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ABSTRACT 
 

 

The prevalence of parkinsonism rises with age meaning many individuals are also living with frailty, 
multimorbidity and/or cognitive impairment. These health states contribute to clinical complexity, 
making health problems more challenging to manage and impacting on risk of adverse outcomes, 
including hospitalisation. However, patients with parkinsonism who are clinically complex are under-
represented in research.  

My thesis addresses three important areas: (i) I undertook a study using primary care data from Clinical 
Practice Research Datalink GOLD, with linkage to hospital admission data. The aim was to describe the 
reasons for, and risks and predictors of, emergency hospital admission amongst people with 
parkinsonism. (ii) I conducted a cross-sectional study to describe the needs, experience and 
symptomatology of a more representative population of people with parkinsonism, including those 
lacking capacity to consent, using more intensive methods. (iii) I developed a framework for the 
“Proactive and Integrated Management and Empowerment” (PRIME) model of care, a multicomponent 
intervention aiming to address the complexity of parkinsonism, reviewed and selected a suitable 
primary outcome measure. 

I found that age, parkinsonism duration, multimorbidity score, care home residence, urban residence 
and deprivation level predicted emergency admission. This allowed me to develop a model-predicted 
risk of emergency admission tool to support better prognostication and counselling. I demonstrated that 
participants recruited to the cross-sectional study better reflected “real-world” patients. More intensive 
engagement resulted in participants who were more likely to be female, frailer, living in a care home 
and with an atypical parkinsonism, compared to other participants. There was a high co-prevalence of 
frailty, polypharmacy and multimorbidity, contributing to clinical complexity. I believe that the PRIME 
model of care is more appropriately evaluated using a goal-orientated outcome measure and adapted 
the Bangor Goal-Setting Interview technique which is currently being used as the primary outcome for 
the PRIME randomised controlled trial.  
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1.1.  Introduction  

This chapter describes the conditions under the umbrella of parkinsonism, the epidemiology of these 

conditions and their impact for patients and society. I introduce the concepts of frailty, multimorbidity 

and complexity in general, and specifically with respect to parkinsonism, their clinical impact, and the 

extent to which these aspects have been represented in clinical research about parkinsonism.  

I conclude by identifying the research gaps which this thesis seeks to address and providing the aims and 

objectives for the thesis, together with an outline of the thesis chapters.  

 

1.2.  What is parkinsonism? 

In his ‘Essay on the Shaking Palsy’, written in 1817 [1], James Parkinson described many of the features 

of parkinsonism, a syndrome comprising bradykinesia, tremor, rigidity and postural instability [2].  

Idiopathic Parkinson’s disease (PD), the most common cause of parkinsonism, is the second most 

common neurodegenerative disease after Alzheimer’s disease [3]. The symptoms of parkinsonism are 

also observed in the group of conditions collectively known as atypical parkinsonian syndromes, 

including multiple system atrophy (MSA), progressive supranuclear palsy (PSP), dementia with Lewy 

bodies (DLB) and corticobasal degeneration (CBD). These diseases may initially present similarly to 

idiopathic PD, which can lead to diagnostic uncertainty in the early stages [4], but they tend to be 

associated with more rapid progression of symptoms, poor response to therapies and shorter life 

expectancy [5]. They are also characterised by specific symptoms which are observed more commonly, 

or at an earlier stage, than is typical in idiopathic PD: individuals with MSA may have marked autonomic 



28 
 

symptoms including postural hypotension; PSP is characterised by a vertical gaze palsy, earlier postural 

instability and falls [5]; DLB by cognitive impairment, which interferes with function, together with visual 

hallucinations and fluctuation in cognition, attention and alertness [6]. DLB is diagnosed when the onset 

of dementia occurs before or in parallel with the onset of parkinsonian features, in contrast to 

Parkinson’s Disease dementia (PDD), which describes the emergence of dementia one year or more 

after a diagnosis of PD [6].  Clinical CBD is characterised by occurrence of limb apraxia, rigidity or 

myoclonus, together with orobuccal or limb apraxia, alien limb phenomenon or cortical sensory deficits, 

referred to as a corticobasal syndrome (CBS) [7]. Additionally, vascular parkinsonism is characterised by 

the clinical finding of parkinsonism, often worse in the lower limbs, together with clinical, anatomical or 

radiological evidence of cerebrovascular disease [8].  

There are also a large number of non-motor symptoms which can occur alongside, and indeed which 

may predate, the motor symptoms of parkinsonism [9]. Although many non-motor symptoms may have 

as great or more impact on quality of life than the motor symptoms [10], they remain under-recognised 

in routine clinics [11]. These include gastro-intestinal symptoms, such as constipation, dysphagia, 

sialorrhoea; autonomic disturbance including orthostatic hypotension, sexual disturbance, bladder 

dysfunction; neuropsychiatric symptoms including depression, anxiety, cognitive impairment, psychosis; 

sensory symptoms such as olfactory disturbance and pain; sleep disorders including REM sleep 

behaviour disorder, insomnia and restless legs syndrome; and fatigue [12].  

PD is characterized pathologically by the loss of dopaminergic neurons in the substantia nigra, a 

collection of cells which project to the putamen and caudate, and have a crucial role in regulating the 

basal ganglia [13], thus controlling movement, along with executive function, behaviour and emotions  

[14]. Neuronal cell death is recognised to occur following a cascade of events, including oxidative stress, 

mitochondrial dysfunction and protein misfolding [15]. Accumulation of aggregated forms of alpha-

synuclein protein, named Lewy bodies, within neurons is thought to promote cell death, although 

interestingly the regions of protein accumulation do not always coincide with regions of cell death [15]. 

Braak  et al studied post-mortem brains from people with and without previous parkinsonian symptoms, 

leading them to describe a sequential progression of neuronal damage throughout the nervous system, 

which they categorised into six neuropathological stages: stage 1 consisting of lesions in the dorsal 

motor nucleus of cranial nerves IX and X, which then progressed to reach the brainstem, and finally 

involved the cerebral cortex in stage 6 [16]. Importantly, the hallmark lesions of PD, the Lewy neurites 

and Lewy bodies, were found to develop before the clinical appearance of motor and non-motor 
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dysfunction [16]. In addition to the important role of dopaminergic pathways in the pathology of PD, it is 

increasingly clear that loss or impaired function of non-dopaminergic neurons, such as serotonergic and 

non-adrenergic neurons, is an important feature which may contribute to the occurrence of non-motor 

symptoms [12, 13]. Whilst DLB and MSA, like PD, are also characterised by the accumulation of 

aggregated forms of alphasynuclein, leading these conditions to collectively be termed 

synucleinopathies, other forms of parkinsonism are characterised by accumulation of another protein, 

known as tau [17]. Inclusion of tau protein within neurons and glia are observed in PSP and CBD, so 

called tauopathies.  

 

1.3. Staging of Parkinson’s disease  

There are several approaches to describing the stage or severity of PD, a condition which progresses 

throughout the disease course. Hoehn and Yahr (H&Y) described 5 stages of clinical disability, from stage 

1 in which there is unilateral involvement with no or only minimal functional impairment, through to 

stage 5 in which the patient, unless aided, is confined to bed or wheelchair [18]. The authors 

acknowledge that this staging may not necessarily correlate with the pathophysiological staging of the 

disease, but suggest that it can allow functional level to be assessed reproducibly by different examiners 

[18]. Whilst more severe stages were associated with longer disease duration when H&Y staging was 

applied to a group of patients with parkinsonism, disease duration varied amongst individuals at a given 

stage, underlining the heterogeneity in how parkinsonism progresses amongst different individuals [18]. 

Given the large impact non-motor symptoms can have on function and quality of life, it has been 

suggested that PD staging should consider not only motor, but also non-motor, involvement [19]. 

Santos-Garcia et al combined the H&Y scale with the non-motor symptom scale (NMSS) to form the 

HY.NMSB scale, finding that patients with a lower H&Y staging but a higher burden of NMS may have 

worse quality of life and/or disability than patients categorised as a higher H&Y stage but with a lower 

burden of NMS [19]. A composite motor and non-motor score such as HY.NMSB could have utility for 

stratifying and monitoring patients within a clinical or research setting, but a potential limitation is that 

that total NMSS score, used in the HY.NMSB scale, does not account for exactly which non-motor 

symptoms are problematic, some of which (e.g. dysphagia) may indicate later stage disease [19]. 

The Movement Disorder Society-Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) is the most 

widely used clinical rating scale, which comprises assessment of the motor signs of PD, the impact of 

motor and non-motor symptoms on daily living, and motor complications [20]. Whilst frequently used as 
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a research outcome, it is generally considered too time-consuming for routine clinical use [21].  

MacMahon and Thomas described a pragmatic clinical scale which categorises the disease course into a 

‘diagnostic’ phase; through to the ‘maintenance’ phase, a period of relative stability in which there is 

good response to pharmacological therapy; a ‘complex’ phase, characterised by development of 

cognitive impairment, axial symptoms and occurrence of motor fluctuation; and finally a palliative phase 

[21]. This clinical scale is intended to guide healthcare professionals in how to approach management of 

PD, in order to minimise burden of symptoms for patients and caregivers as priorities change during 

each phase of the condition.   

 

1.4. Epidemiology of parkinsonism 

PD is rare before the age of 50 years with an estimated prevalence in industrialised countries of 0.3% of 

the overall population, rising to 1% in those over 60 years [3]. The 2016 Global Burden of Disease Study 

suggested that number of people with PD globally had more than doubled from 2.5 million in 1990 to 

6.1 million in 2016, whilst the male to female ratio remained stable at 1.4 [22].  This rising prevalence is 

only partly attributable to the ageing of the population, since the age-standardised prevalence rose by 

21.7% over the same period [22]. 

In a Parkinson’s UK research report, compiled using primary care data from Clinical Practice Research 

Datalink (CPRD), the UK prevalence of PD, amongst people aged 40-49 years, in 2015 was estimated to 

be 14 per 100,000 people rising to 1,696 per 100,000 individuals aged 80- 84 years [23]. The overall 

incidence rate was estimated to be 26.6 per 100,000 people during 2015.  There has been some debate 

about whether the incidence of PD is rising, stable or falling over time. A UK study, using another large 

primary care database, The Health Improvement Network (THIN), found that diagnoses of PD, using a 

broad definition based on occurrence of diagnostic, symptom or prescriptions codes for PD, remained 

stable over a 10 year period between 2006 to 2016 [24]. Nonetheless, prevalence of PD is predicted to 

continue to rise [25, 26]. 

In a systematic review of studies reporting the prevalence of PDD, the mean point prevalence of 

dementia amongst patients with PD was 24.5% (95% CI 17.4- 31.5%) [27]. Assuming a prevalence of PD 

in people 65 years and over of 1.6%, the authors estimated the prevalence of PDD in the general 

population aged 65 years and over to be 500 per 100,000 (0.5%) [27]. A UK-based study by Kane et al, 

conducted since this systematic review, found the risk of PDD to be 151 out of 1563 (9.7%) in a case 
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series of PD patients seen in five geriatric medicine or combined geriatric medicine/neurology-led 

movement disorder clinics [28]. The same authors reviewed the case notes of patients seen in nine 

psychiatry of old age/memory clinic services, estimating DLB to account for 4.6% (95% CI 4.0- 5.2%) of all 

cases of dementia [28]. The frequency of PDD found by Kane et al [28] was lower than that reported in 

the systematic review by Aarsland et al [27] which may be in part due to the services receiving 

community-based referrals, rather than being specialist centres, whilst the regional variation in DLB 

frequency noted suggests that differences in disease detection may play a role [28].  

Atypical parkinsonian syndromes are much rarer than idiopathic PD with the prevalence of PSP, MSA 

and CBD each estimated to be less than 10 per 100,000 and, unlike idiopathic PD, there is no clear male 

predominance [29]. A study which screened electronic records of patients registered at 15 GP practices 

in England, prior to clinical review and video recording to enable validation of the diagnosis, reported an 

age-adjusted prevalence of 6.4 per 100,000 (2.3- 10.6) for PSP and 4.4 per 100,000 (1.2- 7.6) for MSA, 

but acknowledged that these prevalence estimates may have been higher if patients with atypical 

syndromes which could not be classified were included and if diagnosis could account for pathological 

markers [30]. In addition, more severe atypical cases may have been more likely to have not taken part 

in the study thereby artefactually reducing the true prevalence. 

 

1.5. Impact of parkinsonism  

Parkinsonism can impact the function, quality of life and life expectancy of individuals with the disease, 

as well as having wider effects on society and contributing to the risk of unplanned hospital admission. 

These effects are discussed further below.  

1.5.1 Impact for individuals  

The 2015 Global Burden of Disease Study highlighted that neurological diseases, including PD, are now 

the leading cause of disability globally [31]. People with parkinsonism, including those with PD, have 

been found to have poorer quality of life than healthy controls [32], with increasing age, disease 

duration, disease stage (as categorised by H&Y) and comorbidities being associated with worsening 

health-related quality of life [33].  Along with disability, depression and cognitive impairment are strong 

predictors of quality of life, highlighting the importance of non-motor symptoms [10]. In a cross-

sectional study of 102 people with PD without dementia, non-motor symptoms accounted for 48% of 
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the variance in quality of life, measured using the Parkinson’s Disease Questionnaire-39 (PDQ-39) 

Summary Index [34].  

PD is also a cause of institutionalisation, since many people with later-stage disease will eventually 

require long term care. A study which invited all people with idiopathic PD, within a region of North East 

England, to complete questionnaires and assessments found that 19 out of 135 (14.1%) were living in 

nursing or residential homes [35]. A Norwegian study identified that older age, reduced functional 

status, cognitive impairment and hallucinations were predictors of admission to nursing home [36].  

PD also appears to shorten life expectancy relative to controls, with a systematic review finding 

unadjusted risk ratios and standardised mortality ratios (SMR) varying between 0.9 to 3.8, with 

substantial between-study heterogeneity [37]. A Swedish study, published since this systematic review, 

conducted in a population with incident parkinsonism, found a higher SMR amongst those with atypical 

parkinsonian syndromes compared to PD [38]. Ishihara et al estimated age-specific life expectancy from 

SMRs in two UK and four Western European studies, finding that life expectancy was reduced in all 

individuals regardless of age of onset of PD, with a greater reduction seen in individuals with younger-

onset disease [39].  

1.5.2. Impact for society  

In a UK-based study of employment amongst people with PD, over 50% had retired early due to the 

disease [40]. Patients with PD are known to have higher healthcare-associated costs compared to 

individuals without: in a UK-based study of over 7000 patients with PD, average healthcare-related cost 

due to direct medical resource use was £5022 ± £4058 per year in individuals with PD, compared with 

£2001 ± £2000 per year in matched controls, not accounting for costs such as those associated with 

formal and informal care [41].  Annual costs were greater in those with advanced disease [41]. PD 

patients had nearly twice as many primary care events and inpatient hospital stays, and over twice the 

rate of emergency department (ED) attendances [41].  Individuals with PD have a longer length of 

hospital stay at greater than average cost, and with higher inpatient mortality [42].  

PD impacts negatively on the physical and psychosocial well-being of those who care for, or support 

these individuals [43]. As PD progresses, many individuals will require care and a large proportion of this 

is provided informally. In one study of patients with moderate to advanced parkinsonism, over 80% 

were receiving input from an informal caregiver, while only a quarter received formal domestic or 

personal care [44]. Increasing age, functional disability, non-motor symptom burden, and declining 
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cognitive and physical function are associated with greater care need and, in turn, with worsening 

caregiver quality of life [45]. Caregivers are often older adults [45], so may themselves be living with 

frailty and multimorbidity, making them vulnerable to negative health outcomes which can limit their 

ability to provide informal support.  In a Parkinson’s UK survey of carers, over a quarter had given up 

employment or reduced their hours since starting to care for the person with PD [46].  

1.5.3. Impact on, and risk factors for, unplanned hospital attendance  

Patients with PD are more likely than age-matched controls to be admitted to hospital [42] and this 

difference is most marked in younger individuals [47]. A systematic review of ED attendances and 

hospital admissions in PD patients found that up to 45% visit ED once a year and up to 28% are admitted 

to hospital per year [48]. Hospitalised PD patients may also suffer a deterioration in motor symptoms or 

develop complications as a result of admission [49] and a proportion are unable to return to their own 

home following admission [50].   

A systematic review of the factors leading to acute hospital admission in PD patients found the most 

common causes to be falls, deterioration of motor and non-motor symptoms of parkinsonism and 

infections [51].  Pooled data from 7 studies showed falls to account for 30% of acute admissions to 

general wards (excluding neurological wards) [51], which is unsurprising given that postural instability, 

gait disturbance and postural hypotension, which can all predispose to falls, are well-recognised 

complications of advancing PD [52].  A UK study by Okunoye et al using routinely collected primary care 

data from THIN to compare PD cases and non-PD controls, found falls, fractures, infections, dementia 

and gastrointestinal problems to be the most common reasons for admission in both groups, but these 

occurred more frequently in patients with PD [47]. In a care home population of people with PD, falls 

were also the commonest reason for ED attendance overall; amongst those with atypical parkinsonian 

syndromes living in a care home, swallowing problems and pneumonia together accounted for 50% of 

hospital admissions, although the sample size was small [53].  Use of services was lower during care 

home stay than for the same individuals in the period leading up to care home admission [53].  

The research literature describes some of the risk factors for hospital admission amongst people with 

PD. In a study of over 3,000 PD patients attending National Parkinson Foundation Centres of Excellence, 

longer timed up-and-go test (TUG), greater number of comorbidities, presence of deep brain stimulator 

(DBS) and motor fluctuation was associated with ED attendance and hospital admissions [54].  Patients 

with a hospital attendance were also more likely to have worse cognition, higher caregiver burden, 

longer duration of disease and be on more medications than those without, but this apparent 
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association disappeared after adjusting for TUG, comorbidities, presence of DBS and motor fluctuation 

[54].  In a cohort of over 7,000 PD patients, which includes the cohort reported by Hassan et al 

described above [54], time to hospital attendance was associated with increasing age and number of 

medications and, in those who had previously been admitted to hospital, subsequent hospitalisation 

was associated with number of comorbidities and caregiver strain [55].  Patients who had a hospital 

admission prior to the study baseline were more likely to be re-hospitalised during follow-up [55].  In a 

UK-based study of 162 people with parkinsonism PwP, worse cognition, poorer quality of life, slower 

TUG, greater non-motor symptom burden and greater prevalence of dysphagia predicted hospital 

admission [56].  Four items from within the NMSS and UPDRS (dizziness, cognitive impairment, anxiety 

and gait impairment) were found to be independent risk factors for admission [56].     

Two of these three studies [54, 55], which investigated factors associated with hospital admission, 

recruited patients from non-UK international centres of excellence only, and may therefore not be 

representative of the general PD population or of standard care delivered to patients with parkinsonism 

in the UK.  Sebastian et al investigated predictors of hospital admission in a cohort of 162 patients with 

parkinsonism in a UK setting, but restricted their study to community-dwelling individuals [56]. 

Therefore, there is a need to explore the predictors of hospital admission in a large UK-based population 

of patients with parkinsonism, living in both domestic or residential care settings, and to explore which 

conditions may be potentially avoidable in PD.  

1.5.3.1 Identifying patients at increased risk of admission  

Given the financial cost [41] and negative impact of hospitalisation for PD patients[49], it is important to 

develop interventions to prevent or reduce so-called avoidable hospital admissions [57]. Conditions that 

can lead to unplanned hospital admission, but which could potentially be prevented or managed in the 

community, are often termed ‘Ambulatory Care Sensitive Conditions’ (ACSCs). This list of conditions 

includes urinary tract infections (UTIs), pneumonia and dehydration [58, 59]. For people living in a 

nursing home, this list of potentially avoidable hospital admissions has been expanded to include 

conditions which could be managed in a nursing home setting, or potentially prevented with good 

nursing care, such as delirium, pressure ulcers, and injuries from falls and fractures [60].  

Given the finite resources available, it is necessary to direct any such interventions towards the 

individuals most likely to benefit from them, and this requires a robust system of ‘case-finding’ [61].  

Predictive risk modelling is considered to be a more accurate method of case finding than relying on 

clinical opinion or sets of criteria to identify patients to target [57, 61].  The Predicting Emergency 
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Admissions Over the Next Year (PEONY) model was developed amongst individuals aged 40 years and 

over in a region of Scotland and included sociodemographic factors, previous emergency admissions, 

total bed days and prescription data used as an indicator of long-term conditions [62].The QAdmissions 

score is another example of a model developed by investigating the association between multiple 

candidate variables and risk of hospital admission, using English primary care data linked to hospital 

data, and then combining variables in order to predict risk of emergency admission [63].  It was 

externally validated in another English cohort using the CPRD. However, it was developed within a 

general population aged 18 to 100, rather than being specific to patients with parkinsonism or to older 

adults amongst whom PD is most prevalent [63].  

 

1.6.  Complexity, frailty, multimorbidity and parkinsonism  

1.6.1. Comorbidity, multimorbidity and frailty 

The terms comorbidity, mutimorbidity, and frailty are related but distinct, describing states that confer 

excess risk of negative outcomes, such as hospital admission or mortality (see my previous publication 

where I have discussed these [64]). Comorbidity is the presence of additional diseases in relation to an 

index disease in one individual [65], for example comorbidity in depression [66]. Multimorbidity is an 

evolution of the concept of comorbidity and was made distinct from the Medical Subject Heading 

(MeSH) term ‘comorbidity’ in 2018. Multimorbidity is defined as the manifestation of two or more 

chronic diseases in the same person [67] and, importantly, does not imply that any single disease has 

priority over the other co-existing diseases [66]. Morbidity burden can be quantified by means of 

numerical disease counts; or index measures which weight conditions based on, for example, severity or 

mortality [68]. The weighted Charlson Comorbidity Index is a reliable measure [69] and frequently used 

in PD studies [69-72], though often out of context as it was developed as a predictor of in-hospital 

mortality. Although multimorbidity does not attribute weight to different illnesses, its impact on an 

individual’s risk profile may be greater than the sum of the conditions [73]. Multimorbidity is associated 

with functional impairment, but is also predictive of future decline in function, with a steeper decline 

noted with greater number and severity of morbidities [74]. The relationship between multimorbidity 

and functional decline may also be bidirectional such that worsening functional status may contribute to 

increased multimorbidity [74].  
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Frailty, originally a geriatric medicine concept which has since been embraced by multiple medical and 

surgical specialties, describes a multidimensional, dynamic state [75]. It is broadly recognised as a 

syndrome of loss of physiological reserve which confers greater vulnerability to negative health 

outcomes and which has been described both in terms of a frailty phenotype (FP) model, as well as a 

frailty index (FI) based on accumulation of deficits [75]. Sarcopenia, a disease characterised by low 

muscle strength, together with low muscle quantity or quality, contributes to the development of 

physical frailty [76]. Frailty and sarcopenia overlap since the FP model includes reduced grip strength, a 

feature of sarcopenia, and also reduced gait speed which indicates poor physical performance and 

categorises sarcopenia as severe. Risk factors for onset of frailty can be grouped into sociodemographic, 

clinical, lifestyle and biological domains [75]. Some specific factors, such as physical inactivity and 

malnutrition, may be potentially modifiable with interventions, whilst the risk of polypharmacy, 

commonly defined as five or more different prescribed medications, must be carefully balanced against 

potential benefits of medication [75]. Frailty is associated with increased falls, institutionalisation and 

mortality, underlining the importance of strategies to delay the onset or progression of this syndrome 

[75]. 

1.6.2. Clinical complexity  

Another concept which, whilst difficult to define, has emerged as an important issue in healthcare is that 

of “complexity”, which acknowledges that burden of morbidity results not only from number of illnesses 

and disease but also from socioeconomic, cultural, environmental, and patient behavior characteristics 

[65]. These other factors influence how challenging the health-related problems are to manage, along 

with health outcomes and quality of life, and thus collectively determine their overall impact [65].  A 

scoping review conducted by Schaink et al identified several dimensions which can contribute to 

complexity, many of which may be present in any given individual with multiple long term conditions: 

mental health, including cognitive impairment, depression and other psychiatric illness; medical/physical 

health, which may encompass polypharmacy and loss of functioning; social capital, including caregiver 

strain and lack of social support; demographics, including frailty and older age; and health and social 

experiences, such as reduced quality of life, difficulties navigating the system and self-managing disease, 

along with heavy use of healthcare resources [77].  

Schaink et al suggest three broad ways to think about complexity. Firstly, there can be complexity due to 

multimorbidity. Much of healthcare is organised according to single organ systems or specific 

conditions, and following disease-specific guidelines when caring for an individual with two or more 
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long-term conditions can result in polypharmacy and risk potential drug-drug interactions [78]. 

Additionally, such a treatment regime can be complex for a patient to manage and in the context of 

multimorbidity, where the risk-benefit ratio of a treatment may be less clear, there is an even greater 

need to incorporate patient priorities and goals into decision-making [79]. However, Nardi et al highlight 

the limitations to an approach which relies solely on measurement of comorbidity to identify 

complexity; they argue that administrative data based on discharge codes, which is often used to 

measure patient need and hence estimate resources used, may lead to an underestimation of 

complexity by failing to capture problems spanning multiple body systems, as well as undiagnosed 

symptoms, financial and psychosocial problems [80]. Additionally, a simple count of conditions does not 

take into account the severity of clinical relevance of each condition, although this can be addressed by 

using a tool such as the Cumulative Illness Rating Scale (CIRS), which generates a comorbidity index 

(CIRS-CI) based on presence of issues in 14 organ systems, as well as a severity index (CIRS-SI) which is 

the score of systems with moderate impairment [81]. In a study of over 4000 individuals in the Italian 

REgistro POliterapie Società Italiana di Medicina Interna (RePoSi) register, number of comorbidities 

explained only 35% of the variability in CIRS-SI and 26% of variability in CIRS-CI [82]. The CIRS-SI was a 

better predictor of inpatient and post-discharge mortality than number of comorbidities, and predicted 

length of stay (LOS) after adjustment for inpatient mortality, whilst there was no association between 

number of comorbidities and LOS [82].  

Secondly, we can consider complexity operationally in terms of healthcare utilisation [77]. It is 

recognised that so-called ‘high-cost patients’, who account for a high proportion of healthcare spending, 

are some of the most complex patients, and this is in part driven by factors including increasing age, 

chronic disease and multimorbidity, and high prevalence of mental illness [83]. This has led to efforts to 

target interventions to groups with the highest resource use in order to meet their needs in a cost-

effective way. An example is the Kaiser Permanente Chronic Conditions Management pyramid which 

stratifies the chronic illness population according to need for services, where a majority of individuals 

require only routine care, monitoring and self-management support; a proportion of higher risk 

individuals require care management; and the most complex patients at the top of the pyramid require 

intensive management and support due to the presence of multiple long term conditions, increased risk 

of deterioration, and/or poorly managed conditions [84].   

Thirdly, complexity may occur in the context of psychosocial factors, including socioeconomic and 

environmental factors, known as the wider determinants of health [77]. These can include aspects such 
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as diet, physical activity, social isolation and poverty which can complicate treatment and worsen 

chronic illness, and can themselves be caused or worsened by chronic illness (e.g. chronic illness 

precipitating poverty due to inability to work and costs of treatment) [85]. Addressing these wider 

determinants of health can reduce health inequality, as well as potentially reducing complexity [86].  

Acknowledging the importance of a biopsychosocial approach to assessment, and the difficulty of 

measuring this, led a group of researchers to develop the INTERMED instrument [87]. This instrument 

uses a clinical interview to synthesise information on four domains: biological, psychological, social and 

healthcare, generating a score which can be used to classify case complexity [88]. Given the lack of a 

gold-standard method for assessing complexity, the separate dimensions of INTERMED have been 

validated against existing measures, and it has been shown to have good inter-rater and moderate test-

retest reliability, whilst predictive validity has also been explored [87]. Amongst patients admitted to 

hospital under general internal medicine, those classified as ‘complex’ according to INTERMED had an 

increased LOS, increased medication use and greater requirement for nursing intervention and specialist 

consultations [88]. The authors suggest that INTERMED could have utility for identification of patients 

who may be most likely to benefit from integrated care interventions [88]. 

1.6.3. Comorbidity burden and PD 

Numerous studies have focused on the association between PD and other single conditions. In early 

disease the burden of comorbidity tends to be low. In the Incidence of Cognitive Impairment in Cohorts 

with Longitudinal Evaluation – Parkinson’s disease (ICICLE-PD) cohort, coding conditions using the 

International Classification of Primary Care-2 (ICPC-2), which were noted to minimise overlap with non-

motor symptoms, there was no difference in number of conditions between the PD and control groups 

[70] which is consistent with other studies [69]. A large cross-sectional study using a Scottish primary 

care dataset showed that, after adjusting for age, sex and deprivation, PD patients had a greater number 

of both physical and mental health comorbidities compared to controls. Mental health conditions were 

particularly common (44%) which is consistent with the well-recognised neuropsychiatric manifestations 

of PD [89] and 31% (817/2640) had 5 or more conditions [10]. A smaller prospective cohort (147 PD 

patients) found a higher number of comorbidities in PD patients than in controls and noted an 

accumulation of comorbidity over 3 years [71]. Comorbidity predicted mortality after correcting for age, 

disease duration, disease stage, motor and non-motor symptoms (Hazard ratio 1.285; 95% confidence 

interval 1.047–1.577; p = 0.017) [71]. People with PD have more causes of death cited on death 

certificates than decedents of similar age, with dementia and pneumonia being common contributors to 

death [90]. 
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By nature of the concept, few studies address multimorbidity and PD in isolation. In one PD-specific 

study, the presence of multimorbidity exerted only a small negative effect on quality of life. These 

findings may reflect the minimal impact of multimorbidity at a relatively early disease stage or 

insensitivity of the implicit lack of weighting associated with dichotomising multimorbidity into 

present/absent [70]. In an Italian primary care cohort of 3,189 multimorbid patients, those with PD 

showed the greatest difficulty with self-care and performing usual activities. The diagnosis of PD had the 

greatest impact on quality of life of all 45 conditions studied [91]. Cluster analyses have sought to 

determine the co-occurrence of conditions beyond chance. The Octabaix cross-sectional study examined 

a community sample of people aged 85, and identified four clusters from 16 index conditions. People 

with PD had an average of 4.46 (SD 1.45) comorbidities, and a cluster of conditions was identified 

comprising dementia, PD, dyslipidaemia, peripheral arterial disease and anaemia [92]. The association 

between PD and cardiovascular morbidity may be mediated by activity levels, gender and potentially 

diabetes [93] and anaemia is a putative risk factor for PD [94]. 

1.6.4. Frailty and PD  

The majority of studies examining frailty in PD have utilised the phenotype approach, albeit 

operationalised in a variety of ways and sampled from a general population using cross-sectional design 

[95]. The wide variation in the estimated prevalence of frailty in PD across studies (29–67%) is a likely 

function of the varying measures employed. In two small studies, frailty was more common in those 

with more advanced PD [96, 97] and is associated with disability [98]. The Comprehensive Assessment of 

Neurodegeneration and Dementia (COMPASS-ND) study examined frequency of frailty, calculated using 

the FI and FP models, across neurodegenerative disorders [99]. Frequency of frailty across all ten 

conditions was similar, 11% (FI) and 14% (FP), where the low rates likely represent a clinical trial sample 

not entirely representative of the normal population [99]. The inclusion of very small numbers of 

patients with PD and related disorders (n = 24) make it difficult to draw conclusions, except to note that 

use of both FP and FI were feasible and yielded similar proportions [99]. In a cross-sectional community-

based study, frailty was associated with cognitive impairment, hallucinations and dementia, 

independent of age, sex and comorbidities [96]. In hospitalised patients with PD it is a useful prognostic 

marker. The Clinical Frailty Scale (CFS) quantifies frailty on a 9-item scale with higher scores reflecting 

higher frailty. In patients with PD aged over 75 years admitted to a UK hospital over 2 years, 84% 

(330/393) were significantly frail (CFS scores 5–9). Despite controlling for age, sex, comorbidities and 

neuropsychiatric syndromes, those with the most severe degrees of frailty (CFS 7–9) had an 8-fold 

increased odds of dying in hospital [100]. 
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The phenotypic definition of frailty embeds parameters of physical function [101] leading to a degree of 

overlap between the features of PD and the frailty phenotype, which could over-diagnose frailty 

amongst people with PD [99]. The cumulative deficit model of frailty used in the COMPASS-ND study 

excluded items relating to neurological disease, such as parkinsonism and, whilst many of the items in 

the index are recognised non-motor symptoms of PD, their presence is likely to reflect an individual’s 

health status, whether or not they are a direct result of PD[99]. Additionally, sarcopenia is common 

amongst people with PD [96, 102] so may therefore be a key component of the pathway leading from 

PD pathology to frailty and disability [76] and itself may partly be triggered by malnutrition, which 

affects up to 24% of people with PD [103].  

Whilst no instruments have been validated specifically in PD, studies using both FI- and FP-derived 

approaches have shown associations with negative outcomes [96, 100]. Most of the studies that have 

examined frailty in PD have used phenotypic criteria [34]. The index-based approach may over-estimate 

frailty given the contribution of multiple motor and non-motor symptoms to the scoring, whereby 

neither the aetiology nor severity of each deficit is considered. When this has been operationalised it 

has been suggested that health status is affected regardless of the aetiology of the deficit [99]. 

Nonetheless, future efforts may focus on aligning measures to specific negative sequelae and 

quantifying the degree of physiological dysregulation from each PD symptom and the extent, therefore, 

to which this renders homeostasis vulnerable to irretrievable disruption with specific stressors. 

 

1.6.5. Complexity in Parkinson’s disease  

Many of the features identified by Schaink et al as contributing to complexity [77] can be seen in the 

complex and palliative phases of Parkinson’s described by McMahon and Thomas and introduced in 

section 1.3 [21]. As discussed, many individuals with PD are older and may also be living with a 

combination of multimorbidity, frailty and cognitive impairment, and these may result in, and be 

compounded by, poor quality of life, caregiver strain, disability and episodes of acute deterioration 

precipitating hospitalisation.  

In addition to these aspects of complexity, observed in PD but common to many long-term conditions, 

there are several ways to define ‘complex’ or ‘advanced’ disease with respect to PD specifically, 

although there is a lack of consensus on the terminology and definitions [104]. Gurevich et al propose 

the creation of an advanced PD code within the International Classification of Disease 11th revision (ICD-
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11) [105]. As well as referring to the complex or palliative phases of the disease [21], ‘advanced’ is also 

used to refer to the three device-aided therapies: subcutaneous apomorphine, intrajenunal 

administration of levodopa-carbidopa intestinal gel (Duodopa) and deep brain stimulation (DBS) [106].  

A PD disease duration of 10-15 years has traditionally been used to indicate that an individual may have 

advanced PD (APD) [104], although there is no consensus on the duration. Furthermore, this approach 

has limitations because, whilst advanced motor symptoms may appear around this time after diagnosis, 

non-dopaminergic non-motor symptoms associated with severe disease, such as cognitive impairment, 

may occur much earlier, including in the pre-motor phase [104]. In a meta-analysis exploring the 

prevalence of specific non-motor symptoms pre and post-diagnosis, only constipation and daytime 

somnolence increased with disease duration [107]. In addition, it has been observed that some patients 

diagnosed with early-onset PD assessed after having the disease for over twenty years, had surprisingly 

intact cognition and functional status, highlighting that some patients with long disease duration have a 

relatively benign course [108]. The Care of Late-Stage Parkinsonism (CLaSP) longitudinal study 

operationalised ‘late stage’ parkinsonism as individuals with a parkinsonism duration of at least seven 

years and also classified as either H&Y stage IV/V or with significant disability (in the context of 

symptom-control with levodopa medication) [109].     

In response to the lack of consensus around the definition of APD, a group of experts from 10 European 

countries used a Delphi panel approach to reach consensus on the indicators of suspected APD [110]. 

They agreed upon 15 clinically important indicators of APD, ranked in order of priority within three 

categories: motor, non-motor and functional impairment. Three of the six indicators within the motor 

domain comprise the “5-2-1 criteria”, proposed as a screening tool to identify patients with PD who may 

need treatment optimisation and who should be considered for advanced/device-assisted therapies 

[110]. These are 1) five or more levodopa doses per day, 2) at least two hours of “off” time during the 

waking day, and 3) troublesome dyskinesia for at least one hour per day [110]. In a cross-sectional study 

of 102 patients with PD recruited in Spain, individuals meeting at least one of these three criteria were 

found to have lower independence with activities of daily living (ADLs), together with higher non-motor 

symptom burden, reduced quality of life and higher caregiver burden [111]. In addition to the motor 

domain, the Delphi panel ranked six and five indicators within the non-motor and functional impairment 

domains respectively, including mild dementia, troublesome hallucinations and repeated falls (defined 

as more than one fall, although duration for this not specified) despite optimal treatment [110]. Whilst 

five or more daily levodopa doses is an indicator of APD according to the “5-2-1” criteria, it is important 
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to note that many problems occurring later in the disease course are poorly responsive to levodopa 

[112]. APD has also been determined according to clinician judgement [113].  

 

1.7.  Implications of frailty, multimorbidity and complexity for the clinical care of 

people with Parkinson’s  

1.7.1 Implications for prescribing   

Older adults have a high risk of adverse drug events secondary to altered pharmacokinetics and 

pharmacodynamics. Polypharmacy increases the risk of drug-drug and drug-disease interactions and is 

frequently an issue in PD due to the complexity of the disease and its treatment. Close medication 

review is a key part of the National Institute of Health and Care Excellence (NICE) guidance on 

management of people with multimorbidity [114]. In a specialist movement disorder centre, patients 

with an average disease duration of 10 years, at least one comorbidity and 5 or more drugs, showed 

frequent potential interactions between their PD medication and co-prescribed medications [115]. 

These included interactions between central nervous system drugs and dopaminergic therapy, co-

prescription of QT-prolonging drugs particularly with apomorphine, and interactions between P450-

metabolised drugs, ropinirole and entacapone [115]. 73.3% of people with PD were on five or more 

repeat prescriptions and had higher polypharmacy than controls even when controlling for the number 

of comorbidities [72]. Prescribing cascades can result from clinicians misinterpreting an adverse drug 

effect as a new condition, for which another medication is then prescribed, which worsens 

polypharmacy (Fig. 1) [116].  

Anticholinergic medications have potentially harmful but under-recognised effects which can be 

quantified using tools such as the anticholinergic burden (ACB) calculator (http://www.acbcalc.com/). 

These are commonly prescribed in PD in the community [89] and hospital [117, 118]. PD drugs including 

amantadine and monoamine oxidase inhibitors have anticholinergic effects [119] but drugs used to treat 

non-motor symptoms, such as tricyclic antidepressants and drugs for overactive bladder, account for 

most of the anticholinergic burden in PD patients [117]. A retrospective cohort study, using a Taiwanese 

research database of over 30,000 patients with newly diagnosed PD, found that those exposed to 

anticholinergic medication for six or more months, but not those exposed for less than six months, had 

an increased risk of developing dementia relative to non-exposed individuals (adjusted hazard ratio = 

1.23, 95% CI: 1.10–1.32, p < 0.001) [120]. However, although exposed and unexposed individuals were 

http://www.acbcalc.com/
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matched on propensity score, there may still be confounding by indication from unmeasured variables. 

Another study, which used the same Taiwanese database, found no difference in risk of dementia in PD 

patients prescribed anticholinergics categorised as mild (ACB score of 1) compared to moderate/severe 

(ACB score 2 or 3) but did note that high anticholinergic cumulative dose was associated with an 

increased risk of dementia in PD, albeit acknowledging that this may not be causal [121]. 

1.7.2. Risks associated with hospitalisation  

Hospitalisation of people with PD can precipitate motor deterioration [49] in part due to drug errors, 

including omission or incorrect timing of dopaminergic medication, as well as prescription of 

antidopaminergic medication [122]. Such errors are common amongst PD inpatients and are associated 

with increased length of stay [122]. Risk of delirium is likely high in PD [123] as a result of susceptibility 

to acute insult, age and PD-related cognitive and physical vulnerability [124]. Delirium has, in turn, been 

associated with development of dementia [125]. In a systematic review and meta-analysis of six 

observational studies of general older adults, five of which were conducted in patients admitted for 

surgery, patients who were diagnosed with delirium had twelve times the odds of developing dementia 

compared to patients who did not experience delirium (OR 11.9; 95% CI 7.3; 19.6; p < 0.001) [125]. The 

observed association may be due to confounding and, although all the included studies screened for and 

excluded patients with pre-existing dementia, it is possible that the observed association was due to 

reverse causality, since any patients with undiagnosed dementia may have been more vulnerable to 

development of delirium.   

As well as being a potential precipitant of adverse outcomes in this vulnerable group, increasing number 

and duration of hospital admissions appears to precede care home admission and may represent a 

period of crisis [126]. Amongst a prevalent UK population of people with idiopathic PD, 14% were living 

in a residential or nursing home and these individuals were older, with later stage disease, poorer 

cognitive function and worse functional status, likely indicative of frailty and multimorbidity [126]. The 

gravity of these negative outcomes provides a strong rationale to develop evidence-based interventions 

to improve health outcomes in these groups, as well as improving identification of frailty, multimorbidity 

and complexity, in order to target these interventions appropriately.  
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1.8.  Representation of complexity in PD research  

Older people with PD who additionally have one or more of frailty, multimorbidity, complexity are 

usually under-represented in research, unless it is focused on palliative care, which limits the 

generalisability of the findings (see my previous paper where I have discussed this [127]). Many large 

observational studies of people with parkinsonism frequently exclude patients on the basis of age, 

comorbidities, cognitive impairment or the inability to consent. Exclusion of patients unable to consent 

may be the decision of the researchers, or the ethics committee may stipulate that a study should only 

be conducted in patients able to provide informed consent. Table 1 summarises the inclusion and 

exclusion criteria for several large observational studies, not intended to be an exhaustive list, of people 

with PD, along with one smaller study which focused specifically on nursing home residents.  

The COPPADIS (COhort of Patients with PArkinson’s DIsease in Spain) study restricted inclusion to those 

aged 30-75 years and excluded patients with dementia (defined as a Mini-Mental State Examination 

score <26) or who were unable to provide informed consent [128]. The international, multicentre Non-

motor International Longitudinal Study (NILS) excluded patients with dementia or who were unable to 

consent [129]. Similarly, existing UK-based PD cohort studies have generally focused on patients with 

idiopathic PD, including the Thames Valley-based, Discovery cohort. Patients in this programme were 

recruited from neurology clinics and, critically, were excluded if they were suspected to have non-

idiopathic PD, Lewy Body dementia or had cognitive impairment judged to preclude consent [130]. The 

prospective, multi-centre Tracking Parkinson’s cohort excluded those with other forms of parkinsonism 

or severe comorbid illness [131]. It is, however, encouraging to note that some ongoing biomarker 

development cohorts are taking an inclusive approach towards recruitment, including the Cincinnati 

Biomarker Program which is enrolling participants with any form of parkinsonism or dementia, at any 

disease stage, though participant burden may implicitly exclude some participants [132]. Even studies 

focusing on later stage PD are often not wholly inclusive: a Dutch cross-sectional study of nursing home 

residents with PD opted to exclude individuals with moderate to severe cognitive decline [133] and a 

cross-sectional study investigating the clinical burden of advanced PD required patients to be able to 

provide written informed consent [134]. This limits the generalisability of the findings and likely provides 

an overly optimistic clinical picture of PD. 
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Table 1: summary of the eligibility criteria of some observational studies of people with PD 

Name or description of 
observational study   

Number of 
participants 
with PD 

Inclusion criteria Exclusion criteria 

COhort of Patients with 
PArkinson’s DIsease in 
Spain (COPPADIS) [128, 
135] 

690 -Idiopathic PD according to UK 
PD Society Brain Bank criteria  
- No dementia (MMSE ≥ 26) 
- Aged 30 to 75 years  
- Participating voluntarily and 
have provided written informed 
consent  

 

- Not capable of completing the 
questionnaire adequately 
- Other disabling concomitant 
neurological disease (stroke, 
severe head trauma, 
neurodegenerative disease etc) 
- Other severe and disabling 
concomitant non-neurological 
disease (oncological, 
autoimmune, etc.) 
- Known chronic anemia and/or 
hyperuricemia 
- Receiving active treatment 
with continuous infusion of 
levodopa and/or apomorphine 
and/or with deep brain 
stimulation 
- Participation in a clinical trial 
and/or other type of study that 
does not permit concomitant 
participation in another 
- Long-term follow-up not 
expected to be possible  

Non-motor International 
Longitudinal Study (NILS) 
[129] 

1607 - A diagnosis of idiopathic PD 
according to the UK Brain Bank 
criteria 

- Diagnosis of atypical 
Parkinsonism 
- Dementia (as per 
internationally accepted criteria) 
- Inability for giving consent to 
participate in the study 

Oxford Parkinson Disease 
Center (OPDC) discovery 
cohort [130, 136] 

1082 
 
 

- Idiopathic PD diagnosed within 
the last three years according to 
the UK PD society Brain Bank 
criteria by a neurologist or 
geriatrician with a special 
interest in PD 

-Non-idiopathic parkinsonism 
-Dementia preceding PD by one 
year suggestive of Dementia 
with Lewy Bodies  
-Cognitive impairment 
precluding informed consent  

Tracking Parkinson’s [131] 2247 - A clinical diagnosis of PD, 
corroborated by Queen Square 
Brain Bank criteria and 
supported by neuroimaging 
performed when the diagnosis 
was not firmly established 
clinically 
- Aged 18 to 90 years 

- Severe comorbid illness e.g 
severe COPD or symptomatic 
heart failure that would not 
allow patient participation in 
clinic visits 
- Other degenerative forms of 
parkinsonism e.g. PSP 
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Name or description of 
observational study   

Number of 
participants 
with PD 

Inclusion criteria Exclusion criteria 

- Young onset (diagnosed <50 
years of age) OR recent onset (< 
3.5 years) 

- Parkinsonism attributable to 
significant cerebrovascular 
disease eg. lower body 
parkinsonism with prominent 
vascular history 
- Drug-induced parkinsonism 

Nursing Home Residents 
with Parkinson’s Disease in 
the Netherlands [133] 

73  - PD according to the UK PD 
Society Brain Bank criteria  
- residents admitted to a nursing 
home for long term care 

- Moderate to severe cognitive 
decline (MMSE ≤ 18) 
- Treatment with typical 
antipsychotics or other drugs 
that may induce parkinsonism 

PD: Parkinson’s Disease; MMSE: Mini-Mental State Examination; COPD: Chronic Obstructive Pulmonary Disease  

 

1.9. Barriers to inclusion of ‘complex’ patients in research studies 

It is widely recognised that research populations need to reflect the population being treated in clinical 

practice and yet populations recruited into clinical research are often not representative of the 

population in whom evidence is required [137]. The National Institute for Health and Care Research 

(NIHR) INCLUDE project has identified several under-served groups in research, according to 

demographics, socioeconomic factors, health status and disease-specific factors [138]. Whilst it is 

acknowledged that this list of potentially under-served groups are study- and context-specific, several 

groups listed are relevant within the context of PD: older age, care home residents, people with multiple 

long-term conditions, people with cognitive impairment and/or who lack capacity to consent to 

research, and caregivers [138]. Whilst much of the literature around inclusivity in clinical research is 

focused specifically on trials, the themes around barriers and potential solutions are relevant to other 

study designs.  

PD patients can be excluded from taking part in research for explicit reasons, such as restrictive 

eligibility criteria, including exclusion on the basis of age [139, 140], but also implicitly due to 

participation being associated with physical, financial or logistical burden [141] or, because study 

information is not provided in an accessible format, for example for someone with visual impairment. A 

review of 14 consecutive randomized controlled trials, published in Age and Ageing, the journal of the 

British Geriatrics Society, over an 18-month period, albeit not specific to PD, noted exclusion rates of up 

to 49% and refusal rates of up to 54%, and highlighted that on average three potential participants 

needed to be screened for each participant included [142]. Retention can also be challenging; in a meta-
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analysis of individual participant-level data, increasing number of comorbidities was associated with 

increased trial attrition [OR per additional comorbidity 1.11, 95% confidence interval 1.07- 1.14] [143]. 

This likely contributes to a reluctance to include people with multimorbidity in research studies 

although, in order to ensure findings are generalisable, it remains important, where possible, not to 

exclude on the basis of comorbidities but to instead factor the likely increased attrition into sample size 

calculations [143].  

High refusal rates in older, frailer individuals, due to the existing burden of health conditions and/or 

cognitive impairment, can be tackled by designing studies in a way which minimises the need to travel 

for in-person assessment and, where this is necessary, by offering home visits and scheduling research 

appointments flexibly and to coincide with a scheduled hospital appointment [144]. Hempenius et al 

advise communicating with potential participants who are older face-to-face where possible, rather 

than solely providing information in writing or by telephone, since the former may help to overcome 

barriers to communication resulting from visual or hearing impairment, speech problems and cognitive 

impairment [144]. Where it is not possible to recruit face-to-face, telephone contact may still aid 

recruitment compared to written information alone. In an RCT of 560 individuals to assess strategies for 

recruitment into a study of physical activity in older people, telephone contact by a research nurse 

following postal invitation increased recruitment by 10% compared to those who received only written 

study information (47.9 versus 37.9%, 95% CI for difference 0.2- 19.8%), and this effect was seen despite 

39% (108/280) of those randomised to a telephone call not receiving this intervention, mostly because 

they requested not to be called [145].  

Under-representation of adults lacking capacity to consent, in both PD and other disease areas, is due to 

factors besides restrictive eligibility criteria [146]. Shepherd has described three main categories of 

barrier to inclusion of adults lacking capacity to consent: firstly, methodological issues such as lack of 

appropriate outcome measures for populations with impaired capacity; secondly, structurally 

determined factors such as the resource-intensive nature of delivering clinical research to this group, 

along with a lack of resources to support proxy decision-makers; thirdly, systemic factors including 

navigating the complex legal frameworks and ethical review process, as well as paternalistic attitudes 

which can suggest that adults lacking capacity to consent must be protected from research [146]. 

Recruitment of care home residents is impacted by many of the issues described above since this 

population are more likely to be affected by cognitive impairment, comorbidity and polypharmacy [142]. 

Ritchie et al categorise the barriers to care home research into procedural barriers, such as obtaining 
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ethical approval to include adults lacking capacity to consent to research, and putting in place a research 

contract if care home staff are carrying out research activities; system barriers, such as establishing 

whether a resident has capacity to consent, communicating with care home staff, and difficulties 

accessing primary care records since different residents in the same care home may be under the care of 

different general practitioners; and resident-specific barriers, such as the need to ensure that data 

collection methods are suitable for residents with cognitive impairment or learning disabilities, or for 

proxy completion by friends/family members [147]. McMurdo et al describe how care home staff may 

assume the role of gatekeeper and decide which residents can be approached about participation, 

which can introduce selection bias, and they highlight the importance of having a designated staff 

member who is the link for research studies to mitigate against the effects of staff turnover [142]. 

Enabling Research In Care Homes (ENRICH) networks in England, Scotland and Wales have been set up 

to provide guidance and resources to support researchers and care home staff to conduct studies in this 

population [148].  

Whilst there are clearly challenges and barriers to ensure that people with PD who are older, living with 

frailty, multimorbidity or cognitive impairment, and/or resident in a care home are included in clinical 

research, it is vital to overcome these factors so that study populations are representative of the ‘real 

world’ situation. In addition, the literature highlights the positive experience of participating in research 

for people with PD and their caregivers, including a sense of achievement, increased confidence, 

improved mental wellbeing, opportunities to meet other people with a similar condition, an improved 

understanding of the condition, and the benefits of social interaction with other participants [149]. 

 

1.10 Gaps in the current evidence base  

In this chapter, I have described the increasing recognition that clinical complexity is an important 

concept, which can be thought of in terms of multimorbidity, healthcare utilisation and psychosocial 

factors [77], all of which make managing a patient more challenging. With respect to complexity in 

parkinsonism, the research focus has mostly been on identifying and defining the ‘advanced’ or 

‘complex phase’ of parkinsonism itself in order to identify patients who may be a candidate for specific 

therapies. This is important but, since parkinsonism predominantly affects older people many of whom 

are also living with frailty and/or multimorbidity, there is also a need to consider complexity in the wider 

sense amongst people with parkinsonism.  
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As described, existing models to predict risk of unplanned hospital admission have been developed in 

non-PD populations. There is limited literature surrounding which characteristics drive risk of admission 

amongst people with PD and studies which have explored this excluded care home residents or were 

conducted in non-UK tertiary centres, so may not be generalisable to the spectrum of people living with 

parkinsonism in the UK. There is therefore a need to explore the predictors of hospital admission in a 

large, representative UK population of people with parkinsonism, since this could allow us to address 

modifiable risk factors and appropriately target interventions which may reduce admission risk or, if 

unavoidable, reduce length of stay.  

This chapter has also highlighted that people with parkinsonism who have frailty, multimorbidity, 

impaired capacity to consent, or who are care home residents, are typically under-represented in 

research. This limits the generalisability of existing studies and means that the level of markers of clinical 

complexity, where these are captured, likely does not reflect that seen in clinical practice. To address 

this research gap, it is necessary to design an inclusive study, embed processes to tackle the barriers to 

participation for under-served groups with parkinsonism, and evaluate the success of these approaches. 

It would then be valuable to describe the symptoms and experience of a more representative sample of 

people with parkinsonism, as well as the prevalence and interrelationship of aspects of clinical 

complexity, including multimorbidity and frailty.  

Finally, clinical complexity has implications both for how healthcare services are structured for 

parkinsonism, as well for how to evaluate care models, and this thesis seeks to build on progress within 

these areas.  

 

1.11 Context of the Doctorate of Philosophy (PhD) 

This PhD is embedded within the Proactive and Integrated Management and Empowerment in 

Parkinson’s Disease (PRIME- Parkinson) programme of research which is aiming to innovate care for 

people with parkinsonism. The PRIME-Parkinson programme is a collaboration between a team at the 

University of Bristol and a team at Radboud University Medical Centre (UMC), Nijmegen, in the 

Netherlands. The central aspect of the UK arm of PRIME-Parkinson is the PRIME randomised controlled 

trial (PRIME RCT) which is comparing the multicomponent PRIME-UK intervention to usual care for 

parkinsonism in the UK. The results of the RCT will not be covered in this thesis. However, to identify 
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potential participants to the RCT, as well as to contextualise the RCT sample, there is a prior cross-

sectional survey which will be covered (see below). 

 

1.12 Aims and objectives of the thesis  

The aim of this thesis is to explore the interrelation between complexity, comorbidity and frailty in 

people with parkinsonism, including their impact on risk of adverse outcomes, and approaches to 

managing this complexity.  

The over-arching objectives are:  

1) to describe the rates of, reasons for, and risk and predictors of hospital admission amongst 

people with parkinsonism (CPRD study) 

2) to describe the symptoms, needs and experience of a representative sample of people with 

parkinsonism, including people who are typically excluded from clinical research (PRIME cross-

sectional study)  

3) to develop a framework for the multicomponent PRIME model of care, including selection of a 

suitable primary outcome measure 

My first objective will inform the PRIME RCT by providing empirical evidence about which patients are at 

the highest risk of hospitalisation, which will enable people with parkinsonism across the spectrum of 

risk to be recruited to the trial. It will also allow the intervention to be targeted on an individualised 

basis according to risk of adverse outcomes. The second objective will provide a representative 

population of people with parkinsonism to act as a sampling frame from which to recruit participants for 

the PRIME RCT, as well as informing the planning of the multicomponent intervention itself. Objective 3 

will provide a framework which can be used to design the evaluation of the PRIME RCT and will select a 

suitable primary outcome for the trial. The sub-objectives are detailed in the relevant chapters.  
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1.13 Thesis outline  

In this chapter, I have summarised important background about parkinsonism and have introduced the 

key concepts. In chapter 2, I will describe the methods and results of the CPRD study. Chapter 3 

describes the methods and relevant results of the PRIME cross-sectional study. Chapter 4 considers the 

limitations of current care models for parkinsonism and describes the framework developed to support 

the delivery and evaluation of the PRIME intervention, a care model which aims to tackle some of these 

limitations and manage clinical complexity. I also describe the considerations for selecting a suitable 

primary outcome measure for the evaluation and how this will be operationalised within the trial. In 

Chapter 5 I discuss and summarise the main thesis findings in the context of the literature, present the 

strengths and limitations and consider the implications for clinical practice, policy and research.   
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CHAPTER 2 
2.1. Methods 
 

2.1.1. Chapter overview  

The chapter describes the methods and results of the study using CPRD GOLD data. The overall aim of 

this study was to describe the rates of, reasons for, and risk and predictors of, unplanned hospital 

attendance amongst people with parkinsonism. In this chapter, I describe the datasets used, the process 

of data manipulation and the statistical methods used to address three objectives. I then go on to report 

the results for each objective.  

2.1.2. Study design  

I designed a retrospective clinical cohort study to compare the rate of hospital admission, both in 

absolute and relative terms, according to patient characteristics, such as age, disease duration, 

comorbidity burden, with the aim of calculating an individual’s annual risk of admission given certain 

predictors. I also aimed to describe whether rates of hospital admission vary over time and/or by 

geographical region, as well as describing the reasons for hospital admission in people with 

parkinsonism compared to controls without parkinsonism.  

2.1.3. Sources of data 

Primary care databases, such as Clinical Practice Research Datalink (CPRD) GOLD [150] and Aurum [151], 

enable researchers to study real-world data in a large population representative of the United Kingdom 

population. They can facilitate inclusion of under-served groups, such as pregnant women [152], care 

home residents [153] and people with dementia [154], who are often excluded from clinical research. 

These databases contain routinely collected, electronic health record data about consultations, 

prescriptions, diagnoses and other clinical events, recorded using the Read/SNOMED CT code systems. 

They are a valuable resource for researchers and can provide real world evidence which can influence 

practice [155]. The ability to link the primary care data to other sources, such as secondary care, 

mortality and deprivation data, further increases their utility and enables more specific hypotheses to be 

tested [156].   

The CPRD GOLD database was established in 2012, following on from the General Practice Research 

Database (GPRD) [157]. General practices in the UK, who use the Vision® software, and who consent to 

contribute data, do so on a monthly basis [150].  The CPRD Aurum database, which comprises data from 
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general practices using EMIS Web ®, the software mostly frequently used by English practices, was 

established in 2017 [151].  As of March 2022, CPRD GOLD contained over 3 million patients registered at 

404 currently contributing practices (4.9% of UK general practices), excluding patients who had 

transferred out or deceased, representing 4.6% of the UK population [158].  At the same timepoint, 

CPRD Aurum contained over 13 million patients alive and currently registered at a contributing practice, 

representing 19.9% of the UK population, drawn from 1,356 currently contributing practices, 99% of 

which are English practices [159].  

The work in this thesis focuses solely on CPRD GOLD, rather than CPRD Aurum, with data linkage to 

Hospital Episode Statistics (HES), Office for National Statistics (ONS) death registration, Index of Multiple 

Deprivation (IMD), and rural urban classification. I decided to use CPRD GOLD data, rather than CPRD 

Aurum, because its longer existence means that there is greater experience around its use, more 

validation work has been undertaken and many code lists have been published.  

2.1.4. Study population 

The study population consisted of all incident and prevalent patients with parkinsonism aged 35 years or 

older at the time of parkinsonism diagnosis and with acceptable up to standard (UTS) follow up time, 

during the period of CPRD data collection between 1st January 2010 and 31st December 2019.  

People were selected for inclusion if they had a diagnosis of parkinsonism, including idiopathic 

Parkinson’s disease, atypical parkinsonian syndromes, Parkinson’s disease dementia, Lewy Body 

dementia (see appendix A) in the CPRD clinical and/or referral files. I used the therapy file to check for 

anti-Parkinson medication (see appendix A) before and after the date on which parkinsonism was first 

coded. A validation study by Hernan et al. has previously confirmed the diagnosis of PD in 90% of those 

with a diagnosis of PD in CPRD, together with 2 or more prescriptions for treatment of PD during follow 

up [160]. In this study, I did not exclude individuals who did not have two or more records of a 

prescription for anti-Parkinson medication after diagnosis, since this would not routinely be prescribed 

for atypical parkinsonian syndromes, which were included in the study population. If prescription 

records showed that PD treatment was prescribed for more than 3 months before the first documented 

PD diagnosis, this suggested that the date of PD diagnosis may be unreliable. A second disease duration 

variable was derived which assumed the date of PD diagnosis to be the date of first prescription of PD 

medication.  
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Patients under 35 years at the time of diagnosis were excluded as PD is rare in this group and could 

represent an error in coding. Read codes for examination findings such as ‘O/E- parkinson gait’, ‘O/E- 

parkinson posture’ were not considered sufficient to indicate a diagnosis of parkinsonism. Diagnostic 

codes for parkinsonism secondary to drugs, or for parkinsonism suspected to have resulted from 

encephalitis or syphilis, were excluded from the list of parkinsonism codes used to identify cases.  

The decision to include patients with all forms of parkinsonism, with the exception of drug-induced 

parkinsonism, was taken with the aim of making the findings of this study as generalisable as possible to 

the day-to-day clinical practice of healthcare professionals caring for individuals with parkinsonian 

disorders. Although the outcomes and clinical course differ between those with an atypical parkinsonian 

syndrome as compared to idiopathic Parkinson’s disease [38, 161], they share many of the same 

management challenges. It is also acknowledged that there can be uncertainty surrounding the exact 

diagnosis, particularly in the early stages of the disease [4].  Including prevalent cases, diagnosed prior to 

the study period, as well as incident cases, diagnosed after the start of the study period (1st January 

2010) is important to ensure we capture individuals at all stages of the disease course.  

Follow up of incident cases begun at parkinsonism diagnosis, or once under UTS follow-up and 

registered with the practice. Follow-up of prevalent cases begun on 1st January 2010, or once under UTS 

follow-up and registered with the practice.  The date at which the data contributed by a practice 

became UTS was obtained from the CPRD practice file and is derived by CPRD using an algorithm which 

determines the date at which practice data is of research quality, based on gaps in the data and 

recording of deaths. The date at which a patient’s current registration with a practice began was 

obtained from the CPRD patient file.  

The censor date, at which point the subject is no longer at risk, and no further events can be observed, 

was the earliest of last collection date for the practice (from the CPRD practice file), patient transfer out 

(from the CPRD patient file), death date or 31st December 2019. The death date was taken to be the 

date of death recorded in the ONS death registration dataset, if available, or the date of death recorded 

in the CPRD patient file, since the former is recognised as the gold standard [162].  
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2.1.5. Control group 

Each patient with parkinsonism was matched by age (+/- 2 years), gender and practice with up to 5 

patients without a diagnosis of parkinsonism, sampled from the same GP practice. This enabled me to 

compare the reasons for hospital admission in people with and without parkinsonism (objective 2).  

Controls (people without parkinsonism) were not required for objective 1, examining rates of admission 

over time and by region, or for objective 3, in which different exposure groups (e.g. age-group, gender) 

were compared to see if these variables are associated with risk of hospital admission amongst people 

with parkinsonism.  

2.1.6. Outcomes  

The outcomes of interest were determined from HES data and included: (i) any unplanned hospital 

admission (ii) unplanned hospital admission for specific causes associated with PD: pneumonia; urinary 

tract infection; falls, fractures and head injuries and (iii) emergency department attendance.  

2.1.7. Exposures and other covariates  

The following variables were explored as potential predictors of hospital admission: age, gender, 

parkinsonism disease duration, count of PD medication classes, care home status, multimorbidity score, 

deprivation level, rural urban classification. 

Disease duration and number of PD medication classes were used as proxies of disease severity since 

Parkinson’s-specific disease severity is not routinely measured in primary care and therefore not 

recorded within CPRD. In a research setting disease severity is usually measured using validated rating 

scales, such as the Movement Disorder Society- Unified Parkinson's Disease Rating Scale (MDS-UPDRS) 

[163].  All four parts of the MDS-UPDRS have been shown to increase with each 5-year increment in 

disease duration up to a 15-year duration, after which only some subscores are associated with 

increasing duration [164].  This suggests that disease duration is a moderate proxy for severity, at least 

in the first 15 years. Increasing number of PD medication classes may reflect, to some extent, more 

advanced disease since end-of-dose “wearing-off”, a motor complication which typically arises as the 

disease progresses, may prompt the addition of adjuvant therapy (e.g. COMT inhibitor) in an attempt to 

improve motor fluctuation, where possible without worsening dyskinesia [165, 166]. Amantadine may 

be added to manage dyskinesia, whilst initiation of apomorphine as intermittent injections or 

continuous subcutaneous infusion indicates advanced phase PD [167]. In a post-hoc analysis using 

baseline data from a RCT of a potential disease-modifying drug, patients with early PD prescribed 
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combination therapy with levodopa and a dopamine agonist had higher scores on a global outcome 

measure of PD severity compared to those on dopamine agonist monotherapy [168]. Whilst not perfect 

proxies, disease duration and number of PD medication classes are a better reflection of the information 

available to clinicians in routine clinical practice. Such predictors therefore have routine clinical utility as 

a means to risk stratify patients to target interventions to reduce avoidable hospital admission. 

 

2.1.8. Sample size calculation 

The sample size was pragmatic, based on feasibility counts for the number of people with parkinsonism 

in the database.  I included all the people identified with parkinsonism in the dataset, so long as they 

had an available date of diagnosis and linked data, to maximise the precision of the multiple strata 

estimates from the regression model. 

2.1.9. ISAC approval 

This study, with reference number 20_000060, was approved by the Independent Scientific Advisory 

Committee (ISAC), now termed the Research Data Governance (RDG), on 1st December 2020 (appendix 

B).  

2.1.10. Code list development   

Existing code lists were used if these had been published as appendices or made available via 

repositories. The CPRD code browsers were then searched to identify any additional codes, guided by 

the approach described by Watson et al [169]. 

Code lists for parkinsonism and for anti-Parkinson’s medication were based on lists compiled by Walker 

et al. [170] and made available via the data.bris Research Data Repository [171]. 

A codelist to indicate care home status was compiled by combining codes published by Denholm et al 

[172], together with codes for “communal establishment” [173] and for “likely long-term care home 

residence [174], where these were deemed to be relevant.  Codes indicating past residence or death in a 

care home were not included.  

Comorbidity was scored using the Cambridge Multimorbidity Score (CMS), developed by Payne et al 

[175], based on work by Barnett and colleagues [176]. This comprised 37 conditions, each of which was 

flagged as present or absent based on lists of medical codes (in the clinical and/or referral file), product 
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codes (in the therapy file), or a combination of the two. I used the version 1.1 codelists, made freely 

accessible by the authors, which were current in October 2018 [177].  

Data manipulation   

 

2.1.10.1. Raw primary care data  

The CPRD primary care data I received (June 2021 database build) was structured into the following 

files: 

- Patient: contains demographic information (such as year of birth) and registration details (such 

as date of registration with GP practice) for the patients  

- Practice: contains details of the GP practice, including region and date on which data became 

up-to-standard  

- Staff: contains practice staff details  

- Consultation: information about the type of consultation, entered from a pre-determined list 

e.g. night visit, GP surgery consultation.  

- Clinical: contains medical history date, including symptoms, signs and diagnoses, coded using 

the Read code system and entered onto the GP system 

- Additional clinical: contains data which is linked to events in the clinical file.  

- Referral: information about referrals to external care providers, such as to hospitals for inpatient 

or outpatient care, including the specialty, referral type and symptom/diagnosis.  

- Immunisation: information about immunisation records entered onto the GP system  

- Test: records of test data, including the type of test and the result  

- Therapy: details of all drug or appliance prescriptions issued by the GP, coded using the 

Gemscript product code system 

The raw data files were imported into Stata 17 for cleaning and analysis. I did not require the staff, 

consultation, additional clinical or immunisation files for this project so these were dropped.  

The CPRD data specification for GOLD [178], which lists the field names and descriptions in each file, 

together with how they map to the lookup tables, was used to label the variables and values.  

The CPRD GOLD dataset included 21,792 patients with parkinsonism and 106,514 controls. Patients 

were dropped if their derived censor date was before the derived index date and also if the recorded 

date of death occurred before the start of the study period. Patients without any data in the therapy 
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files were also dropped, since this likely represents data loss rather than absence of treatment. In the 

latter case, this might indicate a misdiagnosis of benign essential tremor as PD, a further reason to 

exclude.  

2.1.10.2. Raw linked data  

The following linked datasets (linkage eligibility set 21) were obtained: Hospital Episode Statistics (HES) 

admitted patient care (APC) and Accident and Emergency (A&E), death registration (ONS), Index of 

Multiple Deprivation (IMD), and rural urban classification. Since this project focused on rates of hospital 

admission, determined from HES data, I limited the analysis to patients with HES linkage available. Since 

IMD and rural-urban status were potential predictors of hospital admission, and this analysis was 

conducted in cases with parkinsonism only, cases were restricted to those who additionally had lower 

layer super output area (LSOA) linkage. I referred to the HES data dictionary (v1.5) to determine the 

variable names and value labels.   

IMD data were obtained at the patient level. This data is based on LSOAs, which are clusters of adjacent 

postcode units with an average of 1,600 residents [179]. The IMD is a composite measure comprising 

several domains of material deprivation, including employment, crime, income, housing, living 

environment, education and skills, access to services and health. All national LSOAs are ranked from 

least deprived to most deprived and then divided into equal groups. For this study, I obtained IMD 2015 

data categorised into deciles, where 1 represents the least deprived and 10 the most deprived.  

Rural urban classification, categorised into a binary variable (rural/urban), was obtained at the practice 

level, based on the postcode of the GP practice, since CPRD will not provide both IMD and rural urban 

status at the patient level in order to avoid the small risk of reidentification. This classification is 

produced by the ONS, based on census population data, and assigns “rural” or “urban” status based on 

the percentage of the resident population living in these areas [180].   

2.1.10.3. Variables generated  

Geographical region was taken from the CPRD practice file which specified the Strategic Health 

Authority for practices within England. Age was derived from the year of birth variable within the CPRD 

patient file. Since date and month of birth were not provided by CPRD, to reduce the risk of 

reidentification, this was assumed to be the midpoint of the year (2nd July). Continuous age was 

centered. Age was categorised into 35- 64, 65- 70, 70- 75, 75- 80, 80- 85 and 85+ year age bands.  
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Duration of parkinsonism was calculated from the event date of the first recorded parkinsonism Read 

code in the clinical or referral files. A second disease duration variable was derived which took the date 

of parkinsonism diagnosis to be the date of the first PD prescription, where this was prescribed more 

than 3 months before the date of first recorded parkinsonism Read code. Disease duration was 

categorised into < 1, 1- 2.5, 2.5- 5, 5-10 and 10+ year bands.  

Care home status was coded as a binary variable where care home status at a given timepoint was 

indicated by previous occurrence of a code indicating residence in a nursing or residential home 

(appendix A).  

To generate the variable for number of Parkinson’s medication classes, the list of anti-Parkinson 

medication (appendix A) was categorised into the following drug classes: levodopa (normal or controlled 

release), non-ergot derived dopamine agonists, Catechol-O-methyltransferase inhibitor (COMTi), 

Monoamine oxidase- B (MAO-B) inhibitors, levodopa-carbidopa intestinal gel (DuoDopa), apomorphine, 

ergot-derived dopamine agonists and amantadine. A patient was defined as taking a given drug class if 

there was any prescription in that category within the 3 month period prior to the timepoint of interest.  

CMS was scored as per the algorithm specified by the authors. For example, asthma was scored if there 

was a Read code ever recorded for asthma and any prescription in the last 12 months.  Painful condition 

was scored if four or more prescription only medicine analgesics were prescribed in the last 12 months 

or four or more specified anti-epileptics in the last 12 months, in the absence of an epilepsy Read code 

ever recorded. Patients were flagged as having chronic kidney disease (CKD) if the best (highest value) of 

the last two estimated glomerular filtration (eGFR) readings, within the CPRD test file, was <60ml/min. If 

only one or no readings were available for eGFR, patients were classified as not having CKD, to avoid the 

risk of misclassification.  

Some variables at baseline will inevitably change over time (known as “time-varying covariates”) e.g. 

age, parkinsonism disease duration, care home status, CMS, count of PD medication classes. I therefore  

re-calculated these variables for each year a patient was under follow-up so they could change: either 

on 1st January of a given year if already under follow-up, or the index date if newly diagnosed/registered 

during a given year.  

Hospital admissions were identified within the HES admitted patient care (APC) files, specifically the HES 

hospitalisation file which uniquely identifies hospital spells (which may comprise one or more episodes 

of care) with the ‘spno’ spell number variable. Hospital spells were categorised into elective or 
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emergency admissions. Counts were generated for the number of hospital spells in each year of the 

study, along with a binary variable for whether a patient was admitted or not in a given year.  

Reasons for hospital admission were obtained from the HES APC primary diagnosis file, which lists the 

first diagnosis recorded during each episode of care in a spell, using International Statistical 

Classification of Diseases and Related Health Problems 10th Revision (ICD-10) codes. Hospital 

admissions which occurred within the period each patient was under CPRD follow-up were identified 

using the admission date (‘admidate’) variable. The admissions were categorised into elective, 

emergency, maternity and other using the admission method (‘amidmeth’) variable, located within the 

HES APC hospitalisation file, and referring to the coding described in the data dictionary where, for 

example, an elective admission was taken to be one categorised as “waiting list”, “booked” or 

“planned”. A binary variable was then generated to represent an emergency admission or non-

emergency admission (elective, maternity or other).   

Emergency department attendances were identified from the HES Accident and Emergency (A&E) files, 

specifically the HES A&E attendance file. The ‘aekey’ variable, in combination with the patient identifier 

variable, uniquely identifies A&E attendances. The ‘arrivaldate’ variable was used to select attendances 

which occurred within the follow-up period.  

The linkage eligibility source file was used to identify which patients from English GP practices were 

eligible for linkage. If a patient was eligible for HES linkage but had no admitted patient care and/or A&E 

attendances during the defined period, then the relevant count was assumed to be zero.  

2.1.11. Statistical methods and analysis  

2.1.11.1. Objective 1: To describe rates of hospital admission/ED attendance over time and by 

broad region 

Emergency admissions for patients with parkinsonism with HES linkage, for which the admission date 

occurred within the study period, were categorised according to calendar year to examine for secular 

trends in hospital admissions. A count of emergency hospital admissions was generated for each patient 

for each year, together with a variable for the number of days in a calendar year for which the patient 

(with a diagnosis of parkinsonism) was under follow-up. The emergency admission rate per person year 

was calculated, stratified by study year and by region of England, together with the 95% confidence 

interval based on the Poisson distribution, given we were measuring rates.  
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Logistic regression was used to model emergency admissions and ED attendances over the study period 

and the coefficients were exponentiated to obtain odds ratios.  An alternative approach, which I have 

also used is negative binomial regression. This uses the count (e.g. 0,1,2,3 etc.) of admissions or ED 

attendances as the outcome, accounting for days of follow up time in each year and adjusting for 

calendar year, in order to model the rate of repeated hospital admissions or ED attendances. The 

Poisson model was not valid given over-dispersion, indicated by the variance of the emergency hospital 

admission count (0.78) being greater than the mean (0.38) and the variance of the ED attendance count 

(1.63) also being greater than the mean count (0.60). This was expected as a Poisson model assumes 

independence in the count variable, but clinically it is well recognised that some patients have multiple 

admissions so one admission is likely to predict another admission and hence the count is clustered. 

Multilevel modelling was used to account for clustering by patient and practice, since observations 

(years of data) from the same patient are not independent and would be expected to be correlated with 

one another. Similarly, patients from the same GP practice may vary less in their risk of hospital 

admission than patients from different practices, due to, for example, regional differences in access to 

community support. Multilevel modelling was originally developed for educational research to account 

for the non-independence of students in the same class or classes within the same school [181]. They 

are also known as mixed effects models because they contain both fixed effects and random effects. I 

used likelihood ratio tests to determine whether it was necessary to account for clustering by GP 

practice, by comparing an empty model (without predictors) with and without the random intercept for 

GP practice. I also used the intraclass correlation coefficient (ICC) to give an indication of the average 

correlation of observations for the same individual and of observations for patients at the same GP 

practice. The ICC could be used for models in which the outcome was binary but not for count 

outcomes.  

2.1.11.2. Objective 2: To describe the reasons for hospital admission in people with parkinsonism 

compared to controls  

Emergency hospital admissions were categorised according to the ‘admimeth’ variable as described in 

section 2.11.3 and admission date restricted to those falling within the study period, 1 January 2010 to 

31st December 2019. For this objective, emergency admissions were restricted to those which were not 

for zero bed day (ZBD) admissions, since ZBDs are said to have less of an impact clinically and financially. 

Since the HES APC file does not include time of admission or discharge, a ZBD was assumed to be one for 

which the discharge date was the same as the admission date. If a hospital spell consisted of multiple 
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episodes, the primary diagnosis from the first episode was selected to be the primary diagnosis for that 

admission (Figure 1). If two episodes were identified within a spell which both started on the admission 

date, the episode which had the earliest end date was assumed to be the first episode.  

 

 

 

Figure 1: Episodes and spells in Hospital Episode Statistics patient admission data, showing that an 
inpatient spell may consist of multiple episode. Adapted from Boyd et al. (31) 

 

The primary diagnoses were categorised into common reasons for non-elective admissions in PD 

patients, using lists of ICD-10 codes compiled by Low et al [42] (personal communication, Prof Yoav Ben-

Shlomo, 31st January 2022), which were then further updated and expanded.  An additional subcategory 

of the ‘falls and fractures’ category was created to identify falls, since the existing categories only 

included hip fracture, head injuries and other fractures, and falls requiring hospital admission are 

clinically significant even if they do not result in a major injury. Gastrointestinal bleeding was added as a 

subcategory to the gastrointestinal disorders category. A category was created for respiratory 
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presentations, which included sub-categories for chronic obstructive pulmonary disease, asthma and 

bronchiectasis. As per the original authors, these categories were classified into those probably related 

to PD and those unlikely to be related [42]. The list of ICD-10 codes can be found in appendix A.  

Multilevel generalised linear models were used to calculate risk ratios to compare the proportion of all 

admissions which were due to a specific cause in parkinsonism cases versus controls without 

parkinsonism. The generalised linear model (GLM) unifies several statistical models, including linear 

regression, logistic regression and Poisson regression [182]. It includes a link function which allows the 

linear model to be related to the outcome variable and allows for outcome variables which have non-

normal distributions [183]. Use of the GLM allowed me to calculate the absolute risk reduction so that 

this could be presented in addition to the relative risk reduction (odds and rate ratios). Multilevel 

modelling was described in section 2.1.11.1. 

2.1.11.3. Objective 3: To determine the risks and predictors of unplanned hospital attendance 

The data were processed into long format, with one row for each calendar year between 2010- 2019 in 

which a patient was under CPRD follow up for any part of that year, such that each patient had between 

one and a maximum of ten rows of data if they contributed a year of follow-up for each year of the 

study period.  

I used logistic regression, in which the outcome was admission or not in a given calendar year, to model 

the odds of admission (for all causes and specifically for pneumonia, urinary tract infection (UTI) and 

fall/fracture/head injury) or ED attendance for each potential predictor in turn.  As described in section 

2.1.11.1, multilevel models were used to account for clustering by patient and practice. As described in 

section 2.1.11.1, I also used negative binomial regression in which the count of emergency admissions or 

ED attendances was the outcome.  

In the regression models, categorical variables were first treated as indicator variables and then, if the 

coefficients showed an apparent linear pattern, they were used as continuous or ordinal variables 

thereafter. This was reported as a p-value for trend. I used likelihood ratio tests to explore potential 

interactions and the marginsplot command to visualise any effect modification based on my a priori 

beliefs that duration of parkinsonism may interact with age and/or multimorbidity, such that increasing 

duration may have less of an impact on unplanned hospital attendance in patients who are older or 

have a greater number of comorbidities. I also wanted to determine if the effect of age, duration and 

number of comorbidities on risk of admission differed between men and women, although I was 

agnostic as to whether an interaction, if present, would be positive or negative for men.   
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2.1.12.3.1 Directed acyclic graph  

To help understand the potential causal or non-causal associations, I developed a directed acyclic graph 

(DAG) using the DAGitty software [184] in order to visually represent the relationships between the 

variables and to determine which were potential confounders (or mediators) when estimating the effect 

of an exposure on an outcome, so that confounding variables could be conditioned on in subsequent 

multivariable analyses (Figure 2).  Severity of parkinsonism is shown here as an unmeasured variable 

(light grey) which is associated with duration of parkinsonism and number of PD drug classes, for which 

data are available, and hence used as proxy markers. The outcome, hospital admission/ED attendance, is 

shown in blue. Although, there are different possible DAGs which could be used to represent the 

possible association, here I am describing one possible framework based on my interpretation of the 

literature.  

In the general population, it is known that age, social deprivation and morbidity level are predictors of 

hospital admission [57].  These relationships are shown in the DAG as arrows from these variables to 

hospital admission/ED attendance. Comorbidities tend to accumulate with age [185] so at least some of 

the effect of age on risk of admission is likely mediated by comorbidity. Living in an urban area has been 

found to be associated with an increased risk of some causes of admission, such as asthma and COPD 

[186], so this potential association was included in the diagram. Deprivation may predict rural-urban 

status, as well as being associated with increased risk of admission, so was identified as a potential 

confounder of the effect of rural-urban status on risk of admission. A higher prevalence of 

multimorbidity has been noted in patients from urban areas, compared to those from rural areas, shown 

in the DAG as an arrow from rural-urban to multimorbidity, as well as an association between greater 

deprivation and multimorbidity [185]. It is also plausible that older individuals may relocate at 

retirement, for example from an urban to a rural location, which is shown by an arrow from age to rural-

urban status, which could confound any association between rural-urban status and admission/ED 

attendance.    

During the development and validation of the Predicting Emergency Admissions Over the Next Year 

(PEONY) algorithm, intended to predict emergency admission in individuals over 40 years, male gender 

was identified to be a strong predictor [62], so the effect of gender on risk of admission was included in 

the DAG. Previous studies have found a higher rate of admission amongst nursing and residential home 

residents compared to community-dwelling individuals [187, 188]. Since age, increasing comorbidities 

and parkinsonism duration likely contribute towards care home admission, and are themselves 



65 
 

predictors of admission, they potentially confound the relationship between care home status and 

unplanned hospital attendance.  Additionally, gender may be directly associated with care home status 

(as well as having an effect via age as a mediator since females have a higher life expectancy), because 

older females are more likely to live alone [189], which may contribute to the need for care home 

admission.  

 

Figure 2: Directed acyclic graph to illustrate the relationship between the potential predictor variables 
(shown in dark grey), some of which act as confounders/mediators of specific associations, and hospital 
admission/ED attendance as the outcome (shown in blue). PD severity is an unmeasured variable shown 
here in light grey.  

 

 

2.1.12.3.2 Modelling strategy  

For each outcome (emergency hospital admission, ED attendance, emergency admission for pneumonia, 

UTI and fall/fracture/head injury), I first ran a simple model looking at the effect of each potential 

predictor on the outcome, adjusting only for study year. Study year is a potential confounder since 

hospital admissions and ED attendances have risen over this period in the general population [190] and 
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study year is also expected to be associated with, for example, age, disease duration and comorbidities, 

due to rising life expectancy over time.  

I then ran a model in which I sequentially adjusted for each of the variables necessary to estimate the 

total effect of three exposures (rural-urban status, care home status, parkinsonism duration) on the 

odds of hospital admission/ED attendance, informed by the DAG described in section 2.1.12.3.1. The 

total effect refers to the causal effect of an exposure on the outcome after adjusting for potential 

confounders. For example, to estimate the total effect of rural-urban status on odds of emergency 

admission/ED attendance, the minimal sufficient adjustment variables to estimate the total effect were 

age and deprivation. To estimate the total effect of care home status on emergency admission/ED 

attendance, it was necessary to adjust for age, comorbidities, gender and parkinsonism duration. 

However, to estimate the effect of gender on odds of emergency admission/ED attendance, no 

adjustment was needed since none of the included variables are associated with gender and with the 

outcome. Similarly, in the DAG, there are no potential confounding variables for the association 

between deprivation and admission/ED attendance.  

2.1.12.3.3 Absolute risk of admission/ED attendance  

Mixed effects GLMs were used to produce the model-predicted probability of hospital admission in 

patients (using the margins command in Stata), together with 95% confidence intervals, according to 

gender, age group, duration of parkinsonism and multimorbidity score, and taking into account 

interactions which had been identified. Parkinsonism duration and multimorbidity score were re-

categorised to simplify the resulting risk prediction matrix and provide more precise estimates: duration 

of parkinsonism into three groups (0-2, 2-5, 5+ years) and multimorbidity score into (0/1/2 conditions, 

3/4 conditions, 5+ conditions). This allowed me to create a table to display the model-predicted 

probability of admission in patients with parkinsonism with different characteristics, since these 

absolute risks are more relevant to clinicians and patients than the relative effects estimated by the 

odds ratios.  
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2.2 Results 
 

2.2.1 Study sample  
There were 21,792 patients with parkinsonism in the raw CPRD GOLD dataset, of whom one patient was 

dropped as they were identified to have a death date before the study start of 1st January 2010 (Figure 

3). 33 patients were dropped from the sample due to having no data within the therapy files and 136 

due to having a derived censor date before the derived index date, which suggested a likely data error 

and made the period for which they were under CPRD follow-up unclear. 41 patients who had an age 

under 35 years on the date of the first parkinsonism diagnostic code were dropped. 12,391 had no HES 

linkage so could not be included, leaving a final sample of 9,189 patients with parkinsonism who had 

HES and LSOA linkage available for analysis.  

 

Figure 3: Flowchart of processing of the raw data for patients with parkinsonism to obtain the sample 
with linked data used in the analysis. 
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There were 106,514 controls without parkinsonism in the raw CPRD GOLD dataset, of whom 24 were 

dropped as they were identified to have a death date before 1st January 2010 (Figure 4). A further 10 

were dropped as they had an index date before the censor date, resulting in 106,480 patients, of whom 

61,090 had no linkage data, leaving 45,390 patients with HES linkage for analysis.   

 

Figure 4: Flowchart of processing of the raw data for controls without parkinsonism to obtain the sample 
with linked data used in the analysis. 

The parkinsonism cases were registered at a total of 386 GP practices with regional distribution across 

England as shown in Table 2.  

Table 2: Distribution of the 386 GP practices, at which parkinsonism cases were registered, by region of 
England. 

Region  Number of GP practices in each 
region for case dataset (people 

with parkinsonism) 

North East  9 

North West 66 

Yorkshire and the Humber 13 

East Midlands 10 

West Midlands 43 

East of England 36 

South West 51 

South Central 43 

London 65 

South East Coast 50 
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2.2.2 Follow-up time  
The median duration of CPRD follow-up time for patients with parkinsonism was 836 days (interquartile 

range 371; 1,518). Figure 5 shows the histogram of CPRD follow-up time in days which shows that 

follow-up time was positively skewed. 

 

Figure 5: Histogram of follow-up time in days for patients with parkinsonism 

I examined the reasons for censoring in the 1,220 patients with parkinsonism with less than 6 months of 

follow-up. 440 out of 1,220 (36%) were censored due to death, 400 (33%) due to the last collection date 

for the practice, 101 (8%) due to the study end date and 279 (23%) due to patient transfer out of the 

practice. Of these, only patients with short follow-up time due to transfer out have the potential to bias 

the findings, because patients who were no longer registered at a practice due to, for example, moving 

into a care home may have a systematically increased risk of admission. However, since only a small 

proportion (3%) of the 9,189 patients with parkinsonism have a follow-up time of under 6 months due 

to transfer out, the risk of bias from these patients is low.  
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2.2.3 Objective 1: To describe rates of hospital admission/ED attendance over time and by 

broad region 

2.2.3.1 Rates of emergency admission and emergency department attendance over time  

There were a total of 12,647 emergency admissions during a total of 9,473,712 person days of follow up 

over the study period from 2010 to 2019. The mean rate of emergency admission was 0.49 per person 

year (95% CI 0.48; 0.50). There were a total of 19,794 ED attendances, representing a mean ED 

attendance rate of 0.76 (0.75; 0.77) per person year.  

Table 3 shows the emergency admission rate per person year for each year of the study period. The 

number of person days of follow up peaked in 2013 and then reduced, consistent with the gradual 

transition of GP practices from CPRD GOLD to Aurum as practices have changed software. There was an 

upwards trend in the emergency admission rate over the ten-year study period from 0.40 per person 

year (95% CI 0.38; 0.43) in 2010 to 0.60 (95% CI 0.55; 0.64) in 2019. The ED attendance rate has also 

increased over the study period from 0.56 (0.54; 0.59) in 2010 to 1.14 (1.08; 1.20) in 2019, representing 

a doubling in the rate of ED attendance amongst people with parkinsonism.  

Table 3: Emergency hospital admission and emergency department attendance rates by study year. 

Year  Number of 
patients  

Person days of 
follow up  

Emergency 
admissions 

Emergency 
admission rate per 

person year (95% CI) 

Emergency 
department 
attendances 

ED attendance 
rate per person 

year (95% CI) 

2010 3166 917,403 1015 0.40 (0.38; 0.43) 1418 0.56 (0.54; 0.59) 

2011 3942 1,160,299 1481 0.47 (0.44; 0.49) 2151 0.68 (0.65; 0.71) 

2012 4426 1,306,970 1621 0.45 (0.43; 0.48) 2387 0.67 (0.64; 0.69) 

2013 4596 1,343,639 1709 0.46 (0.44; 0.49) 2605 0.71 (0.68; 0.74) 

2014 4532 1,276,690 1768 0.51 (0.48; 0.53) 2673 0.76 (0.74; 0.79) 

2015 3892 1,075,909 1508 0.51 (0.49; 0.54) 2334 0.79 (0.76; 0.83) 

2016 2919 782,367 1086 0.51 (0.48; 0.54) 1708 0.80 (0.76; 0.84) 

2017 2211 624,607 955 0.56 (0.52; 0.60) 1513 0.88 (0.84; 0.93) 

2018 1852 532,146 763 0.52 (0.49; 0.56) 1595 1.09 (1.04; 1.15) 

2019 1600 453,682 741 0.60 (0.55; 0.64) 1410 1.14 (1.08; 1.20) 

 

The odds ratio of emergency hospital admission amongst patients with parkinsonism rose each year, in 

an approximately linear trend, between 2010 and 2019, such that the odds ratio of admission in 2019 

were over twice the odds ratio of admission in 2010 (OR 2.33; 95% CI 1.96; 2.76) (Table 4). The rate 

ratios show that, in addition to an increase in the odds of any emergency hospital admission, the 

number of admissions per person has also gone up over the study period in a fairly linear fashion.  
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Table 4: Odds ratios by study year for emergency hospital admission, using logistic regression, and rate 
ratios for recurrent hospital admission, using negative binomial regression. 

Study year   Odds ratio (95% CI) for 
emergency hospital admission 

Rate ratio (95% CI) for 
emergency hospital admission 

2010  Reference Reference 

2011  1.24 (1.09 to 1.41) 1.22 (1.10; 1.36) 

2012  1.38 (1.22 to 1.57) 1.33 (1.20; 1.48) 

2013  1.45 (1.28 to 1.65) 1.50 (1.34; 1.67) 

2014  1.57 (1.38 to 1.78) 1.74 (1.56; 1.95) 

2015  1.60 (1.40 to 1.83) 1.85 (1.65; 2.07) 

2016  1.66 (1.44 to 1.92) 1.99 (1.76; 2.26) 

2017  1.79 (1.53 to 2.10) 2.32 (2.03; 2.65) 

2018  1.97 (1.67 to 2.32) 2.34 (2.03; 2.70) 

2019   2.33 (1.96 to 2.76) 2.85 (2.45; 3.30) 

P-value for trend   <0.001 < 0.001 

 

The odds of ED attendance amongst people with parkinsonism also increased throughout the study 

period (Table 5) and to a similar extent to the rise in emergency admissions over the same period (Table 

4). The odds of ED attendance in 2019 were over two times the odds of ED attendance in 2010 (OR 2.31; 

95% CI 1.98; 2.71). By 2019, the rate of ED attendance had increased to over three times the rate in 

2010 (RR 3.25; 95% CI 2.88; 3.67) showing not only are PD patients more likely to attend but the number 

of multiple attendances has increased even more.  

 

Table 5: Odds ratios by study year for emergency department attendance, using logistic regression, and 
rate ratios for recurrent emergency department attendance, using negative binomial regression 

Study year   Odds ratio (95% CI) for 
ED attendance 

Rate ratio (95% CI) for 
ED attendance 

2010  Reference Reference 

2011  1.29 (1.15; 1.45) 1.24 (1.13; 1.36) 

2012  1.44 (1.28; 1.61) 1.33 (1.21; 1.46) 

2013  1.57 (1.40; 1.77) 1.50 (1.37; 1.64) 

2014  1.68 (1.49; 1.88) 1.74 (1.59; 1.92) 

2015  1.69 (1.50; 1.91) 1.86 (1.69; 2.05) 

2016  1.75 (1.53; 1.99) 2.01 (1.81; 2.24) 

2017  1.93 (1.67; 2.22) 2.33 (2.08; 2.61) 

2018  2.14 (1.84; 2.48) 2.92 (2.59; 3.28) 

2019   2.31 (1.98; 2.71) 3.25 (2.88; 3.67) 

P-value for trend   < 0.001 < 0.001 
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2.2.3.2 Rates of emergency admission and emergency department attendance by region  

Table 6 shows the rates of emergency hospital admission and ED attendance for patients with 

parkinsonism over the entire study period, stratified by region of England. Given the uneven distribution 

of CPRD practices, some regions e.g. East Midlands, only have small numbers under observation and 

hence their rates are measured imprecisely. The rate of emergency hospital admission varied from 0.40 

(95% CI 0.38; 0.42) in South Central to 0.67 (95% CI 0.55; 0.81) in East Midlands. The lower 95% 

confidence interval for the rate in East Midlands (0.55) is higher than the upper 95% confidence interval 

for the majority of regions. The ED attendance rate varied to a greater degree from 0.57 (95% CI 0.51; 

0.65) in the North East to 0.95 (95% CI 0.92; 0.99) in London. West Midlands, South East Coast and the 

North West had an ED attendance rate which was higher than the mean ED attendance rate of 0.76 

(0.75; 0.77) per person year. The North East, South West, East England and South Central regions were 

in the lowest four for rates of both hospital admissions and ED attendances.  

Table 6: Emergency hospital admission and emergency department attendance rates by region of 
England. 

Region Number of 
patients 

under follow 
up  

Person 
days of 

follow up 
for region 

Total 
number of 
emergency 
admissions 

Admission rate 
per person year 

(95% CI) 

Total 
number of 

ED 
attendances 

ED attendance 
rate per person 

year 
(95% CI) 

North East  162 166,921 212 0.46 (0.40; 0.53) 262 0.57 (0.51; 0.65) 

North West 1459 1,538,268 2245 0.53 (0.51; 0.56) 3636 0.86 (0.84; 0.89) 

Yorkshire and 
the Humber 

233 208,961 316 0.55 (0.49; 0.62) 484 0.85 (0.77; 0.92) 

East Midlands 95 57,421 105 0.67 (0.55; 0.81) 119 0.76 (0.63; 0.91) 

West Midlands 1280 1,345,715 2030 0.55 (0.53; 0.58) 2885 0.78 (0.75; 0.81) 

East of England 842 812,705 949 0.43 (0.40; 0.45) 1379 0.61 (0.59; 0.65) 

South West 1190 1,496,835 1356 0.45 (0.42; 0.47) 1919 0.63 (0.61; 0.66) 

South Central 1371 1,496,835 1654 0.40 (0.38; 0.42) 2510 0.61 (0.59; 0.64) 

London 1019 998,986 1375 0.50 (0.48; 0.53) 2606 0.95 (0.92; 0.99) 

South East Coast 1538 1,743,156 2405 0.50 (0.48; 0.52) 3994 0.84 (0.81; 0.86) 
ED: Emergency department 
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2.2.4 Objective 2:  To describe the reasons for hospital admission in people with parkinsonism 

compared to controls  

2.2.4.1 Demographics and diagnosis of patients included in analysis  

5,469 (59.5%) patients with parkinsonism included in the analysis were male ( 
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Table 7) and a similar proportion of non-parkinsonism controls were male, as expected since the 

matching process included gender. 7,747 (84.3%) patients with parkinsonism were coded as having 

Parkinson’s Disease at the point that parkinsonism was first coded in the primary care record, 703 (7.7%) 

as Lewy Body dementia and 276 (3.0%) as vascular parkinsonism. 5,833 (63.5%) patients with 

parkinsonism and 28,742 (63.4%) non-parkinsonism controls were in the lowest five deciles of 

deprivation. 7,632 (83.1%) and 37,649 (83.0%) cases and controls respectively were categorised as rural 

according to the postcode of their GP practice.  
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Table 7: Non time-varying characteristics of n = 9189 patients with parkinsonism and 45,390 patients 

without parkinsonism included in analysis 

Characteristic  Parkinsonism cases 
n (%) 

Non-parkinsonism controls 
n (%) 

Gender  
Male 

Female 
 

 
5,469 (59.5) 
3,720 (40.5) 

 
26,934 (59.3) 
18,456 (40.7) 

Type of parkinsonism first coded  
Parkinson’s disease 
“Paralysis agitans” 

Parkinsonism 
Lewy Body Dementia 

Progressive supranuclear palsy 
Multiple system atrophy 

Corticobasal degeneration 
PD dementia 

Cerebral degeneration in PD 
Vascular parkinsonism 

 

 
7,747 (84.3) 

121 (1.3) 
4 (0.04) 

703 (7.7) 
172 (1.9) 
64 (0.7) 
21 (0.2) 
79 (0.9) 
2 (0.02) 

276 (3.0) 

 
N/A 

Index of multiple deprivation score*  
1 (least deprived) 

2 
3 
4 
5 
6 
7 
8 
9 

10 (most deprived) 

 
1,317 (14.3) 
1,213 (13.2) 
1,120 (12.2) 
991 (10.8) 

1,192 (13.0) 
905 (9.9) 
699 (7.6) 
705 (7.7) 
561 (6.1) 
479 (5.2) 

 
6,741 (14.9) 
5,853 (12.9) 
5,534 (12.2) 
5,106 (11.3) 
5,508 (12.1) 
4,259 (9.4) 
3,696 (8.2) 
3,385 (7.5) 
2,786 (6.1) 
2,495 (5.5) 

 

Rural-urban status (of GP practice)  
Rural 

Urban 

 
7,632 (83.1) 
1,557 (16.9) 

 
37,649 (83.0) 
7,741 (17.1) 

 
*Of 45,390 non-parkinsonism controls, 27 do have data available for IMD (parkinsonism cases without LSOA 
linkage were dropped from analysis but non-parkinsonism controls without LSOA linkage were retained since 
IMD is not required for objective 2 which uses non-parkinsonism controls) 
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988 out of 2,678 (37%) patients diagnosed with parkinsonism before 1st January 2010 and 1448 out of 

6511 (22%) of patients diagnosed on or after 1st January 2010 died during the follow-up period. The 

mean age of patients at point of censoring was 77.4 years for patients with prevalent parkinsonism at 

the start of the study period and 77.0 years for patients diagnosed on or after the start of the study 

period (Table 8). On the censor date, the median duration of parkinsonism was 8.7 years for patients 

with prevalent PD at the start of the study and 2.0 years for cases diagnosed with parkinsonism after 1st 

January 2010. When the date of first prescription for PD medication was taken into account, for the 

1041 (11%) of patients for whom this had been prescribed more than 90 days before the first diagnostic 

code for parkinsonism, the median derived duration of parkinsonism at the start of the last year of 

follow-up was slightly higher (median 8.9, IQR 6.0, 12.7 years for patients with first parkinsonism code 

before 1st January 2010 and median 2.2 years, IQR 1.0; 4.0 for patients with first diagnostic code on or 

after 1st January 2010). The parkinsonism duration which accounted for date of first medication 

prescription was used in subsequent analyses. 669 patients (7.3%) had one or more codes indicating 

residence in a care home. 8,492 (92.4%) patients were categorised as having 2 or more conditions 

according to the Cambridge Multimorbidity Score. Figure 6 shows the distribution of Cambridge 

Multimorbidity Scores for patients included in the analysis  
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Table 8: Time-varying characteristics of n = 9189 patients included in analysis, at the point of censoring, 
stratified by patients diagnosed before or after 1 January 2010 

Characteristic Patients diagnosed with 
parkinsonism before 1st 
January 2010 (n = 2,678) 

n (%) 

Patients diagnosed with 
parkinsonism on or after 1st 
January 2010 (n = 6,511) 

n (%) 

Age (years) 
Mean (SD) 

 
35- 64 
65- 74 
75- 84 

85+ 
 

 
77.4 (8.9)  
 
257 (9.6) 
685 (25.6) 
1,204 (45.0) 
532 (19.9) 

 
77.0 (9.8) 
 
754 (11.6) 
1,677 (25.8) 
2,712 (41.7) 
1,368 (21.0) 

Duration of parkinsonism (based 
on date of first parkinsonism code) 

Median (IQR) 
 

< 1 
1 to 2.5 
2.5 to 5 
5 to 10 

10+ 
 

 
 
8.7 (5.9; 12.5) 
 
34 (1.3) 
139 (5.2) 
417 (15.6) 
1,098 (41.0) 
990 (37.0) 

 
 
2.0 (0.9; 3.6) 
 
2,681 (41.2) 
1,755 (27.0) 
1,477 (22.7) 
598 (9.2) 
0 (0.0) 

Cambridge Multimorbidity Score  
0 or 1 conditions 

2 conditions 
3 conditions 
4 conditions 
5 conditions 
6 conditions 

7+ conditions 
 

 
161 (6.0) 
286 (10.7) 
426 (15.9)                          
481 (18.0) 
486 (18.2) 
348 (13.0) 
490 (18.3) 

 
536 (8.2) 
877 (13.5) 
1,116 (17.1) 
1,054 (16.2) 
942 (14.5) 
752 (11.6) 
1,234 (19.0) 

Care home status  
Resident in care home 

Not resident in care 

 
295 (11.0) 
2,383 (89.0) 

 
374 (5.7) 
6,137 (94.3) 

Number of PD medication classes  
0 
1 
2 
3 
4 
5 
6 

 

 
266 (9.9) 
1,144 (42.7) 
764 (28.5) 
393 (14.7) 
98 (3.7) 
12 (0.5) 
1 (0.04) 

 
2,032 (31.2) 
3,374 (51.8) 
883 (13.6) 
185 (2.8) 
33 (0.5) 
4 (0.1) 
0 (0.0) 
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Figure 6: Histogram of Cambridge Multimorbidity Score in the last year of follow-up for patients with 
parkinsonism included in analysis. 

 

2.2.4.2 Reasons for emergency hospital admission in cases and controls  

6,027 out of 9,190 (65.6%) parkinsonism cases and 31,212 out of 45,390 (68.8%) controls eligible for 

inclusion and with HES linkage had one or more emergency admissions during the study period. 64.1% 

of emergency admissions for cases and 54.7% for controls were categorised into one of the nine groups 

(Table 9). The remaining emergency admissions consisted of multiple diagnostic codes each occurring at 

very low frequencies. Infection accounted for the greatest proportion of emergency admissions in both 

parkinsonism cases and controls without parkinsonism (23.6% and 19.2% respectively). Falls and 

fractures accounted for 11.8% of emergency admissions in cases and 7.1% in controls.  
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Table 9: Primary diagnoses for emergency hospital admissions categorised into primary categories and 
stratified by parkinsonism cases and controls without parkinsonism. 

  n (% of all admissions)  

 Category  Parkinsonism cases Non-parkinsonism 
controls 

Infection  2,512 (23.6) 8,589 (19.2) 

Neuropsychiatric   389 (3.7) 758 (1.7) 

BP problems   596 (5.6) 1,975 (4.4) 

Falls and fractures  1,261 (11.8) 3,149 (7.1) 

Cardio-circulatory   781 (7.3) 6,273 (14.0) 

Gastrointestinal problems   462 (4.3) 2,006 (4.5) 

Respiratory  84 (0.8) 850 (1.9) 

Genitourinary   187 (1.8) 829 (1.9) 

PD/PD dementia   559 (5.2) 18 (0.0) 

Not categorised   3,831 (35.9) 20,218 (45.3) 
PD: Parkinson’s Disease  

 

 

5,500 (80.5%) admissions for cases with parkinsonism were categorised as likely relating to PD (Table 

10). The most common sub-category of reason for hospital admission in people with parkinsonism and 

controls was pneumonia. For parkinsonism cases, this was then followed by UTI, cardiac-related, 

parkinsonism itself and hip fracture. UTI was twice as common in cases compare to controls (RR 2.1; 

95% CI 1.9; 2.3); admissions due to hip fracture and pneumonia were also more common amongst cases 

(RR 1.6; 95% CI 1.4; 1.9 and RR 1.2; 95% CI 1.1; 1.3 respectively), whilst cardiac-related admissions were 

less common in cases than controls (RR 0.4; 95% CI 0.4; 0.5), as were admissions due to stroke, TIA, 

COPD, acute renal failure, upper gastrointestinal bleed and nausea/vomiting. Other causes of admission 

which were less common overall, but likely related to parkinsonism and more common in cases than in 

controls, were hallucinations, (RR 7.1; 95% CI 3.8; 13.2), falls, old age without mention of psychosis, 

orthostatic hypotension, dysphagia, constipation and head injuries.   
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Table 10: Emergency admissions, excluding zero bed day admissions, categorised into reasons and likely 
relationship to PD, in parkinsonism cases and controls. 

Categories   Relation to 
parkinsonism   

Sub-categories  n (% of all admissions)  Risk ratio  
(95% CI) PD cases Controls 

Parkinson’s disease   Probably 
related   

PD/ Dementia in PD  559 (5.2) 0* (0.0) N/A 

Infections  UTI   910 (8.5) 2,081 (4.7) 2.1 (1.9; 2.3) 

Pneumonia   1,317 (12.4) 5,151 (11.5) 1.2 (1.1; 1.3) 

Septicaemia  182 (1.7) 751 (1.7) 1.1 (0.9; 1.3) 

Cellulitis  103 (1.0) 606 (1.4) 0.7 (0.6; 1.0) 

Neuropsychiatric 
disorders   

Old age without mention 
of psychosis 

127 (1.2) 199 (0.5) 3.0 (2.3; 3.9) 

Disorientation  167 (1.6) 389 (0.9) 1.9 (1.5; 2.3) 

Delirium   68 (0.6) 154 (0.3) 1.9 (1.4; 2.6) 

Hallucinations  27 (0.3) 16 (0.0) 7.1 (3.8; 13.2) 

Problems relating to 
blood pressure   

Syncope and collapse  251 (2.4) 909 (2.0) 1.2 (1.0; 1.4) 

Orthostatic hypotension  147 (1.4) 237 (0.5) 2.7 (2.1; 3.5) 

Hypotension  17 (0.2) 54 (0.1) 1.3 (0.8; 2.3) 

Acute renal failure   107 (1.0) 621 (1.4) 0.7 (0.6; 0.9) 

Volume depletion  74 (0.7) 154 (0.3) 2.1 (1.5; 2.8) 

Falls and fractures   Hip fracture  428 (4.0) 1,190 (2.7) 1.6 (1.4; 1.9) 

Head injuries   220 (2.1) 558 (1.3) 1.7 (1.4; 2.0) 

Other fracture  179 (1.7) 700 (1.6) 1.1 (0.9; 1.3) 

Falls 434 (4.1) 701 (1.6) 3.0 (2.6; 3.5) 

Gastrointestinal 
disorders   

Constipation  146 (1.4) 360 (0.8) 1.7 (1.4; 2.1) 

Dysphagia  37 (0.4) 75 (0.2) 2.3 (1.5; 3.5) 

Unlikely to be 
related   

Gastroenteritis   148 (1.4) 687 (1.5) 0.9 (0.7; 1.1) 

Nausea and vomiting   29 (0.3) 203 (0.5) 0.6 (0.4; 0.9) 

Upper GI bleed 102 (1.0) 681 (1.5) 0.6 (0.5; 0.8) 

Respiratory COPD  51 (0.1) 620 (1.4) 0.3 (0.2; 0.4) 

Asthma 18 (0.2) 134 (0.3) 0.6 (0.3; 1.1) 

Bronchiectasis 15 (0.1) 96 (0.2) 1.0 (0.3; 3.1) 

Cardiovascular 
disorders  

Cardiac-related  598 (5.6) 4,919 (11.0) 0.4 (0.4; 0.5) 

Stroke  127 (1.2) 1,049 (2.4) 0.4 (0.4; 0.6) 

TIA  58 (0.5) 305 (0.7) 0.8 (0.5; 1.0) 

Genitourinary and 
renal disorders  

Urinary retention  86 (0.8) 375 (0.8) 1.0 (0.7; 1.3) 

Complications with 
catheter   

48 (0.5) 141 (0.3) 1.5 (1.0; 2.2) 

Haematuria  53 (0.5) 313 (0.7) 0.7 (0.5; 1.0) 

Other  (All other admissions)  3,831 (35.9) 20,218 (45.3) N/A 
PD: Parkinson’s Disease; UTI: Urinary Tract Infection; GI: gastrointestinal; COPD: Chronic Obstructive Pulmonary Disease; TIA: 
Transient Ischaemic Attack 

*18 patients without parkinsonism (extracted on the basis of an absence of a diagnostic code for parkinsonism in CPRD) had 
an ICD-10 code indicating admission due to Parkinson’s Disease or Parkinson’s Disease dementia. This suggests a coding error 
in either the primary care (CPRD) or secondary care (HES) record for these individuals or an error in the data extraction 
process.  
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2.2.5 Objective 3: To determine the risks and predictors for unplanned hospital admission  

2.2.5.1 Evaluating the need for a 2-level versus 3-level model 

The ICC results suggested that between 21 to 38% of the variability in the outcome is at the level of 

patients with data for multiple calendar years, whilst only 1- 2% of the variability is at the practice level 

(Table 11). However, the p-values for the likelihood ratio tests, with the exception of the model in which 

emergency admission for UTI is the outcome, suggested strong evidence that the 3-level model results 

in an improvement in model fit compared to the 2-level model.  Overall, the likelihood ratio tests 

suggested that there was clustering by practice, as well as by repeated observations for the same 

patient, and all subsequent models were therefore run as 3-level models.  

 

Table 11: Results of likelihood ratio tests to compare the 2-level and 3-level models, together with 
intraclass correlation coefficients for the patient and practice levels. 

 Binary outcome Count outcome 

 Emergency 
hospital 
admission 

Emergency 
department 
attendance 

Emergency 
admission 
for 
pneumonia 

Emergency 
admission 
for UTI 

Emergency 
admission 
for fall 
/fractures 
/head injury 

Emergency 
hospital 
admission 

Emergency 
department 
attendance 

 P-value for 
likelihood ratio 
test for 2-level 
model nested 
within 3-level 
model 

< 0.001 < 0.001  0.004 0.172 0.002 < 0.001 < 0.001 

Intraclass 
correlation 
coefficient 

Practice level 
Patient level 

 
 
 
0.010 
0.257 

 
 
 
0.022 
0.225 

 
 
 
0.018 
0.370 

 
 
 
0.010 
0.379 

 
 
 
0.019 
0.206 

 
 
 
N/A 

 
 
 
N/A 

 

2.2.5.2 Predictors of all cause emergency hospital admission  

Table 12 shows odds ratios for potential predictors of emergency hospital admission, using logistic 

regression where the outcome was emergency hospital admission or not in a given calendar year and 

adjusting only for study year (treated as a continuous variable given the previously shown linear 

association with emergency admission). The gender of the patient with parkinsonism was not associated 

with the odds of emergency admission. The odds of admission increased linearly with increasing age, 

duration of parkinsonism and multimorbidity score. Patients aged 85 years and over had almost six 
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times the odds of emergency admission compared to patients with parkinsonism aged 35- 64 years (OR 

5.85; 95% CI 5.08; 6.74). Duration of parkinsonism of ten years or more was associated with a doubling 

of the odds of admission compared to patients with less than one year of parkinsonism (OR 2.18; 95% CI 

1.92; 2.48). There was no clear association between increasing count of PD medication classes, used as a 

proxy for severity of idiopathic PD, and emergency admission.  Worsening level of deprivation was 

associated with increased odds of emergency admission whilst registration with a GP practice in a rural 

location was associated with 21% reduced odds of admission (OR 0.79; 95% CI 0.70; 0.89). Similar results 

were obtained for the negative binomial regression models where the outcome was the count of 

hospital admissions.  
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Table 12: Odds ratios for predictors of emergency hospital admission using logistic regression and rate 
ratios for predictors of repeated emergency hospital admission using negative binomial regression 
(simple model, adjusting only for study year).  

Predictor  Odds ratio; 
95% CI 

P-value/p-
value for 

trend 

Rate ratio; 
95% CI 

P-value/p-
value for 

trend 

Gender  
Male 

Female  

 
Ref 

1.01 (0.93; 1.09) 

 
0.899 

 
Ref 

0.99 (0.92; 1.07) 

 
0.762 

Age (years) 
35-64 
65-69 
70-74 

75- 79 
80- 84 

85+ 

 
Ref 

1.42 (1.23; 1.64) 
2.07 (1.80; 2.37) 
3.19 (2.79; 3.64) 
4.53 (3.96; 5.17) 
5.85 (5.08; 6.74) 

 
< 0.001* 

 
Ref 

1.32 (1.16; 1.50) 
2.03 (1.79; 2.30) 
3.07 (2.72; 3.47) 
4.40 (3.90; 4.98) 
6.05 (5.32; 6.89) 

 
< 0.001 

Duration of parkinsonism 
(years) 

<1 
1-2.5 
2.5-5 
5-10 
10+ 

 

 
 

Ref 
1.28 (1.17; 1.40) 
1.53 (1.40; 1.67) 
1.71 (1.55; 1.89) 
2.18 (1.92; 2.48) 

 
 

< 0.001* 

 
 

Ref 
1.03 (0.96; 1.11) 
1.23 (1.13; 1.33) 
1.43 (1.30; 1.56) 
1.81 (1.61; 2.03) 

 
< 0.001 

Cambridge multimorbidity 
score  

0/1 
2 
3 
4 
5 
6 

7+ 

 
 

Ref 
1.45 (1.23; 1.70) 
2.08 (1.78; 2.43) 
3.02 (2.59; 3.52) 
3.59 (3.07; 4.20) 
4.33 (3.68; 5.10) 
5.62 (4.80; 6.57) 

 
 

< 0.001* 

 
 

Ref 
1.29 (1.12; 1.49) 
1.87 (1.62; 2.15) 
2.51 (2.19; 2.89) 
3.06 (2.65; 3.52) 
3.63 (3.13; 4.20) 
4.58 (3.97; 5.29) 

 
< 0.001 

Care home status  
Not in a care home 

Care home resident 

 
Ref 

1.29 (1.10; 1.51) 

 
0.002 

 
Ref 

1.23 (1.06; 1.42) 

0.005 

Count of PD medication classes 
0 
1 
2 
3 

4+  
 

 
Ref 

1.15 (1.06; 1.25) 
1.11 (1.00; 1.23) 
1.39 (1.20; 1.60) 
1.10 (0.86; 1.42) 

 
0.001* 

 
Ref 

0.92 (0.86; 0.99) 
0.85 (0.78; 0.94) 
0.95 (0.84; 1.08) 
0.87 (0.70; 1.08) 

 
0.017 

Deprivation level  
1 (least deprived) 

2 
3 

 
Ref 

1.07 (0.92; 1.24) 
1.12 (0.96; 1.31) 

 
< 0.001* 

 
Ref 

1.09 (0.94; 1.26) 
1.15 (0.99; 1.33) 

 
< 0.001 
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Predictor  Odds ratio; 
95% CI 

P-value/p-
value for 

trend 

Rate ratio; 
95% CI 

P-value/p-
value for 

trend 

4 
5 
6 
7 
8 
9 

10 (most deprived) 

1.12 (0.95; 1.31) 
1.36 (1.17; 1.59) 
1.30 (1.10; 1.53) 
1.40 (1.17; 1.67) 
1.72 (1.44; 2.05) 
1.70 (1.41; 2.05) 
1.82 (1.49; 2.22) 

1.10 (0.94; 1.28) 
1.34 (1.15; 1.55) 
1.33 (1.14; 1.55) 
1.38 (1.6; 1.63) 

1.74 (1.48; 2.06) 
1.63 (1.36; 1.94) 
1.87 (1.55; 2.26) 

Rural-urban status  
Urban 
Rural 

 
Ref 
0.79 (0.70; 0.89) 

 
< 0.001  

 
Ref 
0.77 (0.68; 0.87) 

 
< 0.001  

*P-values for trend  

 

After adjusting for age, a potential confounder since patients with longer duration of parkinsonism may 

also be older, only attenuated the observed association slightly in patients with 2.5+ years duration 

(Table 13).  

 

Table 13: Odds ratios for the association between duration of parkinsonism (in years) and emergency 
hospital admission, adjusting for study year and then additionally for age. 

Predictor Adjusting only for study year Adjusting for study year and age 
(years) 

OR (95% CI) p-value OR (95% CI) p-value 

Duration of 
parkinsonism 
(years) 

<1 
1-2.5 
2.5-5 
5-10 
10+ 

 

 
 
 

Ref 
1.28 (1.17; 1.40) 
1.53 (1.40; 1.67) 
1.71 (1.55; 1.89) 
2.18 (1.92; 2.48) 

 
 
 

< 0.001 

 
 
 

Ref 
1.28 (1.17; 1.39) 
1.50 (1.37; 1.64) 
1.63 (1.48; 1.80) 
2.03 (1.80; 2.29) 

 
 
 

< 0.001 

 

There appears to be no association between care home residence and hospital admission after 

conditioning on age or multimorbidity score (in addition to study year) and only weak evidence for an 

association after adjusting for duration of parkinsonism (Table 14). After adjusting for age, duration of 

parkinsonism, multimorbidity score and gender, there is modest evidence that the odds of hospital 

admission are reduced by between 2 to 28% with 95% confidence in care home residents (OR 0.84; 95% 

CI 0.72; 0.98).  
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Table 14: Odds ratios for the association between care home status and emergency hospital admission, 
adjusting for study year in all cases and additionally for age, multimorbidity score, gender and duration 
of parkinsonism. 

Predictor  OR (95% CI) p-value  

Care home status  
Not in a care home 

Care home resident 

 
Ref 

1.29 (1.10; 1.51) 

 
0.002 

Care home resident, adjusting for age 1.03 (0.88; 1.20) 0.72 

Care home resident, adjusting for duration 
of parkinsonism 

1.18 (1.00; 1.38) 0.046 

Care home resident, adjusting for 
multimorbidity 

1.01 (0.87; 1.18) 0.86 

Care home resident, adjusting for gender  1.29 (1.10; 1.51) 0.002 

Care home resident, adjusting for age, 
duration of parkinsonism, multimorbidity 
and gender  

0.84 (0.72; 0.98) 0.026 

 

The observed association between registration with a GP practice in a rural area is essentially 

unchanged after adjusting for age and only slightly attenuated after adjusting for deprivation level 

(Table 15). After adjusting for age and deprivation level, rural area is associated with an 18% reduced 

odds of emergency admission (OR 0.82; 95% CI 0.73; 0.92).  

Table 15: Odds ratios for the association between rural-urban status and emergency hospital admission, 
adjusting for study year in all cases and additionally for age and deprivation. 

Predictor/covariates OR (95% CI) p-value  

Rural-urban status 
Urban 
Rural 

 
Ref 

0.79 (0.70; 0.89) 

 
 

< 0.001 

Urban status, adjusting for age  0.77 (0.68; 0.87) < 0.001 

Urban status, adjusting for deprivation 0.84 (0.74; 0.95) 0.005  

Urban, adjusting for age and deprivation 0.82 (0.73; 0.92) 0.001 
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2.2.5.2.1. Tests of interactions  

There was no evidence of an interaction between gender and duration of parkinsonism or gender and 

multimorbidity score on odds of emergency hospital admission (Table 16). However, there was evidence 

of an interaction between gender and age (p-value = 0.01). After the age of 75 years, age had a greater 

effect on the odds of emergency admission in men compared to women (Figure 7). There was also 

strong evidence for an interaction between duration of parkinsonism and both age (p-value = 0.002) and 

multimorbidity score ( p-value < 0.001); disease duration increased odds of emergency admission but, in 

the oldest age group (85+ years), disease duration had relatively less effect, shown by the line for 85+ 

year old patients converging with the line for 80-85 years (Figure 8). Up to 4-5 conditions, there appears 

to be a positive interaction between increasing multimorbidity and disease duration with risk of 

admission rising more steeply with disease duration in patients with increasing comorbidities. In 

patients with the highest number of comorbidities (7+), there is a negative interaction shown by 

increasing duration of parkinsonism having less impact on the odds of hospital admission than in those 

with fewer comorbidities (Figure 9). 
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Table 16: Tests for interactions between variables on odds of emergency hospital admission 

Potential 
interaction 

Main effects OR (95% CI) for main effect; 
p-value 

OR for 
interaction effect 

P-value for 
likelihood 
ratio test 

Gender- age  Gender  
Male 

Female 

 
Ref 
0.93 (0.86; 1.00); p = 0.048 

 
 
0.94 (0.90; 0.99) 

 
 
0.01 

Unit increase in 
age group 

 
1.44 (1.41; 1.47); p < 0.001  
 

Gender- 
duration of 
parkinsonism 

Gender  
Male 

Female 

 
Ref 
0.99 (0.92; 1.07); p=0.834 

 
1.00 (0.95; 1.06) 

 
0.925 

Unit increase in 
duration 

 
1.21 (1.18; 1.24) 

Gender- 
multimorbidity  

Gender  
Male 

Female 

 
Ref 
1.03 (0.96; 1.11); p= 0.449 

 
 
0.99 (0.93; 1.04) 

 
 
0.584 

Unit increase in 
multimorbidity 
score  

 
1.45 (1.41; 1.49); p < 0.001  

Duration of 
parkinsonism-
age  
 

Unit increase in 
duration of 
parkinsonism  

 
1.19 (1.16; 1.22); p < 0.001  

 
 
 
 
Ref 
0.97 (0.88; 1.08) 
0.98 (0.89; 1.08) 
0.96 (0.88; 1.05) 
0.94 (0.85; 1.03) 
0.84 (0.77; 0.93) 

 
 
 
 
0.002 

Age group (years) 
35-64 
65-69 
70-74 
75-79 

80- 84 
85+ 

 
Ref 
1.38 (1.19; 1.60); p < 0.001  
2.03 (1.76; 2.33); p < 0.001 
3.15 (2.75; 3.60); p < 0.001  
4.49 (3.93; 5.15); p < 0.001 
5.85 (5.07; 6.75); p < 0.001  

Duration of 
parkinsonism- 
multimorbidity 
score 
 

Unit increase in 
duration of 
parkinsonism 

 
1.17 (1.14; 1.20); p < 0.001 

 
 
 
 
 
Ref 
1.03 (0.96; 1.12) 
1.03 (0.96; 1.10) 
0.96 (0.88; 1.04) 
0.89 (0.82; 0.96) 

 
 
 
 
 
< 0.001 

Multimorbidity 
score 

0-2 
3 

4-5 
6 

7+ 

 
 
Ref 
1.61 (1.45; 1.80); p < 0.001 
2.50 (2.27; 2.76); p < 0.001 
3.30 (2.92; 3.74); p < 0.001 
4.31 (3.84; 4.83); p < 0.001  
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Figure 7: Predicted mean risk of emergency admission by age group (years) in men and women; p-value 
for likelihood ratio test = 0.010. 
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Figure 8: Predicted mean risk of emergency admission by age group in patients according to duration of 
parkinsonism (years; p-value for likelihood ratio test = 0.002. 
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Figure 9: Predicted mean risk of emergency admission by multimorbidity score in patients according to 
duration of parkinsonism (years; p-value for likelihood ratio test < 0.001. 

 

2.2.5.3 Predictors of all cause emergency department attendance  

 

There was weak evidence of an association between female gender and increased odds of ED 

attendance but no evidence that females had a higher rate of admission (Table 17). There was strong 

evidence for an association between increasing age category and increased odds of ED attendance, 

although this effect was not as marked as for the association between age group and hospital admission 

(OR 3.19; 95% CI 2.83; 3.61 for ED attendance in patients aged 85+ years compared to OR 5.85; 95% CI 

5.08; 6.74 for hospital admission in patients aged 85+ years). As for hospital admission, increasing 

duration of parkinsonism, multimorbidity score, deprivation level were associated with increased odds 

of ED attendance. Rural area was associated with reduced odds of ED attendance, whilst the association 

between care home residence and ED attendance was likely consistent with chance (p 0.058).  
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Table 17: Odds ratios for predictors of emergency department attendance using logistic regression and 
rate ratios for predictors of repeated emergency hospital admission using negative binomial regression 
(simple model, adjusting only for study year) 

Predictor  Odds ratio; 
(95% CI) 

 p-value/p-
value for trend  

Rate ratio;  
(95% CI)  

p-value/p-value 
for trend 

Gender  
Male 

Female  

 
Ref 

1.08 (1.00; 1.16) 

 
0.036 

 
Ref 

1.04 (0.98; 1.11) 

 
0.206  

Age (years) 
35-64 
65-69 
70-74 

75- 79 
80- 84 

85+ 

 
Ref 

1.09 (0.97; 1.24) 
1.51 (1.34; 1.70) 
2.06 (1.84; 2.30) 
2.71 (2.42; 3.04) 
3.19 (2.83; 3.61) 

 
< 0.001* 

 
Ref 

1.03 (0.93; 1.15) 
1.45 (1.31; 1.61) 
1.97 (1.79; 2.17) 
2.61 (236; 2.88) 
3.31 (2.97; 3.68) 

 
< 0.001  

Duration of parkinsonism 
(years) 

<1 
1-2.5 
2.5-5 
5-10 
10+ 

 
 

Ref 
1.35 (1.24; 1.46) 
1.51 (1.39; 1.64) 
1.77 (1.62; 1.94) 
2.36 (2.11; 2.64) 

 
 
< 0.001* 

 
 

Ref 
1.03 (0.96; 1.09) 
1.16 (1.08; 1.23) 
1.37 (1.27; 1.47) 
1.74 (1.58; 1.92) 

 
 
< 0.001  

Cambridge multimorbidity 
score  

0/1 
2 
3 
4 
5 
6 

7+ 

 
 

Ref 
1.37 (1.20; 1.57) 
1.88 (1.65; 2.14) 
2.42 (2.12; 2.77) 
2.85 (2.49; 3.26) 
3.57 (3.10; 4.12) 
4.27 (3.73; 4.90) 

 
< 0.001* 

 
 

Ref 
1.23 (1.09; 1.38) 
1.60 (1.42; 1.79) 
1.98 (1.77; 2.22) 
2.37 (2.11; 2.66) 
2.78 (2.46; 3.13) 
3.41 (3.03; 3.84) 

 
< 0.001  

Care home status  
Not in a care home 

Care home resident 

 
Ref 

1.15 (1.00; 1.34) 

 
0.058  

 
Ref 

1.10 (0.97; 1.25) 

 
0.130  

Count of PD medication 
classes 

0 
1 
2 
3 

4+  

 
 

Ref 
1.23 (1.14; 1.32) 
1.29 (1.18; 1.42) 
1.83 (1.61; 2.08) 
1.70 (1.37; 2.11) 

 
< 0.001* 

 
 

Ref 
0.94 (0.88; 1.00) 
0.95 (0.88; 1.02) 
1.14 (1.03; 1.27) 
1.12 (0.94; 1.34) 

 
0.163  

Deprivation level  
1 (least deprived) 

2 
3 
4 
5 

 
Ref 

1.06 (0.93; 1.22) 
1.10 (0.96; 1.26) 
1.07 (0.93; 1.24) 
1.37 (1.19; 1.58) 

 
< 0.001* 

 
Ref 

1.08 (0.95; 1.22) 
1.13 (0.99; 1.28) 
1.05 (0.92; 1.20) 
1.34 (1.17; 1.52) 

< 0.001  
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Predictor  Odds ratio; 
(95% CI) 

 p-value/p-
value for trend  

Rate ratio;  
(95% CI)  

p-value/p-value 
for trend 

6 
7 
8 
9 

10 (most deprived) 

1.25 (1.07; 1.45) 
1.39 (1.18; 1.63) 
1.67 (1.42; 1.97) 
1.60 (1.35; 1.90) 
1.75 (1.45; 2.10) 

1.25 (1.09; 1.44) 
1.38 (1.19; 1.60) 
1.64 (1.42; 1.90) 
1.53 (1.31; 1.79) 
1.79 (1.51; 2.11) 

Rural-urban status  
Urban 
Rural 

 
Ref 

0.73 (0.64; 0.83) 

< 0.001   
Ref 

0.72 (0.63; 0.81) 

< 0.001  

*P-values for trend 
 

Adjustment for age did not alter the association between duration of parkinsonism and odds/rate of ED 

attendance (Table 18). 

 

Table 18: Odds ratios for the association between duration of parkinsonism (in years) and emergency 
department attendance, adjusting for study year and additionally for age. 

 Adjusting for study year Adjusting for study year and age 
(years) 

OR (95% CI) p-value OR (95% CI) p-value 

Duration of 
parkinsonism 
(years) 

<1 
1-2.5 
2.5-5 
5-10 
10+ 

 

 
 
 

Ref 
1.35 (1.24; 1.46) 
1.51 (1.39; 1.64) 
1.77 (1.62; 1.94) 
2.36 (2.11; 2.64) 

 
 
 
< 0.001 

 
 
 

Ref 
1.35 (1.24; 1.46) 
1.50 (1.38; 1.63) 
1.73 (1.58; 1.89) 
2.27 (2.03; 2.53) 

 
 
 
< 0.001  

 

After adjusting for age, multimorbidity score and duration of parkinsonism, there was strong evidence 

that care home residence was associated with a 20% reduced odds of ED attendance (OR 0.80; 95% CI 

0.69; 0.92).  
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Table 19: Odds ratios for the association between care home status and emergency department 
attendance, adjusting for study year and additionally for age, multimorbidity score and duration of 
parkinsonism. 

Predictor  OR (95% CI) p-value 

Care home status  
Not in a care home 

Care home resident 

 
Ref 

1.15 (1.00; 1.34) 

 
0.058 

Care home status, adjusting for age 0.99 (0.85; 1.14) 0.874 

Care home status, adjusting for duration of 
parkinsonism 

1.06 (0.91; 1.23) 0.463 

Care home status, adjusting for 
multimorbidity score 

0.93 (0.80; 1.07) 0.323 

Care home status, adjusting for gender  1.15 (0.99; 1.33) 0.07 

Care home status, adjusting for age, 
duration of parkinsonism, multimorbidity 
score and gender.  

0.80 (0.69; 0.92) 0.002 

 

The reduced odds of ED attendance were only minimally attenuated after adjusting for age, 

multimorbidity score and deprivation (Table 20). 

Table 20: Odds ratios for the association between rural-urban status and emergency department 
attendance, adjusting for study year and additionally for age and deprivation 

Predictor/covariates OR (95% CI) p-value 

Rural-urban status 
Urban 
Rural 

 
Ref 

0.73 (0.64; 0.83) 

 
< 0.001 

Rural-urban status, adjusting for age  0.72 (0.63; 0.81) < 0.001 

Rural-urban status, adjusting for 
deprivation 

0.77 (0.68; 0.88) < 0.001 

Rural-urban, adjusting for age and 
deprivation 

0.76 (0.67; 0.86) < 0.001 

 

2.2.5.3.1 Tests of interactions  

There was no evidence of an interaction between gender and duration of parkinsonism or gender and 

multimorbidity score on the odds of ED attendance. There was strong evidence of an interaction 

between gender and age group on odds of ED attendance (p-value = 0.001) (Table 21), as was observed 

for odds of emergency hospital admission (Table 16). In the younger age groups, the risk of admission 

was higher in women than men but in the 80- 85 and 85+ year age groups, increasing age had a greater 

effect on risk of admission in men then in women (Figure 10). There was strong evidence for an 

interaction between duration of parkinsonism and both age (p-value < 0.001) and multimorbidity score 
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(p-value < 0.001) (Table 21), and the pattern was similar to that observed for prediction of emergency 

admission (Table 16). Disease duration predicts risk of ED attendance but the effect of disease duration 

was less marked in those in the older age groups (Figure 11). Similarly, the effect of parkinsonism 

duration was less marked in those with increasing number of multimorbidities (Figure 12).  

Table 21: Tests for interactions between variables on odds of emergency department attendance 

Potential 
interaction 

Main effects OR (95% CI) for main effect; 
p-value 

OR for 
interaction 
effect 

P-value for 
likelihood 
ratio test 

Gender- age  Gender  
Male 

Female 

 
Ref 
1.02 (0.95; 1.09); p = 0.60 

 
 
 
0.93 (0.89; 0.97) 

 
 
 
0.001 
 
 

Unit increase in age 
group 

 
1.29 (1.26; 1.32); p < 0.001 

Gender- 
duration of 
parkinsonism 

Gender  
Male 

Female 

 
Ref 
1.06 (0.99; 1.14); p = 0.086 

 
 
0.99 (0.94; 1.04) 

 
 
0.64 

Unit increase in 
duration  

 
1.22 (1.19; 1.25); p < 0.001 

Gender- 
multimorbidity  

Gender  
Male 

Female 

 
Ref 
1.10 (1.03; 1.18); p = 0.005 

 
 
0.96 (0.92; 1.01) 

 
 
0.13 

Unit increase in 
multimorbidity score  

 
1.37 (1.34; 1.40); p < 0.001 

Duration of 
parkinsonism-
age  
 

Unit increase in 
duration  

 
1.21 (1.19; 1.24); p < 0.001 

 
 
 
Ref 
1.05 (0.96; 1.14) 
1.02 (0.95; 1.11) 
0.98 (0.90; 1.05) 
0.96 (0.89; 1.04) 
0.85 (0.79; 0.93) 

 
 
 
 
< 0.001  

Age group (years) 
35-64 
65-69 
70-74 
75-79 

80- 84 
85+ 

 
Ref 
1.06 (0.94; 1.20); p=0.367 
1.46 (1.30; 1.64); p < 0.001 
2.00 (1.79; 2.24); p < 0.001 
2.64 (2.35; 2.95); p < 0.001 
3.13 (2.77; 3.54); p < 0.001  

Duration of 
parkinsonism- 
multimorbidity 
score 
 

Unit increase in 
duration  

 
1.19 (1.17; 1.22); p < 0.001  

 
 
 
Ref 
1.04 (0.97; 1.11) 
0.97 (0.91; 1.02) 
0.92 (0.85; 0.99) 
0.90 (0.84; 0.96) 

 
< 0.001  

Multimorbidity score 
0-2 

3 
4-5 

6 
7+ 

 
Ref 
1.51 (1.37; 1.66); p < 0.001 
2.05 (1.89; 2.24); p < 0.001 
2.80 (2.50; 3.12); p < 0.001  
3.37 (3.04; 3.73); p < 0.001  
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Figure 10: Predicted mean risk of emergency department attendance by age group (years) in men and 
women; p-value for likelihood ratio test = 0.001. 
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Figure 11: Predicted mean risk of emergency department attendance by duration of parkinsonism 
(years), according to age category (years); p-value for likelihood ratio test < 0.001. 
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Figure 12:  Predicted mean risk of emergency department attendance by multimorbidity score  in 
patients according to duration of parkinsonism (years); p-value for likelihood ratio test < 0.001.  

 

2.2.5.4 Predictors of admission for pneumonia, urinary tract infection and falls/fractures/head injuries 

Female gender was associated with a 27% reduction in the odds of admission due to pneumonia (OR 

0.73; 95% CI 0.63; 0.85) and an increased odds of admission due to fall/fracture/head injury (OR 1.45; 

95% 1.28; 1.66) (Table 22). There was no association between gender and the odds of admission for UTI. 

Increasing age was associated with increased odds of admission for pneumonia, UTI and 

fall/fracture/head injury. Age had the strongest effect on odds of fall/fracture/head injury with patients 

aged over 85 years having almost nine times the odds of admission for fall/fracture/head injury than 

individuals aged 35-64 years. Duration of parkinsonism was associated with an increased odds of 

admission for pneumonia and UTI, whilst for fall/fracture/head injury there appears to be a threshold 

effect with an increased odds of admission observed from 10+ years duration. Increasing multimorbidity 

score was associated with increased odds of admission for all three presentations and the effect was 

strongest for pneumonia, followed by UTI. Care home residence was associated with 2.6 times odds of 

admission for pneumonia (OR 2.6; 95% CI 2.01; 3.38) but did not predict admission for UTI or 

fall/fracture/head injury. Rural location was associated with 29% reduced odds of admission for 
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pneumonia (OR 0.71; 95% CI 0.56; 0.91), compared to urban location, but did not predict admission for 

UTI or fall/fracture/head injury. The number of PD medication classes was not found to predict odds of 

admission for any of the three presentations. Increasing deprivation level predicted odds of both 

pneumonia and UTI and this relationship was approximately linear.  

 

Table 22: Odds ratios for predictors of emergency hospital admission due to pneumonia, urinary tract 
infection and fall/fracture/head injury using logistic regression and rate ratios for predictors of repeated 
emergency hospital admission using negative binomial regression (simple model, adjusting only for study 
year) 

Predictor  Reason for hospital admission 

Pneumonia  
 
 

Urinary tract infection 
 

Fall/fracture/ head injury 
 

 OR; 95% CI P-value  OR; 95% CI P-value OR; 95% CI P-value 

Gender  
Male 

Female  
 

 
Ref 

0.73 (0.63; 0.85) 
 

 
< 0.001 

 
Ref 

1.02 (0.86; 1.21) 
 

 
0.822 

 
Ref 

1.45 (1.28; 1.66) 
 

 
< 0.001 

Age (years) 
35-64 
65-69 
70-74 

75- 79 
80- 84 

85+ 

 
Ref 

1.11 (0.78; 1.58) 
1.88 (1.37; 2.56) 
2.59 (1.92; 3.48) 
3.83 (2.85; 5.14) 
6.45 (4.78;8.71) 

 
< 0.001* 

 
Ref 

1.87 (1.20; 2.91) 
2.99 (1.99; 4.49) 
4.93 (3.35; 7.25) 
6.18 (4.20; 9.09) 

7.59 (5.12; 11.24) 

 
< 0.001* 

 
Ref 

2.08 (1.41; 3.08) 
3.51 (2.47; 5.00) 
4.98 (3.55; 6.99) 
7.09 (5.07; 9.93) 

8.76 (6.24; 12.31) 

 
< 0.001* 

Duration of 
parkinsonism 
(years) 

<1 
1-2.5 
2.5-5 
5-10 
10+ 

 

 
 
 

Ref 
1.36 (1.12; 1.66) 
1.62 (1.33; 1.98) 
1.77 (1.43; 2.20) 
1.85 (1.43; 2.41) 

 
< 0.001* 

 
 
 

Ref 
1.42 (1.14; 1.77) 
1.58 (1.27; 1.96) 
1.68 (1.33; 2.12) 
1.39 (1.03; 1.87) 

 
< 0.001*  

 
 
 

Ref 
1.02 (0.85; 1.23) 
1.13 (0.94; 1.35) 
1.20 (0.99; 1.45) 
1.78 (1.45; 2.19) 

 
< 0.001* 

Cambridge 
multimorbidity 
score  

0/1 
2 
3 
4 
5 
6 

7+ 

 
 
 

Ref 
1.63 (1.06; 2.51) 
2.63 (1.75; 3.96) 
3.87 (2.59; 5.77) 
4.83 (3.23; 7.22) 
6.42 (4.26; 9.67) 

9.19 (6.19; 13.66) 

 
< 0.001* 

 
 
 

Ref 
1.97 (1.21; 3.21) 
3.01 (1.89; 4.80) 
3.78 (2.38; 5.99) 
4.53 (2.85; 7.21) 
5.31 (3.30; 8.53) 

7.07 (4.47; 11.19) 

 
< 0.001*  

 
 
 

Ref 
1.17 (0.85; 1.61) 
1.51 (1.12; 2.06) 
1.87 (1.39; 2.53) 
2.03 (1.50; 2.75) 
2.52 (1.84; 3.44) 
2.66 (1.97; 3.57) 

 
< 0.001*  
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Predictor  Reason for hospital admission 

Pneumonia  
 
 

Urinary tract infection 
 

Fall/fracture/ head injury 
 

Care home 
status  

Not in a care 
home 

Care home 
resident 

 
Ref 

2.61 (2.01; 3.38) 

 
< 0.001  

 
Ref 

0.99 (0.68; 1.44) 

 
0.965 

 
Ref 

0.96 (0.70; 1.31) 

 
0.794  

Count of PD 
medication 
classes 

0 
1 
2 
3 

4+ 

 
 
 

Ref 
1.19 (1.01; 1.39) 
1.01 (0.82; 1.25) 
0.92 (0.67; 1.25) 
0.71 (0.40; 1.28) 

 
 
 
0.416* 

 
 
 

Ref 
1.20 (1.00; 1.44) 
0.74 (0.58; 0.96) 
0.87 (0.61; 1.25) 
0.84 (0.45; 1.56) 

 
 
 
0.067* 

 
 
 

Ref 
1.18 (1.02; 1.38) 
1.01 (0.83; 1.23) 
1.33 (1.03; 1.73) 
0.89 (0.54; 1.47) 

 
 
 
0.392* 

Deprivation 
level  

1 (least 
deprived) 

2 
3 
4 
5 
6 
7 
8 
9 

10 (most 
deprived) 

 
Ref 

1.30 (0.98; 1.73) 
1.03 (0.76; 1.39) 
0.99 (0.72; 1.35) 
1.26 (0.93; 1.69) 
1.39 (1.02; 1.89) 
1.23 (0.87; 1.72) 
2.02 (1.47; 2.76) 
1.58 (1.12; 2.23) 
2.08 (1.46; 2.96) 

 
 
< 0.001* 

 
Ref 

1.15 (0.83; 1.59) 
1.09 (0.78; 1.52) 
1.14 (0.81; 1.61) 
1.14 (0.81; 1.58) 
1.23 (0.87; 1.75) 
1.08 (0.73; 1.60) 
1.23 (0.84; 1.80) 
1.80 (1.24; 2.62) 
1.60 (1.06; 2.42) 

 
 
0.004*  

 
Ref 

1.03 (0.80; 1.33) 
1.23 (0.96; 1.58) 
0.95 (0.72; 1.25) 
0.99 (0.76; 1.30) 
1.13 (0.86; 1.49) 
1.24 (0.92 ;1.66) 
1.49 (1.12; 1.97) 
1.11 (0.80; 1.55) 
1.09 (0.77; 1.55) 

 
 
0.081* 

Rural-urban 
status  

Urban 
Rural 

 
Ref 

0.71 (0.56; 0.91) 

0.006  
Ref 

0.85 (0.67; 1.10) 

0.217   
Ref 

0.89 (0.73; 1.10) 

0.280  

*P-values for trend  
 

The association between increasing duration of parkinsonism and odds of emergency admission for 

pneumonia and UTI was unchanged after conditioning on age (Table 23). After adjusting for age, the 

previously observed threshold effect in which the odds of fall/fracture/head injury appeared to increase 

in only those patients with a parkinsonism duration of ten years and over appeared to lower such that 

there was also evidence of a slightly increased odds in those with 5-10 year duration (OR 1.24; 95% CI 

1.03; 1.50).  
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Table 23: Odds ratios for the association between duration of parkinsonism (in years) and emergency 
hospital admission for pneumonia, urinary tract infection and fall/fracture/head injury, adjusting for 
study year and additionally for age. 

Predictor Unadjusted P-value 
for trend  

Adjusting for age 
(years) 

P-value for 
trend 

OR (95% CI) for 
pneumonia 
admission; p-value 

 OR (95% CI) for 
pneumonia admission; 
p-value 

 

 For pneumonia admission 

PD duration 
(years) 

<1 
1-2.5 
2.5-5 
5-10 
10+ 

 

 
 
Ref 
1.36 (1.12; 1.66)  
1.62 (1.33; 1.98) 
1.77 (1.43; 2.20)  
1.85 (1.43; 2.41) 

 
< 0.001  

 
 
Ref 
1.44 (1.18; 1.74) 
1.73 (1.42; 2.11) 
1.86 (1.50; 2.30) 
1.88 (1.45; 2.43) 

 
< 0.001 

 For UTI admission 

PD duration 
(years) 

<1 
1-2.5 
2.5-5 
5-10 
10+ 

 

 
 
Ref 
1.42 (1.14; 1.77) 
1.58 (1.27; 1.96) 
1.68 (1.33; 2.12) 
1.39 (1.03; 1.87) 

 
< 0.001 

 
 
Ref 
1.46 (1.17; 1.81) 
1.63 (1.31; 2.03) 
1.71 (1.36; 2.16) 
1.40 (1.04; 1.88) 

 
< 0.001 

 For falls/fracture/head injury admission 

PD duration 
(years) 

<1 
1-2.5 
2.5-5 
5-10 
10+ 

 

 
 
Ref 
1.02 (0.85; 1.23) 
1.13 (0.94; 1.35) 
1.20 (0.99; 1.45) 
1.78 (1.45; 2.19)  

 
< 0.001 

 
 
Ref 
1.05 (0.88; 1.27) 
1.18 (0.98; 1.41) 
1.24 (1.03; 1.50) 
1.85 (1.51; 2.26) 

 
< 0.001  

 

 

The association between care home residence and increased odds of admission for pneumonia was still 

seen after adjusting for age, multimorbidity score, duration of parkinsonism and gender, although the 

effect was attenuated (Table 24). Where previously there was no observed association between care 

home status and odds of admission for UTI or fall/fracture/head injury, after adjustment for age, 

multimorbidity score, duration of parkinsonism and gender, care home residence was associated with 
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moderate evidence of a 38% reduced odds of admission for UTI (OR 0.62; 95% CI 0.43; 0.91) and strong 

evidence of a 40% reduced odds of admission for fall/fracture/head injury (OR 0.60; 95% CI 0.44; 0.82).  

 

 

Table 24: Odds ratios for the association between care home status and emergency admission for 
pneumonia, urinary tract infection and fall/fracture/head injury, adjusting for study year in all cases and 
additionally for age, duration of parkinsonism, multimorbidity score and gender.  

Predictor/covariates Reason for hospital admission 

Pneumonia 
 
 

UTI 
 

Fall/fracture/ head 
injury 

 

OR (95% CI) p-value  OR (95% CI) p-
value  

OR (95% CI) p-
value  

 
Care home status  

Ref 
2.61 (2.01; 3.38) 

 
< 0.001 

Ref 
0.99 (0.68; 1.44) 

 
0.97 

Ref 
0.96 (0.70; 1.31) 

 
0.79 

Care home status, 
adjusting for age 

 
2.01 (1.55; 2.61) 

 
< 0.001  

 
0.75 (0.52; 1.09) 

 
0.127 

 
0.71 (0.52; 0.96) 

 
0.025 

Care home status, 
adjusting for 
duration of 
parkinsonism 

 
2.45 (1.87; 3.21) 

 
< 0.001  

 
0.92 (0.63; 1.35) 

 
0.67 

 
0.89 (0.65; 1.22) 

 
0.46 

Care home status, 
adjusting for 
multimorbidity score 

 
1.94 (1.50; 2.51) 

 
< 0.001 

 
0.78 (0.53; 1.13) 

 
0.19 

 
0.81 (0.60; 1.11) 

 
0.19 

Care home status, 
adjusting for gender 

2.70 (2.08; 3.50) < 0.001 0.99 (0.68; 1.44) 0.96 0.92 (0.67; 1.25) 0.59 

Care home status, 
adjusting for age, 
duration of 
parkinsonism, 
multimorbidity score 
and gender 

 
1.67 (1.28; 2.17) 

 
< 0.001 

 
0.62 (0.43; 0.91) 

 
0.015 

 
0.60 (0.44; 0.82) 

 
0.001 

 

The association between rural location and reduced odds of pneumonia admission found from the 

simple logistic regression, adjusting only for study year, remained after adjustment for age and 

deprivation, and the odds ratio was only minimally attenuated (Table 25). Rural location did not predict 

admissions for UTI or fall/fracture/head injury after adjustment for potential confounders.  
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Table 25: Odds ratios for the association between rural-urban status and emergency admission for 
pneumonia, urinary tract infection and fall/fracture/head injury, adjusting for study year in all cases and 
additionally for age and deprivation. 

Predictor/covariates Reason for hospital admission 

Pneumonia UTI Fall/fracture/head injury 

OR (95% CI) p-
value  

OR (95% CI) p-
value  

OR (95% CI) p-
value  

Rural-urban status Ref 
0.71 (0.56; 0.91) 

 
0.006 

Ref 
0.85 (0.67; 1.10) 

 
0.217 

 
0.89 (0.73; 1.10) 

 
0.280 

Rural-urban status, 
adjusting for age  

 
0.69 (0.55; 0.87) 

 
0.002 

 
0.83 (0.65; 1.05) 

 
0.127  

 
0.86 (0.70; 1.06) 

 
0.156  

Rural-urban status, 
adjusting for 
deprivation 

 
0.74 (0.59; 0.94) 

 
0.012 

 
0.87 (0.68; 1.12) 

 
0.277 

 
0.88 (0.71; 1.09) 

 
0.246 

Rural-urban, 
adjusting for age 
and deprivation 

 
0.73 (0.58; 0.93) 

 
0.009 

 
0.86 (0.67; 1.10) 

 
0.22 

 
0.87 (0.71; 1.08) 

 
0.203 

 

 

2.2.5.4.1 Test of interactions  

 

The odds ratios for the main effects showed strong evidence that female gender was associated with 

reduced odds of admission for pneumonia, after adjusting for age group, and that increase in age group 

was associated with increased odds of pneumonia admission, after adjusting for gender (Table 26). 

Additionally, there was evidence of a negative interaction between gender and age group on the odds of 

admission for pneumonia (p = 0.01). Age group has a similar effect on the odds of pneumonia in the 

younger age groups but, above age 75 years, men have a higher risk of pneumonia admission than 

women in the same age group and this difference is most marked in the 85+ age group (Figure 13).  

There was no evidence that parkinsonism duration or multimorbidity score modify the effect of gender 

on odds of admission for pneumonia and also no evidence for an interaction between age group and 

disease duration on pneumonia admission. Increasing parkinsonism duration and multimorbidity score 

both increase the odds of admission for pneumonia and there is also moderate evidence that 

multimorbidity score modifies the effect of duration on odds of pneumonia admission (p-value = 0.029) 

(Table 26). In Figure 14 there appears to be an increasing effect of parkinsonism duration on risk of 

admission for pneumonia in patients with a greater number of comorbidities but, in patients with 7 or 
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more comorbidities, the risk of pneumonia admission is not altered much by increasing duration of 

parkinsonism.  

Table 26: Tests for interactions between variables on odds of emergency hospital admission for 
pneumonia 

Potential 
interaction 

Main effects OR (95% CI) for main effect; 
p-value 

OR for 
interaction effect 

P-value for 
likelihood 
ratio test 

Gender- age  Gender  
Male 

Female 

 
Ref 
0.67 (0.57; 0.79); p < 0.001  

 
0.87 (0.79; 0.97) 

 
0.01 

Unit increase in 
age group 

 
1.49 (1.42; 1.57); p < 0.001 

Gender- 
duration of 
parkinsonism 

Gender  
Male 

Female 

 
Ref 
0.71 (0.61; 0.84); p < 0.001  

 
 
0.98 (0.88; 1.10) 

 
 
0.756 

Unit increase in 
duration 

 
1.18 (1.12; 1.25); p < 0.001  
 

Gender- 
multimorbidity  

Gender  
Male 

Female 

 
Ref 
0.75 (0.65; 0.88); p < 0.001 

 
 
1.03 (0.94; 1.11) 

 
 
0.554 

Unit increase in 
multimorbidity 
score  

 
1.39 (1.34; 1.45); p < 0.001 

Duration of 
parkinsonism-
age  
 

Unit increase in 
duration of 
parkinsonism  

 
1.18 (1.11; 1.24); p < 0.001 
 

 
 
 
 
 
0.97 (0.75; 1.27) 
1.02 (0.81; 1.28) 
1.04 (0.84; 1.30) 
1.04 (0.84; 1.29) 
0.96 (0.77; 1.19) 

 
 
 
 
 
1.000 

Age group (years) 
35-64 
65-69 
70-74 
75-79 

80- 84 
85+ 

 
Ref 
1.08 (0.75; 1.55); p = 0.684  
1.82 (1.31; 2.51); p < 0.001 
2.60 (1.90; 3.54); p < 0.001 
3.91 (2.88; 5.33); p < 0.001 
6.58 (4.81; 9.01); p < 0.001 

Duration of 
parkinsonism- 
multimorbidity 
score 
 

Unit increase in 
duration of 
parkinsonism 

 
1.14 (1.08; 1.21); p < 0.001 

 
 
 
 
 
Ref 
1.07 (0.88; 1.30) 
1.09 (0.92; 1.29) 
1.18 (0.97; 1.44) 
0.95 (0.80; 1.14) 

 
 
 
 
 
0.029 

Multimorbidity 
score 

0-2 
3 

4-5 
6 

7+ 

 
 
Ref 
 1.91 (1.45; 2.52); p < 0.001 
3.10 (2.43; 3.95); p < 0.001 
4.58 (3.46; 6.07); p < 0.001 
6.57 (5.06; 8.52); p < 0.001 
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Figure 13: Predicted mean risk of emergency admission for pneumonia by age group (years) in men and 
women; p-value for likelihood ratio test = 0.010. 
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Figure 14: Predicted mean risk of emergency admission for pneumonia by multimorbidity score in 
patients according to duration of parkinsonism (years); p-value for likelihood ratio test = 0.029. 

 

There was no evidence that age group, parkinsonism duration or multimorbidity modify the effect of 

gender on risk of admission for UTI and no evidence that multimorbidity modifies the effect of 

parkinsonism duration on risk of UTI admission (Table 27). There was only weak evidence that age group 

interacts with parkinsonism duration (p-value = 0.036).  
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Table 27: Tests for interactions between variables on odds of emergency hospital admission for UTI 

Potential 
interaction 

Main effects OR (95% CI) for main effect; 
p-value 

OR for 
interaction effect 

P-value for 
likelihood 
ratio test 

Gender- age  Gender  
Male 

Female 

 
Ref 
0.94 (0.79; 1.11); p = 0.476 

 
0.96 (0.86; 1.08) 

 
0.530 

Unit increase in 
age group 

 
1.45 (1.37; 1.53); p  0.001  

Gender- 
duration of 
parkinsonism 

Gender  
Male 

Female 

 
Ref 
1.01 (0.85; 1.21); p = 0.873 

 
 
0.91 (0.81; 1.03) 

 
 
0.138 

Unit increase in 
duration 

 
1.13 (1.06; 1.20); p < 0.001 

Gender- 
multimorbidity  

Gender  
Male 

Female 

 
Ref 
1.04 (0.88; 1.24); p = 0.635 

 
 
0.97 (0.88; 1.06) 

 
 
0.460 

Unit increase in 
multimorbidity 
score  

 
1.29 (1.23; 1.35); p < 0.001 

Duration of 
parkinsonism-
age  
 

Unit increase in 
duration of 
parkinsonism  

 
1.12 (1.05; 1.19); p < 0.001 

 
 
 
 
 
0.60 (0.44; 0.84) 
0.77 (0.57; 1.04) 
0.71 (0.53; 0.94) 
0.68 (0.51; 0.91) 
0.67 (0.50; 0.89) 

 
 
 
 
0.036 

Age group (years) 
35-64 
65-69 
70-74 
75-79 

80- 84 
85+ 

 
Ref 
1.83 (1.17; 2.87); p = 0.009 
2.95 (1.95; 4.46); p < 0.001 
4.95 (3.35; 7.33); p < 0.001 
6.20 (4.19; 9.17); p < 0.001 
7.53 (5.05; 11.23); p < 0.001 

Duration of 
parkinsonism- 
multimorbidity 
score 
 

Unit increase in 
duration of 
parkinsonism 

 
1.10 (1.04; 1.17); p = 0.001 

 
 
 
 
 
Ref 
0.93 (0.75; 1.14) 
0.91 (0.76; 1.09) 
0.92 (0.74; 1.15) 
0.87 (0.71; 1.05) 

 
 
 
 
 
0.713 

Multimorbidity 
score 

0-2 
3 

4-5 
6 

7+ 

 
 
Ref 
 1.88 (1.40; 2.53) 
2.54 (1.95; 3.29) 
3.25 (2.38; 4.43) 
4.31 (3.24; 5.73) 
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There was no evidence that age group, parkinsonism duration or multimorbidity modify the effect of 

gender on risk of admission for fall/fracture/head injury and no evidence that multimorbidity modifies 

the effect of parkinsonism duration on risk of admission for these reasons (Table 28). Parkinsonism 

duration and age group both increase odds of admission for fall/fracture/head injury after mutual 

adjustment but there was also strong evidence for an interaction between parkinsonism duration and 

age (p < 0.001) (Table 28). Age modifies the association between parkinsonism duration and odds of 

admission for fall/fracture/head injury such that, in patients aged 85 years and over, increasing 

parkinsonism duration appears to have minimal effect on the odds of admission for these reasons.  

 

Table 28: Tests for interactions between variables on odds of emergency hospital admission for 
fall/fracture/head injury 

Potential 
interaction 

Main effects OR (95% CI) for main effect; 
p-value 

OR for 
interaction effect 

P-value for 
likelihood 
ratio test 

Gender- age  Gender  
Male 

Female 

 
Ref 
1.34 (1.18; 1.53); p < 0.001 

 
0.92 (0.84; 1.00) 

 
0.053 

Unit increase in 
age group 

 
1.45 (1.39; 1.52); p < 0.001  

Gender- 
duration of 
parkinsonism 

Gender  
Male 

Female 

 
Ref 
1.46 (1.28; 1.67); p < 0.001 

 
 
0.93 (0.85; 1.02) 

 
 
0.127 

Unit increase in 
duration 

1.12 (1.07; 1.17); p < 0.001 
 

Gender- 
multimorbidity  

Gender  
Male 

Female 

 
Ref 
1.48 (1.30; 1.69); p < 0.001 

 
 
0.97 (0.90; 1.04) 

 
 
0.373  

Unit increase in 
multimorbidity 
score  

 
1.17 (1.13; 1.21); p < 0.001  

Duration of 
parkinsonism-
age  
 

Unit increase in 
duration of 
parkinsonism  

 
1.12 (1.07; 1.17); p < 0.001 

 
 
 
 
 
1.12 (0.84; 1.49) 
0.98 (0.75; 1.26) 
0.84 (0.66; 1.08) 
0.83 (0.65; 1.06) 
0.6 (0.59; 0.97) 

 
 
 
 
 
< 0.001 

Age group (years) 
35-64 
65-69 
70-74 
75-79 

80- 84 
85+ 

 
Ref 
 2.02 (1.36; 2.99); p < 0.001 
3.41 (2.39); 4.86); p < 0.001 
4.92 (3.50; 6.92); p < 0.001 
6.99 (4.99; 9.80); p < 0.001 
8.58 (6.10; 12.08); p < 0.001 
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Potential 
interaction 

Main effects OR (95% CI) for main effect; 
p-value 

OR for 
interaction effect 

P-value for 
likelihood 
ratio test 

Duration of 
parkinsonism- 
multimorbidity 
score 
 

Unit increase in 
duration of 
parkinsonism 

 
1.11 (1.06; 1.16); p < 0.001 
 

 
 
 
 
 
Ref 
1.07 (0.92; 1.25) 
1.04 (0.91; 1.19) 
0.99 (0.84; 1.17) 
0.89 (0.76; 1.03) 

 
 
 
 
0.094 

Multimorbidity 
score 

0-2 
3 

4-5 
6 

7+ 

 
 
Ref 
 1.36 (1.09; 1.70); p = 0.007 
1.71 (1.41; 2.08); p < 0.001 
2.21 (1.75; 2.80); p < 0.001 
2.29 (1.85; 2.83); p < 0.001 

 

 

 

 

Figure 15: Predicted mean risk of admission for fall/fracture/head injury by age group in patients 
according to duration of parkinsonism (years); p-value for likelihood ratio test < 0.001.  
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2.2.5.5 Risk prediction matrix for patients with parkinsonism 

Table 29 shows the one-year probability of being admitted based on the predictions generated by the 

multivariable model which included age group, duration of parkinsonism, multimorbidity score, gender 

and study year and accounting for the interactions shown in section 2.2.5.2.1. The study year was set to 

2019, the most recently available calendar year available in the study period to make the predictions 

more relevant for today. The annual risk scores have been classified into low (0-15%), medium (16- 30%) 

and high (> 30%) risk, displayed here as green, yellow and red respectively. These categorisations were 

decided pragmatically based on what might constitute a low/medium/high risk from a clinical and 

patient perspective.  

The model-predicted risk, together with colour-coding, visually displays the findings described above 

since risk of emergency hospital admission increases along the rows as duration increases, down the 

columns as age increases and, for patients within the same age group, the risk increases as 

multimorbidity score increases.  

The gender-age interaction can be visualised since males of the youngest age group have a slightly lower 

risk than females of the same age group but in males aged 75 years and above, this pattern is reversed. 

Individuals aged under 65 years with a duration of parkinsonism under 2 years and with a CMS of 0 or 1 

have an annual risk of admission of less than 10%. In contrast, a man aged over 85 years who has had 

parkinsonism for over 5 years and who has four or more comorbidities, according to the CMS, has a 50% 

probability of admission over 12 months. A man of the same age but with parkinsonism duration under 

2 years and without multimorbidity (CMS score of 0 or 1) is only predicted to have a 28% annual risk of 

admission. Table S1 in appendix C displays the same table with 95% confidence intervals for each model-

predicted risk. In general these are +/- 2% around the point estimate so are reasonably precise. 
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Table 29: One year risk of emergency hospital admission predicted by the multivariable model which 
included age group, duration of parkinsonism, gender, multimorbidity score and study year (for the most 
recent study year, 2019, and accounting for gender/age, duration/age and duration-multimorbidity 
score interactions).  

 Male   Female 
Age CMS 

↓ 
Parkinsonism 
duration→ 

<2yr 2-4yr 5+yr Age CMS 
↓ 

Parkinsonism 
duration→ 

< 2yr 2-4yr 5+yr 

35-
64 

0/1 7% 10% 14% 35-
64 

0/1 8% 11% 15% 
2/3 10% 14% 19% 2/3 11% 16% 20% 
4+ 15% 20% 24% 4+ 16% 22% 26% 

          
65-
70 

0/1 10% 13% 17% 65-
70 

0/1 10% 14% 18% 
2/3 14% 18% 22% 2/3 15% 19% 23% 
4+ 19% 25% 29% 4+ 20% 26% 30% 

          
70- 
74 

0/1 13% 17% 21% 70- 
74 

0/1 13% 17% 21% 
2/3 18% 23% 27% 2/3 18% 23% 27% 
4+ 25% 30% 33% 4+ 25% 30% 33% 

          
75- 
79 

0/1 17% 21% 25% 75- 
79 

0/1 16% 20% 24% 
2/3 23% 28% 31% 2/3 22% 27% 30% 
4+ 31% 36% 39% 4+ 30% 35% 37% 

          
80- 
84 

0/1 22% 26% 29% 80- 
84 

0/1 20% 24% 27% 
2/3 29% 34% 36% 2/3 27% 32% 34% 
4+ 38% 43% 44% 4+ 35% 40% 42% 

          
85+  0/1 28% 31% 34% 85+ 0/1 25% 28% 31% 

2/3 36% 40% 42% 2/3 33% 37% 38% 
4+ 45% 49% 50% 4+ 41% 46% 46% 

CMS: Cambridge Multimorbidity Score 
 Annual risk 0- 15%  

Annual risk 16- 30%  

Annual risk >30%  
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Table 30 shows the one-year probability of being admitted based on the predictions generated by the 

multivariable model which included age group, duration of parkinsonism, gender and study year (Table 

S2 in appendix C displays the 95% confidence intervals). Multimorbidity score is not included in this 

model as the means by which this is quantified is not readily  available in routine clinical practice; 

therefore I would anticipate that this matrix could be more readily deployed in practice.   

 

Table 30: One year risk of emergency hospital admission predicted by the multivariable model which 
included age group, duration of parkinsonism, gender and study year (for the most recent study year, 
2019, and accounting for gender/age and duration/age interactions. 

 

 Male  Female 

Age <2yr 2-4yr 5+yr  < 2yr 2-4yr 5+yr 

35-64 10% 14% 18%  11% 15% 20% 

        
65-70 14% 19% 23%  15% 20% 24% 

        
70- 74 20% 25% 29%  19% 24% 28% 

        
75- 79 26% 31% 35%  25% 30% 33% 

        
80- 84 33% 39% 41%  31% 36% 38% 

        
85+  41% 47% 48%  37% 42% 43% 

 Annual risk 0- 15% 
Annual risk 16- 30% 
Annual risk >30% 
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2.2.6 Chapter summary  

This chapter describes the study I undertook using primary care data from CPRD, linked to hospital 

admission and ED attendance data from HES. Objective 1 was to describe rates of hospital admission 

and ED attendance over time and by broad region. My results show that the rate of hospital admission 

and ED attendance has increased over the ten-year study period, with the odds more than doubling 

from 2000 to 2019 in both cases but being more marked for ED attendance. There appear to be regional 

differences in rates of hospital admission and ED attendance with the highest rate of hospital admission 

noted in East Midlands and the highest rate of ED attendance in London. The four regions with the 

lowest rate of hospital admission (North East, South West, East England and South Central) also had the 

lowest rates of ED attendance.  

Objective 2 was to describe the reasons for hospital admission in patients with parkinsonism compared 

to controls. Pneumonia accounted for the greatest proportion of emergency admissions in both 

parkinsonism cases and controls.  80.5% of admissions for cases with parkinsonism were categorised as 

likely relating to parkinsonism. Pneumonia, hip fracture and UTI accounted for 25% of all emergency 

admissions for cases.  

Objective 3 was to determine the risks and predictors for hospital admission and ED attendance in 

patients with parkinsonism. Duration of parkinsonism predicted odds of emergency admission, including 

specifically for pneumonia, UTI and falls/fractures/head injury, as well as odds of ED attendance and this 

effect was seen after adjustment for age. After adjustment for age, gender, multimorbidity and 

parkinsonism duration, care home residence reduced the odds of hospital admission and ED attendance 

but increased odds of admission for pneumonia. Registration with a GP practice in a rural area reduced 

odds of hospital admission, ED attendance and admission specifically for pneumonia, including after 

adjustment for age and deprivation; however this effect was not seen for admissions due to UTI and 

falls/fracture/head injury specifically. I have presented the model-predicted risk of emergency hospital 

admission in a simple stratified table to help both patients, their family and health care professionals for 

future counselling.  
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CHAPTER 3 
 

The material in section 3.1 was been published in: 

Tenison E, Lithander FE, Smith MD, Pendry-Brazier D, Ben-Shlomo Y, Henderson EJ. Needs of patients 
with parkinsonism and their caregivers: a protocol for the PRIME-UK cross-sectional study. BMJ Open. 
2022;12(5):e057947 
 

 

3.1. Methods  
 

3.1.1 Chapter overview  

This chapter describes the methods and results of the PRIME-UK cross-sectional study. The overall aim 

of this study was to describe the needs and experience of a representative sample of people with 

parkinsonism who are cared for at Royal United Hospital Bath, along with their informal caregivers. 

Recruitment of caregivers formed an important part of the overall study which I designed and delivered 

during my PhD and so, in the methods section, I describe the study procedures for both patients with 

parkinsonism and caregivers. However, in this thesis, I focus specifically on the results pertaining to 

patients with parkinsonism.  

The specific objectives for this chapter were: 

1) To describe the characteristics of recruited participants and evaluate the success of strategies 

which aimed to recruit a more representative sample of people with parkinsonism, including 

those living with frailty, multimorbidity and with impaired capacity to consent 

2) To describe the symptoms and experience of a representative sample of patients with 

parkinsonism and associations with age, gender and disease duration 

3) To describe the frequency and interrelationship of aspects of clinical complexity, including 

frailty, multimorbidity and disability  

 

3.1.2. Study design and population 

This was a single centre, cross-sectional study (see my previous paper where I have published the study 

protocol [127]). People with parkinsonism living in the catchment area of Royal United Hospital Bath 

NHS Foundation Trust (RUH Bath), a district general hospital in the United Kingdom, were recruited to 
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the study over 16 months from September 2020. I also enrolled primary informal caregivers of a patient 

with parkinsonism. A person with parkinsonism could take part in the study regardless of whether they 

had an informal caregiver and, if they did, whether this person wished to take part. Likewise, a 

caregiver could participate regardless of whether the person with parkinsonism, for whom they care, 

wished to take part. 

The catchment area for the RUH Bath includes North-East Somerset, parts of South Gloucestershire and 

West Wiltshire. People with parkinsonism are cared for by the separate Parkinson’s specialist clinicians 

in the Older Person’s Unit (OPU) and neurology teams with outpatient clinics at the RUH site; St Martin’s 

Hospital in Bath; and Chippenham and Devizes in Wiltshire. Home visits to patients in residential care 

are also undertaken by the OPU Parkinson’s clinicians. 

 

3.1.3. Eligibility criteria  
 

3.1.3.1. Patient participants  

Inclusion criteria  

- Have a diagnosis of parkinsonism (including idiopathic Parkinson’s disease, progressive 

supranuclear palsy, corticobasal degeneration, multisystem atrophy, dementia with Lewy 

Bodies, vascular parkinsonism), made by a movement disorder specialist (a physician sub-

specialising in neurology or geriatric medicine)  

- Be willing to participate  

- Have the ability to provide informed consent to participate or, where unable to do so due to 

cognitive impairment, availability of a close friend or relative to act as a personal consultee.   

- Be aged 18 years or over 

- Live in the catchment area of RUH Bath  

Exclusion criteria  
- Individuals with drug-induced parkinsonism 

- Individuals who lack capacity to consent to participate but do not have anyone who can 

be a consultee to provide advice regarding their wishes and views 

- Current medical, cognitive or psychosocial issue or co-enrolment in another study that, in the 

opinion of the site investigator, would interfere with adherence to study requirements (e.g. 

individuals in the last days/weeks of life)  
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3.1.3.2. Caregiver participants  

Inclusion criteria:  

- Provide informal care or support for a patient with parkinsonism and, where a patient has more 

than one informal caregiver, be considered by the patient to be their primary caregiver  

- Be willing to participate   

- Have the ability to provide informed consent to participate  

- Be aged 18 years or over  

 

Exclusion criteria: 

- Professional carers, who are paid to deliver care 

 

3.1.4. Sampling and recruitment procedures  

Potentially eligible participants were identified from lists of patients coded with parkinsonism during an 

inpatient admission and from lists of patients followed up or seen as a new referral within the 

movement disorder services at the main regional hospital (RUH Bath) and ancillary clinics within the 

surrounding area.   

Patients who meet the eligibility criteria were sent an invitation letter from their Parkinson’s clinician on 

behalf of the study team, in the post, together with information about the study for them (appendix D) 

and for any informal caregiver. Willing patients/caregivers were asked to complete the written consent 

form (appendix E) and return it by post to the study team at RUH Bath. Participants who did not respond 

to this invitation letter received one or more telephone calls from the study team, after they had been 

given at least 1 week to consider the information. I conducted approximately one third of the reminder 

calls, with the remainder conducted by colleagues. The purpose of these calls was to answer any 

questions the patient had about study participation; ascertain how the team could support the patient 

to participate should they wish to; identify if there were any requirements for translation and, where 

necessary, assess capacity to consent to taking part in the study. Research participants did not receive 

any remuneration or incentive for taking part, but all postal costs were covered. If the patient declined 

to participate, they did not receive further contact about this study. The study procedures are 

summarised in Figure 16. 
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Figure 16: Summary of study procedures. 

 

3.1.4.1. Identification of caregivers  

The envelope sent to potential patient participants contained an information booklet and consent form 

for people who provided care or support to someone with parkinsonism. The invitation letter asked the 

person with parkinsonism to pass this information to the person who was their main source of help or 

support, where relevant. Potential caregiver participants were also identified from the ‘About Me’ form, 

which willing patient participants were asked to return together with their completed consent form. If 

they ticked that they lived with someone or that they received support from family or friends, but no 

caregiver response had been received, the patient participant received a telephone call to clarify 

whether this individual was eligible and willing to take part as caregiver.  

 

3.1.4.2. Adults lacking capacity to consent to participation in research  

Patients were assumed to have capacity to consent to the study unless there was evidence to suggest 

otherwise. Situations which prompted capacity assessment included return of incomplete or partially 

completed consent forms; an individual (such as care home staff or a family member), who answered 

the phone on behalf of a patient during a follow-up call, expressing concern that the patient may 

struggle to understand the study information.  If a capacity assessment was triggered, this was 

conducted by telephone by a trained member of the team in accordance with the Mental Capacity Act 

2005 two-stage test [191]. This individual took all possible steps to facilitate the potential participant to 

make a capacitous decision (e.g. by calling back on another occasion; by ensuring that a family member 

or friend was with the potential participant during the assessment, if possible). 
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3.1.4.3. Identification and involvement of a personal consultee  

If the potential participant did not have capacity to give consent to participate in the study, a personal 

consultee, usually a close family member or friend who knew the potential participant in a personal 

capacity, was sought to review the requirements for study participation and offer advice on the wishes 

and views of the patient, including the patient’s view on taking part in research at the time they had 

capacity. Personal consultees were identified from next of kin details held within clinical records, 

discussion with care home staff and, where relevant, asking to speak to anyone who lived with or 

supported the potential patient participant.  

If the consultee advised that the person would have consented at a time they had capacity, they were 

asked to sign the consultee declaration form. The personal consultee, or another close friend or relative 

of the person with parkinsonism, was asked to complete questionnaires on behalf of the patient, acting 

as their “representative.” We did not involve nominated consultees such as healthcare professionals or 

paid carers. Where no personal consultee was available, for example because the person lacking 

capacity had no family member or friend, or they were not willing to act as a personal consultee, the 

patient was excluded from the study.   

 

3.1.5. Data collection 

3.1.5.1. Methods of assessment  

Recruited participants completed a single questionnaire booklet at home during the study period and 

were asked to return this to the research team in the pre-paid envelope provided.  Where able, 

participants self-completed the questionnaires and could do this over a number of days.  Questionnaire 

completion was also facilitated over the telephone to support individuals with, for example, visual 

impairment or tremor/dyskinesia limiting ability to write, to participate. Where participants had capacity 

but had a physical inability to mark responses on the questionnaire (e.g. due to tremor or bradykinesia), 

assistance with making a physical response could be undertaken by another person, which could include 

their paid carer, with the answer communicated by the participant.  

People with parkinsonism, who could consent to the study, were asked to complete a full patient 

questionnaire booklet, which they were advised could take up to 2 hours to complete. Representatives 

of those unable to consent to the study completed a specially designed and adapted patient 

questionnaire booklet on their behalf; they were advised that this may take up to 1 hour to complete. 



118 
 

Caregivers were asked to complete the caregiver questionnaire booklet, about their own perspective, 

which they were informed was estimated to take up to 1 hour to complete. The contents of all three 

questionnaire booklets are detailed in Table 31. 

If questionnaire booklets had not been received by the research team within 2 weeks of them being 

posted to participants, the research team telephoned the participant to answer any queries and to offer 

support. If the participant returned a questionnaire with one or more questions left blank or incorrectly 

completed (e.g. multiple options are selected for a question which required only one answer), the 

participant was contacted by telephone and asked if they were willing to clarify their answers.  

Table 31: Contents of participant questionnaire booklets. 

 

METRIC  DATA  Items PPT +  PPT -  CG 

Demographics  

Gender 1    
Date of birth  1    
Ethnicity 1    
Employment status  1    
Highest qualification  1    
Marital status  1    
Living situation 1    

Medication  
Medication (name, dose, frequency, 
route) 

1 
 

 
 

 

Parkinson’s history  Diagnosis 1    

Year of diagnosis  1    

Laterality of first symptoms  1    

Advanced therapies  3    

General medical history  Past medical history  1    

Healthcare contacts  2    

Falls and near falls  2    

Height, weight, weight 3-6 months ago  3    

Health status question  1    

About the care  Relationship to recipient 1    
Living with recipient 1    

Intensity of caring and tasks of caring 2    
Duration of caring  1    

Information about care 
recipient  
(if the patient is not 
participating) 

Gender 1   ( ) 

Month and year of birth 1   ( ) 

Living situation  1   ( ) 

Diagnosis  1   ( ) 

Year of diagnosis  1   ( ) 

Nutritional risk  Seniors in the community: Risk 
Evaluation for Eating and Nutrition 
(SCREEN II)-14 item version [192-194] 

17    

Frailty Survey of Health, Ageing and Retirement 
in Europe (SHARE-FI) 75+ [195] 

5    

Sarcopenia screen SARC-F questionnaire [196] 5    
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METRIC  DATA  Items PPT +  PPT -  CG 

Covid-19 questions  Symptoms, self-isolation/shielding, 
access to care 

13    

Lifestyle  Smoking 1    

Alcohol intake  2    

Physical activity  3    

Capability/wellbeing  ICEpop CAPability measure for Older 
People [197] 

5   
(proxy 

version) 

 

Quality of life  Parkinson’s Disease Questionnaire-39 
(PDQ-39) [198] 

39    

Non-motor symptom burden  Non-Motor Symptom Questionnaire 
(NMSQ) [199] 

30    

Autonomic symptoms  Scales for Outcomes in Parkinson’s 
disease- autonomic dysfunction (SCOPA-
AUT) [200] 

25    

Depression Beck depression inventory-II (BDI-II) 
[201] 

21    

Bowel function  Neurogenic bowel dysfunction score 
[202] 

11    

Urinary tract symptoms  International Consultation on 
Incontinence Questionnaire: ICIQ-mLUTS 
(for men) and ICIQ-fLUTS (for women) 
[203] 

12 
(female) 

13  
(male) 

   

Cognition  Test Your Memory [204] 16    

Motor symptom burden  Motor rating scale- adapted from 
Parveen [205] 

4    

Freezing of gait  New Freezing of Gait (N-FOG) [206] 9    

Patient activation  Patient Activation Measure [207] 13    

Symptoms and behaviour  Neuropsychiatric Inventory [208] 12    

Activities of daily living  Bristol Activities of Daily Living Scale 
[209] 

20    

Quality of life  Parkinson’s Disease Questionnaire (PDQ) 
carer [210] 

29    

Caregiver burden Zarit Burden Interview [211]  22    

Caregiver activation  Caregiver PAM 13    

Caregiver coping strategies  Brief Coping Orientation to Problems 
Experienced (BriefCOPE) [212] 

28    

Perceived social support  Multidimensional scale of perceived 
social support [213] 

12    

KEY:  
 
PPT + Participant with parkinsonism with capacity to consent to research  
 
PPT- Participant with parkinsonism without capacity to consent to research (questionnaires completed by a 
representative) 
 
CG Caregiver participant 
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3.1.5.2. Rationale for selected items included in the questionnaires  

3.1.5.2.1. Measures for people with parkinsonism  

In order to capture the other comorbidities affecting people with parkinsonism, I used a list designed as 

a research tool for the self-report of chronic conditions in primary care [214]. Patients were asked “do 

you remember in which year you were diagnosed with Parkinson’s disease (or a condition related to 

Parkinson’s)?” to allow disease duration to be derived.  

The 39-item Parkinson’s Disease Questionnaire (PDQ-39) is a Movement Disorder Society-

recommended, PD- specific measure of health-related quality of life and has been well-validated and 

utilised in this population [215]. A well-being measure, ICECAP-O was used to capture the broader 

impact of PD on participants. ICECAP-O is a relatively new measure of capability in older people which 

has been previously used in patients with PD [216].  A proxy version has been used to assess capability in 

older adults with cognitive impairment [217, 218] so this measure was completed by a representative 

for patients lacking capacity and unable to complete questionnaires.  

Non-motor symptoms can be particularly troubling for patients and can negatively influence quality of 

life [219] and so are important to capture as part of this holistic and in-depth assessment. Whilst the 

Parkinson’s Disease Nonmotor Symptoms Questionnaire (NMSQ) is a screening tool, rather than a rating 

instrument, it was selected for this study because it does not require rater administration and is 

relatively quick for participants to self-complete [220]. The Beck Depression Inventory (BDI-II) has been 

validated for use in people with PD and is widely used to screen for depression and assess the severity of 

depression symptoms in the group [221].  

The SCOPA AUT questionnaire was included to characterise the burden of autonomic symptoms that are 

responsible for many non-motor symptoms. These can be diffuse and wide-reaching and include 

important yet seldom considered issues such as sexual function, as well common phenomena including 

orthostatic hypotension. Bladder symptoms contribute significantly to quality of life and will be further 

explored in more depth using the International Consultation on Incontinence Questionnaire male and 

female short form Lower Urinary Tract tools (mLUTS and fLUTS), which have been recommended for use 

in PD [203]. These broadly cover all urinary symptoms specific to each gender. Bowel symptoms were 

similarly explored using the neurogenic bowel score [202]. 

Test Your Memory (TYM) is a self-administered cognitive screening test [222] which has been used 

amongst people with PD and compared to the Montreal Cognitive Assessment (MoCA) [204].  
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Self-reported motor symptoms were captured using questions adapted from a motor rating form based 

on motor tasks from the Movement Disorder Society-Unified Parkinson’s Disease Rating Scale (MDS-

UPDRS) [205]. 

Freezing of gait is a common symptom, particularly in the advanced phases of PD, which can cause 

disability, negatively impact quality of life [223] and increase falls risk [224].  The New-Freezing of Gait 

Questionnaire (NFOG-Q) is a self-reported tool to assess the impact and severity of freezing symptoms 

[206].  

The Patient Activation Measure is a metric used to quantify the self-management capabilities of patients 

[225].  There is an increasing awareness that patients who have the knowledge, skills, and confidence to 

look after their health and feel empowered to do so have better health outcomes [225] and so it is 

important to gain an understanding of activation levels amongst people with PD and their caregivers.  

The Bristol Activities of Daily Living (Bristol ADL) has been shown to have good content and construct 

validity when used with people with dementia [209] and was one of only two scales rated as moderate 

quality in a systematic review of Activities of Daily Living scales in dementia and, of these, the only one 

suitable for self-completion by a caregiver [226]. This allowed the quantification of functional ability in 

participants who took part with a representative. Neuropsychiatric symptoms are a common feature of 

PD dementia and can negatively impact caregiver burden [227], hence particularly important to measure 

for participants with cognitive impairment. The questionnaire form of the Neuropsychiatric Inventory 

(NPI-Q) is a brief proxy-completed assessment [228]. 

Measures which have not been validated for proxy report, or for which it would not be feasible for 

someone to complete on behalf of the patient, were not included in the shorter patient questionnaire 

booklet for completion by a representative.  

3.1.5.2.2. Measures for caregivers  

Several tools were used to measure caregiver burden and experience. The number of hours spent 

caregiving was captured using a grid which allowed the caregiver to document the hours spent on each 

of four categories of tasks, which were based on the categories included within the Caregiver Indirect 

and Informal Care Cost Assessment Questionnaire, developed by Landfeldt  et al [229]. Caregivers could 

report the hours spent on each day of the week to account for the fact that their input may have 

differed throughout the week.  
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The 21-item Zarit Burden Inventory is the most commonly used measure of caregiver burden amongst 

family caregivers of people with PD [230]. The Parkinson’s Disease Questionnaire (PDQ) carer has been 

specifically designed to measure quality of life amongst caregivers of people with PD [210] and was used 

in this study.  

The BriefCOPE is a frequently used coping scale and its subscales have been shown to predict distress 

and wellbeing [231]. The Multidimensional Scale of Perceived Social Support is a subjective assessment 

of social support [213].  Coping style may alter the way an informal caregiver deals with the challenges 

and stresses of caring and a caregiver’s perception that they have good social support may have a 

protective effect [230].   

3.1.5.2.3. Measures used in all three groups  

There is evidence to suggest that people with PD are at risk of weight loss and malnutrition [232]. 

Moreover, malnutrition is prevalent in older adults and is responsible for many significant health-related 

negative outcomes [233-235].  I quantified nutrition risk using the Seniors in the community: risk 

evaluation for eating and nutrition, 14 item (SCREEN-14) scale which is a valid and reliable tool to measure 

nutritional risk. The researchers who developed the SCREEN-14 tool suggest that a family member or friend 

who can corroborate the person’s eating habits can complete the questionnaire, if the patient is unable to do 

so due to cognitive impairment, and they plan to do validation work in this group [236].   

Frailty is a syndrome of loss of physiological reserve which confers greater vulnerability to negative 

health outcomes; it is considered to be a dynamic condition in which individuals may transition to an 

improved, as well as more advanced, frailty state [75]. The Frailty Instrument for Primary Care of the 

Survey of Health, Ageing and Retirement in Europe (SHARE) is a phenotypic frailty assessment tool; in 

this study, I opted to use the SHARE tool which was developed and validated in those aged 75 years and 

over, in which assessment of handgrip strength was substituted with a question about walking [195].  In 

the SHARE cohort, walking was assessed by a clinician; in this study, I made a minor adaptation to the 

SHARE-FI75+ to facilitate self-reported completion, following correspondence with the original author 

(personal communication, Professor Romero-Ortuno, 15th October 2019). This involved substituting the 

clinician observed walking status item for a question in which the participant, or their representative, 

could select whether they could walk unaided, with help or support or whether they used a wheelchair 

or were bedbound. Sarcopenia, a disease characterised by low muscle strength, together with low 

muscle quantity or quality, may contribute to the development of physical frailty [237].  SARC-F is a 

rapid screening tool for sarcopenia [196] which was used.  
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Caregivers are often older adults [45] and may themselves be living with frailty, sarcopenia and risk of 

malnutrition, hence the SARC-F, SHARE-FI75+ and SCREEN-II questionnaires were also included in the 

caregiver questionnaire booklet, as well as the patient and representative-completed booklets.  

In order to contextualise the responses to other questionnaires collected in this study, I compiled some 

questions to gather information about any symptoms of Covid-19 infection experienced by participants, 

whether they have had to self-isolate or shield, and their experience of accessing care during the 

pandemic.  

3.1.6. Ethical issues and approvals  

This protocol was approved by the London- Brighton & Sussex Research Ethics Committee (REC) on 27 

July 2020; REC reference 20/LO/0890 (appendix F). The study was sponsored by the University of Bristol 

(appendix G). It is registered with the ISRCTN (11452969). Brief details of the subsequent amendments 

are summarised in Table 32.  

Table 32: Summary of amendments submitted to the research ethics committee. 

Date  Category of amendment   Summary of changes  

20.08.2020 Non-substantial (category C) -Correction of omissions and typographical errors 
within participant questionnaire booklets 
-Minor changes to align with the questionnaire 
wording provided by licence holders 
-Removal of a single questionnaire from the 
patient questionnaire booklet  

06.10.2020 Non substantial (category C) - Minor changes to wording of Beck Depression 
Inventory-II to align with copy provided by license 
holder 
-Addition of an item which had been omitted in 
error from the ‘Test Your Memory’ questionnaire 
within the patient questionnaire booklet  
- Addition of introductory sentences to clarify the 
process for completing the ‘Test Your Memory’  

23.06.2021 Non-substantial (category A) -to resolve a discrepancy within the IRAS form 
around the storage of personal data (to clarify that 
personal data for participants who had consented 
to the study would be processed by University of 
Bristol staff)  

23.09.2021 Non-substantial (category C) -to update the protocol to reflect and extension to 
the recruitment period due to delays relating due 
to the Covid-19 pandemic 

Category A: amendment that participating NHS organisation(s) are expected to consider  
Category C: no study wide review required  
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All participants either provided written informed consent or, in the case of patient participants who lack 

capacity to consent to participation in the study, a consultee provided advice on their prior wishes and 

signed a consultee declaration if they believed the patient would be willing to participate.  

If the person with parkinsonism opted not to participate themselves, it was necessary, so far as possible, 

for us to collect some basic information about who the caregiver supported. In this case, the person 

with PD (or their personal consultee if they lacked capacity to make decisions about the study) was 

asked to sign a section on the back of the caregiver consent form if they were happy for their caregiver 

to provide basic information about them.  

Participants could choose to withdraw for any reason at any time during their involvement in the study 

and were not followed up after withdrawal from the study. Data collected up to the time of withdrawal 

were used. 

3.1.7. Patient and public involvement  

This study was designed and performed in conjunction with the study public involvement advisory group 

(PIAG), all of whom have PD. The PIAG was critical to the design and content of participant information 

booklets and consent forms. Changes made as a result of their contribution included: 

- Improved sensitivity around terminology for those who care for someone with PD, 

acknowledging that they may live with someone who has PD but not see themselves as a 

carer/caregiver, but may ‘provide support’. The term ‘caregiver’ was preferred over ‘carer’ and 

therefore used throughout the study documentation. 

- Inclusion of an approximate time to complete the questionnaires in the participant information 

leaflet and we further emphasised that the questionnaires are intended to be completed at 

home 

- Inclusion of information for plans regarding dissemination of results to participants. 

3.1.8. Sample size  

The sample size was pragmatic based on the total available number of potentially eligible people with 

parkinsonism at this single centre rather than being based on a specific hypothesis that we wished to 

test as in a trial. There were known to be approximately 1,200 people with parkinsonism who were 

within the geographical catchment of the RUH Bath. The likely response rate was unclear but we 

anticipated we would achieve a response rate of over 40% which would result in 480 completed patient 

questionnaires.  
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A previous cross-sectional postal survey, with a response rate of 58.2%, noted a mean Parkinson's 

Disease Questionnaire-39 (PDQ-39) summary index score of 44.6 (SD 17.6) [238]. With a sample size of 

480 we calculated that we could estimate a mean PDQ-39 score with the following precision of 

approximately +/- 3.3 points. This 95% confidence interval range is sufficiently precise for descriptive 

purposes. Further sub-groups e.g., by age group and gender are less precise. 

3.1.9. Data management  

3.1.9.1. Screening log  

All patients who were identified as potential participants were entered onto the screening log and the 

outcome of eligibility screening and, if relevant, reason for ineligibility, was recorded. I also captured 

whether a response was received unprompted following the postal invitation or whether one or more 

prompt telephone calls was conducted and, if so, the total number of successful calls in which a patient 

or their formal/informal caregiver was reached. I additionally noted whether a further invitation pack 

was sent at any point.  

3.1.9.2. Data entry 

Upon return of a completed patient questionnaire, the BDI-II was checked to identify any with a total 

score indicating severe depressive symptoms or a response to the relevant item indicating potential 

suicidality, so that these could be actioned as per the agreed procedure (see appendix H).  

Questionnaire responses, self-completed by participants or completed with telephone support, were 

entered into REDCap, a secure online electronic data capture system which stores the data in a central 

University of Bristol server, with the majority of data entered by team members under my direction. 

Individuals entering data were trained in how to use REDCap and in how to enter the data required for 

this study. They were encouraged to discuss with me as the chief investigator, on a case-by-case basis, 

anything which they were uncertain about when entering data, such as the correct procedure for 

entering specific medications. If a participant was unable to provide the date of parkinsonism diagnosis 

or current medications, or a dose was recorded with appeared implausible, the chief investigator 

clarified this information with reference to clinical records. ‘Other’ responses for level of educational 

level were assigned, where possible, to one of the seven categories based on equivalence of the 

qualification.  

Data were exported from REDCap and imported into Stata 17 for data cleaning and analysis.  
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3.1.9.3. Coding and derived variables 

A count of comorbidities was generated by summing the number of chronic condition categories 

selected by the participant from the 20 categories specified by Fortin et al [214]. Where participants 

selected ‘other’ and wrote free text responses, these were additionally counted if they appeared to 

match one or more of the ICD-10 codes specified by Fortin et al as constituting a particular chronic 

condition category [214]. Since parkinsonism was not included in the list of 20 categories, the lowest 

possible count was 0. Multimorbidity was defined as the presence of conditions in two or more 

categories.  

Duration of parkinsonism in years was calculated by subtracting the reported year of diagnosis from the 

year in which the questionnaire was sent to the participant.  

An overall count of medications was generated by summing the number of distinct pharmacologically 

active agents (excluding, for example, lubricant eye drops, emollients and multivitamins) and a binary 

variable generated to categorise the count into fewer than five versus five or more medications per day. 

Medications used as required were included in the count. PD medication was classified into drug classes 

as shown in Table 33 and a count of the number of PD drug classes was generated.  

Table 33: Classification of Parkinson's medication into drug classes. 

  

PD drug class  Medication  

Levodopa  Co-beneldopa 
Co-careldopa  
(standard release, modified release or 
dispersible)  

Dopamine agonist  Ropinirole 
Pramipexole 
Rotigotine  
(not including apomorphine- see below) 

COMT inhibitor Entacapone (either alone or in a combination 
preparation such as Stalevo) 
Tolcapone  
Opicapone  

MAO-B inhibitor  Selegiline 
Rasagiline  
Safinamide  

Amantadine  Amantadine  

Apomorphine  Infusion, subcutaneous injections or answering 
‘yes’ to the question about whether the 
participant takes apomorphine  
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The total levodopa equivalent daily dose (LEDD) was calculated using conversion formulae summarised 

by Tomlinson et al [239], together with the updated proposal by Schade and colleagues which includes a 

conversion factor for the newer agents, opicapone and safinamide [240]. A variable was derived to 

categorise participants into those on taking fewer than five versus five or more doses of levodopa per 

day, as per the 5-2-1 criteria proposed by a Delphi panel to identify patients progressing to advanced PD 

[110]. The anticholinergic cognitive burden score was generated by flagging medications with a score of 

1, 2 or 3, as per the 2012 update to the Anticholinergic Cognitive Burden scale, and then totalling these 

scores [241, 242]. The score was dichotomised into three or more versus less than three since a total 

score of three or more is considered clinically relevant [242]. 

Scores were calculated for the following eight domains as described in the PDQ-39 validation paper: 

mobility, activities of daily living, emotional wellbeing, stigma, social support, cognition, communication, 

bodily discomfort. Domain scores were calculated by summing the item responses (from 0/Never to 

4/Always) and then transformed to range from 0 to 100 by dividing the domain total by the maximum 

possible domain total and multiplying it by 100 [198]. The social support domain consists of three 

questions, one of which was not applicable if the participant does not have a spouse or partner; in this 

case, the domain score is calculated by summing the other two questions and dividing by two as per the 

user manual [243]. The PDQ-39 summary index (PDQ-39SI) was calculated by dividing the sum of the 

domains scores by eight to give a score between 0, representing no problem at all, through to 100 

representing the maximum level of problem [238].  

The SHARE-FI75+ responses were coded as described by the authors such that a positive answer to the 

fatigue and appetite questions was score as 1 and a negative answer as 0. A positive answer to either or 

both of the questions about weakness was scored as 1 and two negative answers was scored as 0. The 

question on slowness/gait was coded in terms of four sub-variables, gait1 to gait4, in which gait1 was 

coded as 1 (and the others coded as 0) if the participant selected the first option to indicate that they 

can walk without help or support, gait 2 coded as 1 (and the other gait sub-variables coded as 0) if the 

participant selected the second option, and so forth [195]. Finally, the question about physical activity 

was coded from 1 to 4, where 1 indicated engagement in the specified activities “more than once per 

week” and 4 indicating “hardly ever or never” [195]. The SHARE-FI75+ frailty score was calculated for 

males and females, using the formula specified in the technical appendix (see appendix I), to generate a 

score between 0 and 1. This was then categorised into non-frail if the score was between 0- 0.24999, 

pre-frail if between 0.25- 0.74999 and frail if 0.75-1.  
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The five components of SARC-F, each varying from 0-2 were summed to generate a score between 0 to 

10. A binary outcome was outcome was generated to categorise scores of less than four or equal to or 

greater than four, since a score of four or more has been found to be predictive of sarcopenia [196].  

The SCREEN-14 item scores, which can range from 0 to 4, were totalled to generate a score between 0 

to 64 where a score of less than 50 is considered to indicate high nutritional risk which, in clinical 

practice, should prompt referral to dietitian for further assessment and intervention, with a score of less 

than 54 triggering health promotion and education [192]. A validation study among octogenarians 

suggested a lower cut point of less than 49 for high nutritional risk [194]. Since this study includes 

participant over a range of ages, a cut off of less than 50 was used to define high nutritional risk.  

Each item of the NMSQ was scored as 0 or 1, to indicate if a symptom was reported as absent/present in 

the past month respectively, and the items summed to generate a total score. The items were 

categorised into ten domains based on those specified in the paper reporting the pilot study [220] and 

following personal communication with Professor Chaudhuri.  

The four Scopa-AUT response options were coded such that “never” represents a score of 0, 

“sometimes” a score of 1, “regularly” a score of 2 and “often” a score of 3 and the item scores totalled 

to generate a score between 0 and 69 in which a higher score reflects a greater burden of autonomic 

dysfunction [200].  

The scores, between 0 and 3, for each of the 21 items of the BDI were totalled to generate an overall 

score which was categorised into minimal (total score 0-13), mild (14- 19), moderate (20- 28) and severe 

(29- 63) based on the BDI-II manual.   

The five variables of the ICECAP-O were scored such that full capability of an attribute has the value ‘4’ 

and the lowest capability state a score of ‘1’. The rescaled values, provided by the authors, were then 

used to generate an overall ICECAP-O tariff ranging from 0 (the lowest possible health state in which the 

lowest capability level was selected for all five questions: 11111) to 1 (the highest possible health state 

in which the highest capability level was selected for all five questions: 44444) [197].  

The Patient Activation Measure was scored using the Excel document score sheet provided by Insignia, 

since the scoring algorithm is not provided directly to researchers. As per the instructions from Insignia, 

‘not applicable’ was entered if the participant had selected this answer or was unable to answer a 

question (which was assumed to be the case if one or more items were left blank within a PAM 

questionnaire which had otherwise been completed).  This generated a total PAM score between 0 and 
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100, which was categorised into level 1 (a score of 0- 47.0), level 2 (47.1- 55.1), level 3 (55.2- 72.4) and 

level 4 (72.5- 100), where a lower score represents a lower activation level [225]. As stated in the PAM 

material, participants who selected ‘not applicable’ for more than three items were given a score of 51 

and assigned to level 2. Insignia’s scoring algorithm adjusts scores which deviate from the known 

difficulty structure of PAM and which are therefore considered unreliable: participants who select either 

‘strongly disagree’ or ‘strongly agree’ for all items are scored as level 1 and level 4 respectively, whilst 

surveys scored as ‘agree’ for all items, which would equate to a score of 56 (level 3) are defaulted to a 

score of 52 (level 2) [244].   

A dichotomised variable was generated to indicate whether a participant was physically disabled or not, 

based on the ADL domain of the PDQ-39, for participants who completed a full patient questionnaire 

booklet, and the Bristol Activities of Daily Living Scale for participants whose questionnaire booklet was 

completed by representative. Physical disability was assumed to be present if the participant answered 

that they ‘often’ or ‘always’ had difficulty with any of the 6 tasks specified within the PDQ-39 or if the 

representative answered that the participant was unable to do any of the 20 activities of daily living 

listed.  

3.1.10. Statistical analysis  

3.1.10.1. Baseline characteristics and comparison to other populations  

I wanted to have some assessment of the representativeness of the PRIME sample. I therefore chose 

two different samples that a priori were considered to be more or less representative than PRIME.  The 

characteristics of participants recruited to this cross-sectional study were compared to the 

characteristics of patients with prevalent PD in CPRD on the midpoint of 2019 and with one or more 

clinical codes for parkinsonism prior to this. The year 2019 was chosen since this was the closest 

timepoint to the point of PRIME data collection available within the dataset requested for the study 

described in chapter 2. For this comparison, the type of parkinsonism was defined as the type of 

parkinsonism recorded closest to 1st July 2019 but not after this date.  As CPRD is a routine healthcare 

database system, this sample should include all parkinsonism subjects under primary care and can be 

considered the “gold standard” (response rate ≈ 100%).  

I also accessed the Parkinson’s Real World Impact assesSMent (PRISM) study dataset since this study 

also had a cross-sectional design [245]. The PRISM study recruited people with PD with assistance from 

PD advocacy groups in each country, by providing leaflets at PD advocacy events, and campaigns via 
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email and social media [245]. I limited the data to the UK component of this European online self-

completion PD study.  

3.1.10.2. How did recruitment strategy influence participant characteristics? 

I compared the following characteristics of patients recruited with and without one or more prompt 

telephone calls: age, gender, parkinsonism duration, care home status, type of parkinsonism (atypical 

versus idiopathic PD), frailty score, non-motor symptom burden and patient activation level.  

Means were compared using a t-test and proportions using a z-test of proportions in which the null 

hypothesis was that there is no difference in means or proportions between two groups [246]. 

3.1.10.3. Descriptive analysis 

Descriptive results were summarised using mean plus standard deviation for normally distributed 

variables and median plus interquartile range for skewed variables. As the proportion of missing data 

was low (less than 5%, except for BDI-II, BMI and NMSQ which had 6%, 8% and 16% missing data 

respectively), I conducted a complete case analysis as multiple imputation would add complexity and 

not alter the results in any meaningful way. The number and percentage of participants without a score 

for each given measure are reported below.  

3.1.10.4. Burden of symptoms by age, disease duration and gender  

Multivariable linear regression models were used to test simple associations- between age, gender and 

disease duration and disease/quality of life scores. My a priori hypotheses were that we would show 

worse health needs and greater disability with increasing age, disease duration and with male gender.  

3.1.10.5. Overlap of aspects of complexity and association between frailty and functional status  

Venn diagrams were used to display the proportion of individuals with frailty/pre-frailty, multimorbidity, 

disability, sarcopenia and polypharmacy and to show how these overlapped. 95% confidence intervals 

were calculated for these proportions.  

To explore the association between frailty, measured using the SHARE-FI75+ score, to predict activities 

of daily living, the PDQ-39 ADL domain score was generated by summing the scores of the six relevant 

items and transforming the score to have a range of 0 (no problem at all) to 100 (maximum level of 

problem). PDQ-39 was only measured in participants with capacity who were able to self-complete the 

‘full’ patient questionnaire booklet and so analysis was restricted to these individuals.  
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The SHARE-FI75+ score was generated as described in 0, using the formula provided by the authors. It 

was also generated using this formula but dropping the age term from the formula. The frailty score was 

then converted to a Z score (with a mean of 0 and a standard deviation of 1) by subtracting the mean 

frailty score and dividing by the SD of the frailty score.   

Multivariable linear regression was used to explore the association between frailty and the PDQ-39 ADL 

domain with age included in SHARE-FI75+ or added as a covariate.  
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3.2. Results  

3.2.1. Recruitment flowcharts  

As shown in (Figure 17), 1,429 patients were screened for possible inclusion in the study, 1,168 of whom 

met the eligibility criteria to be invited. 136 of those originally invited were subsequently found to be 

ineligible for the study, because they had moved out of area (n = 13), deceased before consenting to the 

study (n = 99), their diagnosis of parkinsonism had been revised to an alternative diagnosis (n = 6) or 

they were found to lack capacity to consent and had no personal consultee (n = 18). Of 1,032 patients 

confirmed as eligible for the study, 303 (29%) declined to take part, 187 (18%) did not respond with a 

final decision and 542 (53%) participants were recruited to the study. Of these 542 participants, 38 

lacked capacity to consent and so took part with a representative, after a personal consultee had 

advised on their wishes and signed the consultee declaration. 477 patient participants returned at least 

some completed questionnaire responses, including 32 who had been recruited with a representative. 

The reasons why participants, who had consented to the study, subsequently did not return 

questionnaire data are summarised in Figure 17. Withdrawal refers to a participant who requested to 

withdraw their consent completely so that, in addition to not completing a questionnaire, they no 

longer agreed to other items on the consent form, such as exchange of information between healthcare 

providers and the research team (for example routinely collected hospital data).  Discontinuation refers 

to a patient who consented to the study but then later actively declined to complete the questionnaire, 

although without withdrawing their consent.  17 patient participants did not return a questionnaire but 

had not explicitly asked to discontinue.  

Of 1,032 patients confirmed as eligible for the study, it was not possible to establish for 219 of these 

whether or not they had someone who cared for, supported or lived with them (an ‘informal caregiver’) 

(Figure 18). Of the 813 in whom this could be established, 708 (87%) identified an informal caregiver and 

105 responded that they did not have an informal caregiver. Out of 708 informal caregivers identified, 

376 (53%) were recruited to the study. 351 of the recruited caregivers were recruited together with the 

person with parkinsonism they cared for and 25 were recruited alone. A total of 332 out of 708 

caregivers identified (47%) declined, were found to be ineligible or did not respond with a final decision. 

323 caregivers returned at least some completed questionnaire data. Patient participants are the focus 

of these results and so caregiver results will not be presented further.  
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Figure 17: Flowchart of patient recruitment 
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Figure 18: Flowchart of caregiver recruitment 
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3.2.2. Objective 1: To describe the characteristics of recruited participants and evaluate the 

success of strategies which aimed to recruit a more representative sample 

3.2.2.1. Participant characteristics  

The mean age of participants with parkinsonism recruited to the PRIME cross-sectional study, with or 

without a representative, was 75.9 (SD 8.5) years and 65.0% were male (Table 34). The median duration 

of parkinsonism was 5 years, ranging from less than one year to 41 years. 23 (4.8%) of participants were 

resident in a care home. 412 (86.4%) self-reported that they have idiopathic PD, 35 (7.3%) an atypical 

parkinsonian syndrome, 10 (2.1%) PD dementia and 10 (2.1%) vascular parkinsonism. Characteristics 

were generally similar in men and women, including median disease duration. A greater proportion of 

females were aged 80 years and over (42% compared to 27% of males) and mean age was slightly higher 

in females (76.8 and 75.3 years in females and males respectively). A greater proportion of females were 

widowed.  

Table 34: Characteristics of participants in the PRIME cross-sectional study, including stratified by gender 

Characteristics All participants 
n = 477 

n (%) 

Male 
n = 310 (65.0%) 

n (%) 

Female 
n = 167 (35.0%) 

n (%) 

Age group   
40-59  
60-64  
65-69  
70 -74  
75- 79  
80-84  
85- 89  

90 +  

 
21 (4.4) 
29 (6.1) 

59 (12.4) 
102 (21.4) 
113 (23.7) 
79 (16.6) 
62 (13.0) 
12 (2.5) 

 
11 (3.6) 
20 (6.5) 

48 (15.5) 
65 (21.0) 
83 (26.8) 
42 (13.6) 
35 (11.3) 

6 (1.9) 

 
10 (6.0) 
9 (5.4) 

11 (6.6) 
37 (22.2) 
30 (18.0) 
37 (22.2) 
27 (16.2) 

6 (3.6) 

Ethnicity 
White English/Welsh/Scottish/Northern Irish  

White Irish  
Any other white background   

Asian/Asian British: Chinese  
Any other ethnic group   

Missing  

 
462 (96.9) 

4 (0.8) 
5 (1.1) 
1 (0.2) 
4 (0.8) 
1 (0.2) 

 
300 (96.8) 

2 (0.7) 
3 (1.0) 
1 (0.3) 
3 (1.0) 
1 (0.3) 

 
162 (97.0) 

2 (1.2) 
2 (1.2) 
0 (0) 

1 (0.6) 
0 (0) 

Employment status* 
Retired  

Unemployed and seeking work   
Unemployed through sickness/disability  

Employed full time   
Employed part time   

Self-employed   
Doing voluntary work   

 
400 (89.9) 

1 (0.2) 
8 (1.8) 
6 (1.4) 

12 (2.7) 
11 (2.5) 
2 (0.5) 

 
266 (85.8) 

1 (0.3) 
3 (1.0) 
4 (1.3) 
7 (2.3) 
8 (2.6) 
1 (0.3) 

 
134 (80.2) 

5 (3.0) 
2 (1.3) 
5 (3.3) 
3 (2.0) 
1 (0.7) 
3 (2.0) 
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Characteristics All participants 
n = 477 

n (%) 

Male 
n = 310 (65.0%) 

n (%) 

Female 
n = 167 (35.0%) 

n (%) 

At home doing housework 
Missing 

4 (0.9) 
1 (0.2) 

1 (0.3) 
1 (0.3) 

0 (0) 
0 (0) 

Educational level  
No formal education 

O levels, CSEs, O grades or equivalent 
NVQ levels 1-3/GNVQ 
A levels or equivalent 

NVQ levels 4-5, HNC, HND 
Degree 

Higher degree (Masters or PhD) 
Other 

Representative did not know 
Did not answer 

 
71 (14.9) 

114 (23.9) 
27 (5.7) 

55 (11.5) 
50 (10.5) 

100 (21.0) 
43 (9.0) 
10 (2.1) 
3 (0.6) 
4 (0.8) 

 
44 (14.2) 
75 (24.2) 
22 (7.1) 
25 (8.1) 

33 (10.7) 
70 (22.6) 
30 (9.7) 
6 (1.9) 
2 (0.7) 
3 (1.0) 

 
27 (16.2) 
39 (23.4) 

5 (3.0) 
30 (18.0) 
17 (10.2) 
30 (18.0) 
13 (7.8) 
4 (2.4) 
1 (0.6) 
1 (0.6) 

Marital status 
Married  

Civil partnership   
Separated (after being married)  

Divorced  
Widowed  

Single (never married)   
Other 

Missing 

 
324 (67.9) 

4 (0.8) 
7 (1.5) 

40 (8.4) 
77 (16.1) 
19 (4.0) 
5 (1.1) 
1 (0.2) 

 
236 (76.1) 

4 (1.3) 
5 (1.6) 

20 (6.5) 
28 (9.0) 
13 (4.2) 
3 (1.0) 
1 (0.3) 

 
88 (52.7) 

0 (0) 
2 (1.20 

20 (12.0) 
49 (29.3) 

6 (3.6) 
2 (1.2) 
0 (0) 

Living situation  
Own home (owned/rented)  

With family/friends  
Sheltered housing  

Residential/nursing home   
Missing 

 
431 (90.4) 

12 (2.5) 
10 (2.1) 
23 (4.8) 
1 (0.2) 

 
282 (91.0) 

9 (2.9) 
5 (1.6) 

13 (4.2) 
1 (0.3) 

 
149 (89.2) 

3 (1.8) 
5 (3.0) 

10 (6.0) 
0 (0) 

Diagnosis  
Parkinson’s disease  

Parkinson’s disease dementia   
Dementia with Lewy Bodies  

Progressive supranuclear palsy   
Multiple System Atrophy  

Vascular parkinsonism  
CBD   

Don’t know 

 
412 (86.4) 

10 (2.1) 
17 (3.6) 
12 (2.5) 
6 (1.3) 

10 (2.1) 
0 (0) 

10 (2.1) 

 
267 (86.1) 

9 (2.9) 
14 (4.5) 
6 (1.9) 
1 (0.3) 
7 (2.3) 
0 (0) 

6 (1.9) 

 
145 (86.8) 

1 (0.6) 
3 (1.8) 
6 (3.6) 
5 (3.0) 
3 (1.8) 
0 (0) 

4 (2.4) 

Disease duration  
< 2 years   
2-5 years  

5-10 years   
10- 20 years   

20+ years 

 
79 (16.6) 

142 (29.8) 
154 (32.3) 
88 (18.5) 
14 (2.9) 

 
57 (18.4) 
88 (28.4) 

102 (32.9) 
58 (18.7) 

5 (1.6) 

 
22 (13.2) 
54 (32.3) 
52 (31.1) 
30 (18.0) 

9 (5.4) 

*Employment status question included in full patient questionnaire booklet but not in booklet completed by 

representatives.  
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Figure 19 and Figure 20 show histograms of parkinsonism duration and age respectively. Duration was 

positively skewed, whilst age was slightly negatively skewed, indicating that in my population more 

people had Parkinson’s for between 0-10 years, although some individuals had a longer duration, and 

the cohort tended to be older.    

 

Figure 19: Histogram of duration of parkinsonism in years. 
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Figure 20: Histogram of age distribution of participants in years. 

 

 

3.2.2.2. Strategies to optimise recruitment  

One of the main strategies I used in this study to try to recruit a representative sample, including hard-

to-reach individuals, was to follow up the postal invitation with one or more telephone calls.  

Of 1,168 invited patients, 490 did not require a call because they consented, declined or were found to 

have deceased before a follow up call was made. 650 out of 678 individuals requiring a call were 

reached on one or more occasion (including contact with their formal/informal caregiver) and a total of 

over 900 calls were made overall, with patients receiving between 1 and 6 calls as shown in Table 35.  
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Table 35: Number of successful telephone calls conducted to 678 individuals requiring telephone contact 

Total number of successful 
calls 

Number of patients receiving 
each number of calls 

0 28 

1 438 

2 157 

3 47 

4 6 

5 1 

6 1 

 

If patients reported that they had not received or had mislaid the invitation pack, they were offered a 

new invitation pack. Over 300 follow up packs were sent out after the initial invitation, with some 

patients being sent up to three packs.  

Table 36 shows the eventual outcome for the 650 patients who received one or more telephone 

prompts following postal invitation. 167 consented to the study following one or more telephone calls, 

which represents 30.8% of the 542 recruited patient participants.  22 out of 38 (57.9%) of participants 

recruited with a representative were recruited following one or more calls.  

 

Table 36: Final outcome for 650 patients who received one or more telephone prompts 

Final outcome  Number of 
patients 

Recruited to the study (with or without a representative)  167 

Eligible but declined to take part 267 

No final decision received  158 

Subsequently determined to be ineligible  58 

 

 

Table 37 shows the total number of calls received by patients who were recruited following one or more 

telephone calls and highlights that, although the yield from prompt calls reduced with each subsequent 

call, a small number of participants were recruited after three or four calls. 156 out of 167 (93.4%) 

participants recruited following a prompt call were recruited after one or two calls, with a further 11 out 

of 167 (6.7%) recruited after three or four calls.  
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Table 37: The number of calls received prior to recruitment in 167 patients recruited after a telephone 
prompt 

  

 Number of calls prior to recruitment 

1 2 3 4 

Patient recruited without a representative  94 42 9 0 

Patient recruited with a representative 19 1 1 1 

 

3.2.2.3. Comparison to other study populations  

Table 38 shows the characteristics of participants who took part in the PRIME cross-sectional study, 

alongside the demographics of UK participants in the PRISM study and individuals under follow-up 

within CPRD, a database of routinely collected primary care data, at the midpoint of 2019. PRISM 

appears to have oversampled women, whilst the gender ratio in PRIME more closely matches CPRD. The 

mean age of PRIME participants was 75.9 (SD 8.5) years, whilst it was 75.3 (9.5) years and 65.4 (8.9) 

years for CPRD patients and PRISM participants respectively. More than half of PRIME participants were 

aged 75 years and over, in comparison to PRISM in which 16% of participants were 75 years and over. 

This more closely matches the age structure of patients within the CPRD database, in which 53% were 

75 years and over. Disease duration was found to be similar in PRIME and PRISM, but patients within 

CPRD appeared to have a shorter disease duration. This suggests that duration derived from primary 

care diagnostic and prescription codes (as described in chapter 2) may be under-estimating duration of 

parkinsonism and/or that patient recall of year of diagnosis in PRIME may over-estimate duration, since 

patients may remember when their GP first mentioned the possibility of parkinsonism, whilst the date 

coded in CPRD may reflect subsequent confirmation by a specialist. PRISM restricted recruitment to 

people with PD, so comparison of type of diagnosis is not possible. Comparison of PRIME with CPRD 

data would suggest that PRIME may have slightly under-represented people with PD dementia (2.1% in 

PRIME compared to 3.5% in CPRD), as well as people with atypical parkinsonism (total 9.5% in PRIME 

diagnosed with DLB, PSP, MSA, CBD and vascular parkinsonism, compared to 11.7% in CPRD). PRIME 

participants were also less ethnically diverse than patients for whom ethnicity was recorded within 

CPRD HES, which reflects the local population covered by PRIME catchment as compared to CPRD.   
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Table 38: Comparison of PRIME participants to other study populations (CPRD and UK participants of the 
PRISM cross-sectional study)  

Characteristics PRIME 
 

n (%) 

PRISM (UK) 
[245] 
n (%) 

CPRD* 
 

n (%) 

Gender 
Male  

Female  
Other 

Prefer not to say 

 
310 (65.0) 

167 (35.05) 
0 (0) 
0 (0) 

 

 
97 (46.0) 

112 (53.1) 
1 (0.5) 
1 (0.5) 

 
3,719 (60.8) 
2,397 (39.2) 

0 (0) 
0 (0) 

Age group  
<40  

40-59  
60-64  
65-69  
70 -74  
75- 79  
80-84  
85- 89  

90 +  
Missing 

 
0 (0) 

21 (4.4) 
29 (6.1) 

59 (12.4) 
102 (21.4) 
113 (23.7) 
79 (16.6) 
62 (13.0) 
12 (2.5) 

0 (0) 

 
0 (0) 

60 (28.2) 
35 (16.4) 
41 (19.3) 
41 (19.3) 
24 (11.3) 

9 (4.2) 
1 (0.5) 
0 (0) 

2 (0.9) 
 

 
6 (0.1) 

382 (6.3) 
530 (8.7) 

762 (12.5) 
1,204 (19.7) 
995 (16.3) 

1,391 (22.7) 
648 (10.6) 
198 (3.2) 

0 (0) 

Ethnicity†                                                                

White 
Asian/Asian British: Chinese 
Asian / Asian British: Indian 

Asian / Asian British: Pakistani 
  Any other Asian background 

Black / African / Caribbean / Black British: African 
Black / African / Caribbean / Black British: Caribbean 

Any other ethnic group 
Mixed 

Missing/not recorded  

 
471 (98.7) 

1 (0.2) 
0 (0) 
0 (0) 
0 (0) 
0 (0) 
0 (0) 

4 (0.8) 
0 (0) 

1 (0.2) 

 
Not recorded 

 
1059 (93.9) 

2 (0.2) 
15 (1.3) 
5 (0.4) 
8 (0.7) 
1 (0.1) 

11 (1.0) 
9 (0.8) 
4 (0.4) 

 

Diagnosis  
Parkinson’s disease  

Parkinson’s disease dementia   
Dementia with Lewy Bodies  

Progressive supranuclear palsy   
Multiple System Atrophy  

Vascular parkinsonism  
CBD   

Don’t know 

 
412 (86.4) 
10 (2.1)  
17 (3.6) 
12 (2.5) 
6 (1.3) 

10 (2.1) 
0 (0) 

10 (2.1) 
 

 
Recruited 

people with 
‘PD’ 

 
5123 (83.7) 

213 (3.5) 
351 (5.7) 
88 (1.4) 
42 (0.7) 

266 (4.4) 
25 (0.4) 
11 (0.2) 
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Characteristics PRIME 
 

n (%) 

PRISM (UK) 
[245] 
n (%) 

CPRD* 
 

n (%) 

Disease duration (years)  
Median (range) 

 
< 2 years   
2-5 years  

5-10 years   
10- 20 years   

20+ years 

 
5 (2- 9) 

 
79 (16.6) 

142 (29.8) 
154 (32.3) 
88 (18.5) 
14 (2.9) 

 
6 (0-42) 

 
33 (15.5) 
60 (28.2) 
71 (33.3) 
40 (18.8) 

4 (1.9) 

 
3.5 (0- 37.5) 

 
1,932 (31.6) 
1,988 (32.5) 
1,681 (27.5) 

463 (7.6) 
55 (0.9) 

*Patients under CPRD follow-up on the mid-point of 2019 
† Ethnicity available for n = 1114 of patients under CPRD follow-up on the midpoint of 2019 

 

 

 

 

The median PDQ-39 SI score amongst PRIME participants with capacity to consent to the study was 27.7 

(IQR 14.5, 40.3), where a higher score indicates worse quality of life, which was higher than the median 

PDQ-39 SI score amongst UK participants in the PRISM survey (24.3, IQR 11.6, 39.9) (Table 39). In 

contrast, PRISM participants had a slightly higher mean NMSQ score (11.7, SD 5.7 versus 10.8, SD 5.4), 

indicating a higher burden of non-motor symptoms. In both cases, the difference in mean scores 

between the groups appeared to be consistent with chance. The proportion of participants with missing 

data for NMSQ was higher than for the PDQ-39 SI in both PRIME and PRISM, with 22.1% of PRISM 

participants lacking a NMSQ score compared to 16.7% of PRIME participants.  
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Table 39: Comparison of quality of life and non-motor symptom questionnaires scores between PRIME 
and PRISM participants 

Measure   PRIME 
(participants with 
capacity to 
consent)   

PRISM (UK)[245]  Difference between 
groups (95% CI); p-value  

Parkinson’s Disease 
Questionnaire-39 summary 
index  

Number of participants with 
complete data for measure   

 
Number with one or more 

missing items  
  

Mean (SD)  
  

Median (IQR)  

  
  
  
423  
  
  
21 (4.7)  
  
  
29.0 (17.5)  
  
27.7 (14.5, 40.3)  

  
  
  
212  
  
  
1 (0.5)  
  
  
27.5 (18.4)  
  
24.3 (11.6, 39.9)  
  

 
 
 
 
 
 
 
 
 
1.5 (-1.4 to 4.4); p= 0.32 

Non-motor symptom 
questionnaire   

Number of participants with 
complete data for measure  

  
Number with one or more 

missing items (%)  
  

Mean (SD)  
  

Median (IQR)  
  

  
  
370  
  
  
74 (16.7)  
  
  
10.8 (5.4)  
  
10 (6, 15)  

  
  
166  
  
  
47 (22.1)  
  
  
11.7 (5.7)  
  
12 (8, 16)  

 
 
 
 
 
 
 
 
-0.9 (-1.9 to 0.1); p= 0.08 
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3.2.2.4. The characteristics of patient participants recruited with or without telephone prompt 

Table 40 shows the mean age, duration of parkinsonism, SHARE-FI75+ frailty score and non-motor 

symptom questionnaire (NMSQ) score in the 335 individuals recruited without a telephone prompt 

compared to the 142 recruited after one or more telephone calls. The table also displays the proportion 

of those recruited with or without a telephone prompt who are male, live in a care home and have an 

atypical form of parkinsonism.  

Interestingly, whilst there was little difference in mean age and disease duration between those 

recruited with or without a prompt call, there were other marked differences. Participants recruited 

after one or more telephone calls were more likely to be female, living in a care home, diagnosed with 

an atypical form of parkinsonism and to have a higher frailty score. There was moderate evidence to 

support a slightly higher non-motor symptom score and lower patient activation score, measures which 

were only captured in those with capacity to consent, amongst those recruited after one or more calls.  

 

Table 40: The characteristics of patient participants recruited with or without telephone prompt 

Patient characteristics   No telephone 
call required 

(total n = 335)  

Consented 
after 1 or more 
telephone calls 
(total n = 142) 

Difference between groups: one 
or more calls vs no calls 

(95% CI) 

p-value 

Mean age (years)  75.4 76.8 1.4 (-0.3; 3.1) 0.10 

Gender (% male)   69.0 55.6 -13.3 (-3.8; -22.9) 0.005 

Mean PD duration (years)  6.4 6.1 -0.3 (-1.4; 0.8) 0.58 

Care home status   
(% in a care home)   

3.0 9.2 6.2 (1.1; 11.2) 0.004 

Type of parkinsonism (% with 
atypical PD)  

7.8 20.4 13.7 (5.4; 19.9) < 0.001 

Mean frailty (SHARE-FI 75+) 
score   

0.4 0.6 0.2 (0.1; 0.2) < 0.001 

Mean non-motor symptom 
score (NMSQ)* 

10.4 11.8 1.4 (0.2; 2.7) 0.023 

Mean patient activation 
score (PAM)* 

54.9 51.1 -1.50 (-0.9; -6.8) 0.011 

*Only assessed in patients with capacity to consent to the study  
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3.2.2.5. Key findings from objective 1 

- More than half of PRIME cross-sectional participants were over 75 years, and the sample 

included some care home residents and adults with impaired capacity to consent 

- 21% of participants had a parkinsonism duration of over 10 years, ranging from less than 1 to 41 

years  

- Participants recruited after one or more prompt telephone calls were more likely to be female, 

living in a care home, diagnosed with an atypical parkinsonism and to have a higher frailty score. 

Failure to include such subjects in PD studies will bias samples towards milder disease.  

 

 

3.2.3. Objective 2: The symptoms and experience of people with parkinsonism and associations 

with age, gender and disease duration. 

3.2.3.1. Symptoms and experience  

For participants who had capacity to consent to the study, the percentage who had complete data for 

each measure, together with descriptive statistics for each measure, is shown in Table 41. The 

percentage of missing data was generally less than 10%, except for the NMSQ for which 16% of 

participants had one or more missing items, meaning that a total score for these participants could not 

be generated using a complete case analysis.  

 

Table 41: Summary statistics for measures completed by participants with capacity to consent to the 
study. 

Measure Number (%)*  Score† Range  

Non-motor symptom questionnaire (NMSQ) 373 (84%) 10.8 (5.4) 0- 29  

Autonomic symptom burden (Scopa-AUT) 423 (95%) 15.2 (7.8) 0- 52 

Beck depression inventory (BDI-II) 418 (94%) 12 (7; 18)  0- 51 

Parkinson’s Disease Questionnaire-39 summary 
index   

423 (95%) 27.7 (14.5; 40.3) 0 - 97 

ICECAP-O  436 (98%) 0.8 (0.2) 0- 1 

Patient activation measure  438 (98%) 53.9 (14.0) 0- 100 
*From total of 445 participants who completed ‘full’ booklet who have data for measure. 

 †Data are mean (SD) or median (IQR) unless specified. 
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Over 80% of participants had experienced symptoms in the gastrointestinal, urinary tract and 

sleep/fatigue domains in the past month before questionnaire completion (Figure 21). 50% of 

participants reported that they had experienced sexual dysfunction. The least common domains 

affected were hallucinations/delusions and pain (unrelated to other causes).  

 

Figure 21: The percentage of participants with capacity experiencing one or more non motor symptoms 
in each domain 

 

Table 42 shows the percentage of participants categorised into minimal, mild, moderate, severe 

depression based on their BDI-II score.  77 (18.4%) had a score consistent with mild depressive 

symptoms, 64 (15.3%) with moderate depressive symptoms and 27 (6.5%) with a total score suggestive 

of severe depressive symptoms. Of 439 patients who answered the item about suicidal thoughts and 

intent, 76 (17.3%) reported suicidal thought without intent, whilst 6 (1.4%) gave an answer indicating 

suicidal intent. The latter group were followed up as per the procedure described in appendix H. Table 

42 also shows the categorisation of scores on the PAM. 279 (64.7%) were categorised as being in the 

lowest two levels of activation.  
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Table 42: Categorical variables measured in participants with capacity to consent. 

Measure   N (%)  

Beck depression inventory   
0- 13 (Minimal)  

14- 19 (Mild depression)  
20- 28 (Moderate depression)  

29+ (Severe depression)  

  
250 (59.8)  
77 (18.4)  
64 (15.3)  
27 (6.5)  

Patient activation  

1: Disengaged and overwhelmed  

2: Becoming aware but still struggling  

3: Taking action  

4: Maintaining behaviours and pushing further 

 

 
164 (47.4) 
115 (26.3) 
108 (24.7) 
51 (11.6) 

 

 

3.2.3.2. Associations between age, gender and disease duration and disease/quality of life measures  

Table 43 shows that there was strong evidence for an association between age and both non-motor 

symptoms and patient activation. For each 5-year increase in age, the total PAM score worsened by 1.51 

points (96% CI -0.74 to -2.28; p < 0.001), whilst non-motor symptom burden improved by 0.46 points 

(95% CI -0.13 to -0.78; p= 0.006). There was moderate evidence for a small reduction in symptoms of 

depression with age (BDI improved by 0.65 points for each 5-year increase in age; 95% CI   -0.15 to -1.16; 

p 0.012). There was no evidence of an association between age and autonomic symptoms or quality of 

life, although age does appear to be associated with some domains of PDQ-39. There is strong evidence 

for an association between age and worsening mobility (worse 4.92 points per 5-year increase in age; 

95% CI 3.09 to 6.75; p < 0.001) and between age and improvement in problems relating to stigma, 

communication and bodily discomfort, as well as improved social support. There was moderate 

evidence for a greater impairment of ADLs with age.   

 

There was strong evidence for an association between gender and PDQ-39 SI score; men had a score 

6.42 points lower than women (95% CI -2.92 to -9.92; p < 0.001), indicating better quality of life. 

However, this effect was noted more in certain domains of PDQ-39 than others, with strong evidence for 

an association between male gender and fewer problems in the mobility, emotional wellbeing, stigma, 

social support and bodily discomfort domains.  After adjustment for age, since men had a lower mean 

age then women, the effect of male gender on mobility was slightly attenuated (-12.28; 95% CI -5.80 to -

18.76; p < 0.001), whilst the effect on emotional wellbeing, stigma and social support domains was 
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mildly increased. There was moderate evidence for reduced depressive symptoms in men compared 

with women and the effect of male gender was slightly increased after adjustment for age (-2.49; 95% CI 

-0.68 to - 4.30; p = 0.007). There was no association between gender and activation level, non-motor 

symptoms, autonomic dysfunction, or in the ADL, communication or cognition domains; this remained 

the case after adjustment for age.  

Duration of parkinsonism was found to predict an increased burden of non-motor symptoms (worse 

1.24 points for each 5-year increase in duration; 95% CI 0.72 to 1.76; p < 0.001), autonomic symptoms 

(1.33; 95% CI 0.65 to 2.00; P < 0.001) and health related quality of life (3.74, 95% CI 2.26 to 5.21; p < 

0.001). There is evidence for an association between increasing duration of parkinsonism and worsening 

of all domains, except for stigma, and the effect of disease duration appears to have the greatest effect 

on mobility, ADLs and communication.  
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Table 43: Unadjusted linear regression models of the associations between age, gender and duration of 
parkinsonism and measures of disease/quality of life. 

Measure Exposure  

 Age  
(5 year increase) 

 
Coefficient (95% CI)  

p-value 

Male gender 
 
 

Coefficient (95% CI)  
p-value 

Duration of parkinsonism  
(5 year increase) 

 
Coefficient (95% CI) 

p-value 

Non-motor symptoms 
(NMSQ) 

-0.46 (-0.13; -0.78) 
p= 0.006  

-0.72 (-1.91; 0.47) 
p=0.24 

1.24; 0.72 to 1.76 
p < 0.001 

Autonomic symptoms 
(Scopa-AUT) 

-0.19 (-0.63; 0.26) 
p= 0.42 

-1.17 (-2.74; 0.41) 
p= 0.15 

1.33; 95% CI 0.65 to 2.00 
p < 0.001 

Depressive symptoms 
(BDI-II) 

-0.65 (-0.15; -1.16) 
p= 0.012 

-2.37 (-0.55; -4.19) 
p= 0.011 

0.51; 95% CI -0.28 to 1.29 
P= 0.21 

Health related quality 
of life (PDQ-39 SI)  

-0.41 (-1.40; 0.58) 
p= 0.42 

-6.42 (-2.92; -9.92) 
p < 0.001 

3.74, 95% CI 2.26 to 5.21 
p < 0.001 

PDQ-39: mobility 
domain 

4.92 (3.09; 6.75) 
p< 0.001 

-13.3 (-6.66; -19.99) 
p < 0.001 

5.98; 95% CI 3.14 to 8.81  
p < 0.001 

PDQ-39: ADL domain 1.63 (0.08; 3.18) 
p= 0.039 

-3.12 (-8.69; 2.45) 
p= 0.27 

5.81; 95% CI 3.50 to 8.12 
p < 0.001 

PDQ-39: emotional 
well-being 

-1.77 (-0.54; -3.01) 
p= 0.005 

-10.68 (-6.32; -15.03) 
p <0.001 

2.04; 95% CI 0.14 to 3.94  
P= 0.035 

PDQ-39: stigma -2.40 (-1.10; -3.70) 
p<0.001 

-7.86 (-3.17; -12.54)  
p= 0.001 

1.64 (-0.38; 3.65) 
p= 0.11 

PDQ-39: social support -1.53 (-0.48; -2.58) 
p= 0.004 

-5.47 (-9.24; -1.70) 
p= 0.005 

2.77 (1.17; 4.37) 
p= 0.001 

PDQ-39: cognitive 
impairment 

-0.30 (-1.52; 0.93) 
p= 0.64 

0.01 (-4.40; 4.12) 
p= 0.99 

2.86 (1.00; 4.72) 
p= 0.003 

PDQ-39: 
communication 

-1.81 (-0.48; -3.14)  
p= 0.008 

-0.24 (-5.04; 4.56) 
p= 0.92 

5.45 (3.47; 7.43)  
p < 0.001 

PDQ-39: bodily 
discomfort 

-2.02 (-0.63; -3.40)  
p= 0.004 

-10.69 (-5.77; -15.61) 
p < 0.001 

3.34 (1.23; 5.46)  
p= 0.002 

Patient activation 
(PAM) 

-1.51 (-0.74; -2.28) 
p< 0.001 

-1.02 (-3.80; 1.75) 
p= 0.47 

0.05 (-1.15; 1.25) 
p= 0.93 
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3.2.3.3. Key findings from objective 2 

- 40% were categorised as having symptoms consistent with some degree of depression 

- 65% of patients were in the lowest two levels of patient activation 

- Increasing age was associated with a lower activation level and with a lower burden of non-

motor symptoms  

- Longer duration of parkinsonism was associated with a greater burden of non-motor and 

autonomic symptoms and worse quality of life  

 

3.2.4. Objective 3: To describe the prevalence and interrelationship of aspects of clinical 

complexity, including frailty, multimorbidity and markers of complex parkinsonism 

3.2.4.1. Aspects of clinical complexity amongst people with parkinsonism 

Table 44 displays the clinical characteristics of patient participants, including participants who required a 

representative to complete a questionnaire on their behalf. 133 (28.2%) of participants were 

categorised as frail according to SHARE-FI75+, over half had a SARC-F score consistent with possible 

sarcopenia and over three quarters had a SCREEN-14 score suggestive of high nutritional risk. 289 

(61.8%) were classified as disabled. 337 (70.8%) have health conditions in two or more categories (not 

including parkinsonism, which was not included in the list developed by Fortin et al [214]), and thus 

could be described as multimorbid. Figure 22 is a histogram of comorbidity count, showing a positive 

skew. Nearly two thirds of patients were prescribed five or more medications. 64 (13.4%) of participants 

had a total anticholinergic cognitive burden score of three or more.  
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Table 44: Clinical characteristics of patient participants, including those which contribute to clinical 
complexity. 

Measure N (%) Number (%) of 477 patient 
participants who have data 
for measure 

Frailty (SHARE-FI 75+)  
Non-frail  
Pre-frail  

Frail 

 
142 (30.2) 
196 (41.6) 
133 (28.2) 

 
471 (99%) 

Number of comorbidities  
0 
1 
2 
3 
4 

5+ 

 
30 (6.3) 
109 (22.9) 
90 (18.9) 
94 (19.8) 
66 (13.9) 
87 (18.3) 

 
476 (99.8%) 

Sarcopenia 
Score <4 

Score of 4 or more (possible sarcopenia) 

 
220 (47.3) 
245 (52.7) 

 
465 (97%) 

Nutritional risk  
54 or more (low risk) 

< 54 (high risk) 

 
104 (22.4) 
360 (77.6) 

 
464 (97%) 

Body mass index  
Underweight (BMI <18.5 kg/m2) 

Normal weight (BMI 18.5- 24.9 kg/m2) 
Overweight (BMI 25- 29.9 kg/m2) 

Obese (Over 30 kg/m) 

 
15 (3.4) 
190 (43.2) 
166 (37.7) 
69 (15.7) 

 
440 (92.2%) 

Disability  
No 
Yes 

 
179 (38.3) 
289 (61.8) 

 
468 (98%) 

Number of prescribed medications 
<5 medications 

5 or more medications 

 
176 (36.9) 
301 (63.1) 

 
477 (100%) 

Anticholinergic cognitive burden score  
< 3 

3 or more 

 
413 (86.6) 
64 (13.4) 

 
477 (100%) 

Number of falls in the last 12 months  
None 

1-2 
3-4 

5 or more 

 
205 (43.2) 
136 (28.6) 
61 (12.8) 
73 (15.4) 

 
475 (99.6%) 

Number of near falls in the last 12 months 
None 

1-2 
3-4 

5 or more 
Not known 

 
150 (31.9) 
136 (28.9) 
66 (14.0) 
118 (25.1) 
1 (0.2) 

 
471 (98.7%) 
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Figure 22: Histogram of number of comorbidities. 

 

3.2.4.2. Markers of advanced/complex parkinsonism  

18 (3.8%) of participants used a device aided therapy, including subcutaneous apomorphine, levodopa-

carbidopa intestinal gel or deep brain stimulator (Table 45). 24 (5.0%) of participants were on no 

Parkinson’s medications, of whom 12 (50.0%) reported that they had an atypical parkinsonian syndrome 

or vascular parkinsonism. 70 (14.7%) were on three or more classes of PD medication. 441 (92.5%) of 

patients were prescribed levodopa, 145 (30.4%) a dopamine agonist, not including apomorphine, 60 

(12.6%) a COMT inhibitor and 81 (17.0%) a MAO-B inhibitor (Figure 23). 

Of the 441 patients taking levodopa, 193 (43.8%) were prescribed five or more doses per day (Table 45). 

Figure 24 shows the histogram of total LEDD, showing a positive skew. Median LEDD was 505mg, 

ranging from 0 to 2443mg.  
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Table 45: Use of anti-Parkinson’s therapy, including markers of advanced/complex PD.  

Drug characteristic N (%)  

Number of PD drug classes  
0 
1 
2 
3 
4 
5 

 
24 (5.0) 
250 (52.4) 
133 (27.9) 
52 (10.9) 
17 (3.6) 
1 (0.2) 

Five or more doses of levodopa per day (for n = 441 on levodopa)  
No 
Yes 

 
248 (56.2) 
193 (43.8) 

Device-aided therapy  
Any  
DBS  

Apomorphine  
Levodopa-carbidopa intestinal gel 

 
18 (3.8) 
8 (1.7) 
9 (1.9) 
2 (0.4) 

 

 

Figure 23: Percentage of participants currently prescribed anti-PD or memory-enhancing medication 
(rivastigmine) by medication class. 
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Figure 24: Histogram of participant levodopa equivalent daily dose (milligrams). 

 

3.2.4.3. Interrelationship of frailty, disability and multimorbidity. 

Of 465 patient participants with complete data for frailty, comorbidities and disability, 67 (14.4%; 95% CI 

11.3- 17.9%) were categorised as neither frail nor multimorbid nor disabled (Figure 25). Whilst all three 

clinical entities were observed in isolation, almost all patients with frailty were additionally living with 

disability and/or multimorbidity and all except 11 of 132 participants with frailty (8.3%; 95% CI 4.2- 

14.4%) were categorised as disabled. Only 44 participants (9.5%; 95% CI 7.0- 12.5%) were categorised as 

disabled, without co-existing frailty or multimorbidity. The most common overlaps observed were the 

co-occurrence of frailty, disability and multimorbidity in 99 out of 465 (21.3%; 95% CI 17.7- 25.3%) and 

multimorbidity together with disability, but without frailty in 122 out of 465 (26.2%; 22.3- 30.5%). When 

frailty is broadened to include those categorised as pre-frail (Figure 26), the majority of participants 

were categorised as being frail/pre-frail, along with multimorbidity and disability, with this group now 

containing many of those who were previously categorised as having multimorbidity and disability 

without frailty.  
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Figure 25: The prevalence and overlap of frailty, multimorbidity and disability amongst patient 
participants, displayed as number of patients together with 95% confidence intervals. 

 

 

Figure 26: The prevalence and overlap of frailty or pre-frailty, multimorbidity and disability amongst 
patient participants, displayed as number of patients together with 95% confidence intervals. 
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3.2.4.4. Interrelationship of frailty, polypharmacy and multimorbidity  

Figure 27 shows the interrelationship between frailty, polypharmacy and multimorbidity amongst 

patient participants. The most common overlap was between multimorbidity and polypharmacy, 

observed in 160 out of 471 (34.0%; 95% CI 29.7- 38.4%) participants, followed by the co-occurrence of 

frailty, multimorbidity and polypharmacy in 89 (19.1%; 15.5- 22.7%) participants. Only 13 (2.8%; 95% CI 

1.5- 4.7%) had frailty in isolation. When the frailty category was broadened to include those with pre-

frailty, many of those previously categorised as having multimorbidity and polypharmacy without frailty 

now have all three clinical entities and only 49 out of 471 participants with parkinsonism (10.4%; 95% CI 

8.0- 13.5%) are on fewer than five medications and are not classified as frail/pre-frail or multimorbid 

(Figure 28).  

 

 

 

Figure 27: The prevalence and overlap of frailty, multimorbidity and polypharmacy amongst patient 
participants, displayed as number of patients together with 95% confidence intervals. 
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Figure 28: The prevalence and overlap of frailty/pre-frailty, multimorbidity and polypharmacy amongst 
patient participants, displayed as number of patients together with 95% confidence intervals. 

 

 

3.2.4.5. Interrelationship of frailty and sarcopenia  

214 out of 464 (46.1%; 95% CI 41.5- 50.8%) were categorised as not frail, together with a SARC-F score 

not suggestive of sarcopenia (Figure 29). 120 patients were categorised as not frail but with a SARC-F 

score predictive of sarcopenia (25.9%; 95% CI 21.9- 30.1%) and a similar number (124) as frail with likely 

co-existing sarcopenia (26.7%; 95% CI 22.7- 31.0%). However, the occurrence of frailty without a SARC-F 

score suggestive of sarcopenia was observed in only 6 participants (1.3%; 95% CI 0.5- 2.8%).  Broadening 

the frailty category to also include those who are pre-frail, demonstrates that most of those previously 

categorised as having likely sarcopenia without frailty are classified as pre-frail, with coexisting 

frailty/pre-frailty and likely sarcopenia affecting 232 out of 464 individuals (50%; 95% CI 45.4- 54.6%) 

(Figure 30).  
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Figure 29: The overlap between frailty and sarcopenia amongst patient participants, displayed as 
number of patients together with 95% confidence intervals. 

 

 

Figure 30: The overlap between frailty/pre-frailty and sarcopenia amongst patient participants, 
displayed as number of patients together with 95% confidence intervals. 
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3.2.4.6. Frailty and functional status  

99.1% of returned questionnaires had complete data for SHARE-FI75+. Data for frailty and activities of 

daily living (PDQ-39 ADL domain) were available for 421 individuals. 137 (33%) were categorised as non-

frail, 182 (42%) as pre-frail and 102 (24%) as frail.  The median PDQ-39 ADL score was 29, ranging from 0 

to 100.  

SHARE-FI75+ was associated with PDQ-39 ADL domain score, (worse 17.4 points per SD increase in 

frailty score; 95% CI 15.4, 19.5; p-value <0.001) and was a better predictor than age alone (PDQ-39 ADL 

score worse 1.8 points per SD increase in age; 95% CI 0.14, 5.4; p = 0.039) (Table 46). The former 

explained 39% of the variance in ADL domain score compared to age only explaining 1% of the variance.  

SHARE-FI75+ was also a better predictor than SHARE-FI75+ score (minus age) plus age as a covariate (the 

latter explaining 28% of the variance). Addition of disease duration improved the model further 

(explaining 41% of the variance).  

  
Table 46: Linear regression outputs for the association between age, frailty and activities of daily living. 

Exposure/covariates   Regression coefficient (for 1 
SD increase in age or frailty 
score)  

95% CI  P-value  Adjusted 
R2 *   

Age  2.8  0.14; 5.4  0.039  0.01 

SHARE-FI75+ frailty score (calculated 
including age coefficient)   

17.4  15.4; 19.5  < 0.001  0.39  

SHARE-FI75+ frailty score (calculated 
without the age coefficient) with age 
added as a covariate  

15.2 12.8; 17.5  < 0.001  

  

0.28  

SHARE-FI75+ frailty score (calculated 
including the age coefficient) with 
duration added as a covariate  

16.8  14.8; 18.9  < 0.001  

  

0.41 

SHARE-FI75+ frailty score (calculated 
without the age coefficient) with age 
and parkinsonism duration added as 
covariates  

14.9  12.6; 17.2  < 0.0001  

  

0.32 

*Adjusted R squared value for all coefficients in the model 
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3.2.4.7. Key findings from objective 3 

- Over two thirds of participants were frail or pre-frail and a similar proportion were classified as 

multimorbid 

- Frailty typically coexisted with disability and/or multimorbidity  

- Frailty assessed using a self-reported version of SHARE-FI 75+ predicted functional status better 

than age alone or when SHARE-FI 75+ was calculated without age but age was added as a 

separate covariate in the model. 

-  

3.2.5. Chapter summary  
 

This chapter describes the design of the PRIME cross-sectional study, which aimed to tackle some of the 

barriers to inclusion of people with parkinsonism who are more complex. The first objective was to 

describe the characteristics of recruited participants and evaluate the success of strategies which aimed 

to recruit a more representative sample of people with parkinsonism, including those living with frailty, 

multimorbidity and with impaired capacity to consent. Over half of participants in my study were over 

75 years which was older than participants in the PRISM cross-sectional study and which more closely 

matched the routinely collected CPRD dataset. I successfully recruited some participants with atypical 

parkinsonian syndromes and some individuals with impaired capacity to consent; 21% of participants 

had a parkinsonism duration of over 10 years and 5% were care home residents. Prompt telephone calls 

boosted the overall response rate but, importantly, also contributed to recruitment of people who were 

female, living in a care home, diagnosed with an atypical form of parkinsonism and who had a higher 

frailty score.  

Objective 2 was to describe the symptoms and experience of a representative sample of patients with 

parkinsonism and associations with age, gender and disease duration. 40% were categorised as having 

symptoms consistent with some degree of depression and 65% were in the lowest two levels of patient 

activation. Older age was associated with a lower activation score. Burden of non-motor and autonomic 

symptoms and quality of life worsened with increased duration of parkinsonism. Females had a poorer 

quality of life and a higher burden of depressive symptoms compared to males. Objective 3 was to 

describe the prevalence and interrelationship of aspects of clinical complexity, including frailty, 

multimorbidity and markers of complex parkinsonism. 70% of participants were frail or pre-frail, 71% 
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were multimorbid, 62% were disabled and 63% were prescribed five or more medications. In terms of 

typical markers of advanced PD, 4% used a device-aided therapy, 15% were on three or more classes of 

PD medication and 44% were prescribed five or more doses of levodopa per day. All except 47 patients 

(95% CI 7.5- 13.2%) were classified as pre-frail/frail and/or multimorbid and/or disabled. Frailty was 

rarely observed without additional disability and/or multimorbidity. The largest groups were patients 

with isolated multimorbidity, multimorbidity with disability or coexisting multimorbidity, disability and 

frailty. Almost all patients classified as frail had a SARC-F score consistent with probable sarcopenia. 

Whilst sarcopenia was seen without frailty, it was rarely seen in individuals who were neither frail nor 

pre-frail (i.e. non-frail individuals). Frailty assessed using a self-reported version of SHARE-FI 75+ 

predicted functional status better than age alone.  



162 
 

CHAPTER 4 
 

The material in sections 4.3, 4.5.2, 4.6.1 and 4.7 was published in: 

Tenison E, Smink A, Redwood S, Darweesh S, Cottle H, van Halteren A, Hamlin R, Ypinga J, Bloem B, 
Ben-Shlomo Y, Munneke M, Henderson, EJ. Proactive and Integrated Management and 
Empowerment in Parkinson's Disease: Designing a New Model of Care. Parkinsons Dis. 
2020;2020:8673087 
 
Sections 4.2, 4.4 and 4.6 draw upon material which was published in:  

Tenison E, James A, Ebenezer L, Henderson EJ. A Narrative Review of Specialist Parkinson's Nurses: 
Evolution, Evidence and Expectation. Geriatrics (Basel). 2022;7(2) 
 

 

4.1. Chapter overview  

My objectives for this section of my thesis were: 

1) to develop a theoretical framework for the multicomponent PRIME model of care 

2) to select a suitable primary outcome measure for the PRIME RCT 

In this chapter, I start by outlining the current provision of care for parkinsonism and its limitations. I 

then briefly summarise the components of, and evidence for, models of care which have been 

developed for chronic disease in general and specifically for parkinsonism. Next, I describe the process 

for developing the framework for the PRIME model of care and outline the components. Finally, I discuss 

the considerations for selecting a primary outcome measure which would be appropriate both for use 

within a trial of a complex intervention and in a heterogeneous study population.  

4.2. Care of people with parkinsonism in the UK 

In the United Kingdom, care of people with movement disorders is delivered by both geriatricians and 

neurologists, working within secondary care. Referral into these services is typically via a general 

practitioner. A small proportion of people with parkinsonism are managed exclusively in primary care 

[247], 9.1% in one UK study [248]. In 2017 the National Institute of Health and Care Excellence (NICE) 

published updated guidance on managing Parkinson’s disease in adults (NG71) [167] and a set of five 

quality standards were published in 2018 [249]. The guidelines emphasise that, where PD is suspected, 

patients should be referred quickly and without initiating treatment for PD, to a specialist with expertise 

in the differential diagnosis of PD [167]. Diagnosis should be reviewed regularly, at a suggested 

frequency of 6 to 12 monthly, and a diagnosis of PD should be reconsidered if atypical features develop 
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[167]. As well as detailing the pharmacological therapy of motor symptoms, the guidelines highlight the 

importance of early referral to physiotherapist, occupational therapist (OT) and speech and language 

therapist (SALT), rather than only in response to problems with balance, activities of daily living or 

swallowing/communication; this forms the third quality standard [249]. The guidance also encourages 

consideration of referral to a dietitian for specialist advice, as well as referral to palliative care, where 

appropriate, at any stage of the condition [167].  

The first quality statement is that “adults with Parkinson's disease have a point of contact with specialist 

services”, which the NICE guidelines suggest could be provided by a Parkinson’s disease nurse specialist 

(PDNS) (see my review about their role [250]) and should include home visits when appropriate [167]. 

Specialist nurses, defined as those with “advanced expertise in a clinical speciality” [251], have become 

central to the care of individuals with several chronic diseases and nurse-led care is embedded within 

multiple disease areas, including diabetes [252], multiple sclerosis [253] and chronic rheumatological 

conditions [254]. The first UK-based PDNS, Rosemary Maguire, was appointed in 1989 [255] and, in 

1992, a team of five PDNSs were set up by the Parkinson’s Disease Society to improve standards of care 

for people with PD [256]. A 2 year RCT of 1,857 patients in England, randomised to receive either 

standard GP-led care or additional PDNS nurse input, found no difference in mortality, PD severity or 

quality of life between groups, but a global  subjective wellbeing question favoured the PDNS arm and 

there was no extra cost to PDNS care [257, 258]. PDNSs are critical to providing a point of contact 

between scheduled reviews [247]; offering tailored information, psychological and emotional support to 

people with PD and their caregivers; educating patients, caregivers, and non-specialist health and social 

care professionals; assessing and monitoring symptoms, overseeing and, in the case of nurse 

prescribers, facilitating often complex drug regimens [21].  

In the UK, the voluntary sector also has an important role in supporting patients with PD and their 

families throughout the trajectory of the disease [259]. This includes the national charity, Parkinson’s 

UK, which funds research as well as providing support and information at a national and local level 

[260]. Parkinson’s UK had a key role in establishing the UK Parkinson’s Excellence Network which aims to 

improve services, experiences and outcomes for people with PD by championing areas including 

education, service development and evidence-based practice [261].  
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4.3. Limitations of current models of care for Parkinson’s   

There is a growing recognition that current models of care are not optimised to care for individuals with 

PD or atypical parkinsonism (see my previous paper [262]). The heterogeneity of PD necessitates a 

highly personalised approach whereby treatment is tailored based on patients’ clinical phenotype and 

specific symptoms [263]. Current care models are plagued by several drawbacks: there is often a lack of 

continuity of care; issues are detected late and managed reactively; care is often not person-centred; 

and approaches may not adequately involve patients in decisions around their care [264]. Patients with 

PD, their relatives and healthcare professionals have previously identified several unmet needs amongst 

this patient group, including a need for more support to self-manage; a more collaborative approach 

between the multidisciplinary team and a single point of access where questions can be answered and 

support is given to find a way in the complex healthcare system [265].  

Given the complex nature of PD, allied health involvement from appropriately skilled professionals, is 

paramount. Questionnaire surveys among allied health professionals, including physiotherapists, OTs 

and SALTs who had treated patients with PD within the last year, revealed that over 75% reported a lack 

of PD-specific expertise [266]. In the same study, surveys of patients with PD showed that many of those 

experiencing problems, which would potentially benefit from therapy input, were not receiving any 

relevant therapy [266]. This highlights the need to improve awareness of and referral to allied health 

professionals and to ensure access to those with specialist expertise.  

A further angle to improving care seeks to empower patients and their caregivers. There is an increasing 

awareness that patients who have the knowledge, skills and confidence to look after their health and 

feel empowered to do so have better health outcomes, including being more likely to adopt healthy 

behaviours and attend available screening programmes, leading to improved mood and reduced rates of 

hospitalisation [225].  Amongst a group of patients with PD who completed the Patient Activation 

Measure, 42% scored as either ‘disengaged and overwhelmed’ or ‘becoming aware but still struggling’ 

[267], suggesting there is much scope to improve involvement and empowerment for people with PD. 

 

4.4. Specific limitations of care for people with parkinsonism in the UK  

The UK Parkinson’s Disease audit, which usually occurs biennially, aims to determine whether the care 

of patients with a diagnosis of PD complies with the NICE guidance and Quality Standards [268]. The 

results of the most recent audit, conducted in 2019, highlighted some areas of good practice: 97% of 
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patients could access a Parkinson’s nurse or equivalent and, of the patients audited in Elderly Care and 

Neurology services, 95.9% had received a specialist review in the last 12 months [269]. Over 95% of 

services reported having access to physiotherapy, OT and SALT. However, the domain 3 scores, which 

assess for evidence of multidisciplinary involvement in the past year, suggested that therapy referrals 

were not always considered. Additionally, a fully integrated model in which a multidisciplinary team 

consisting of a consultant, Parkinson’s nurse and therapists all see patients in the same venue, whilst 

more common in care of the elderly services, was only available at 17.7% of all clinics [269].  9.8% of 

audited services still see few or none of their patients in dedicated Parkinson’s/movement disorder 

clinics [269].  Only 60.7% of patients who completed the Patient Reported Experience Measure (PREM) 

questionnaire felt they were given enough information at diagnosis, suggesting that this is another 

current area of unmet need [269]. 

Although PDNSs are valued by patients and caregivers [256, 270] and defined by NICE as a quality 

standard, recent UK surveys and reports have raised concerns about gaps in provision and rising 

caseloads for PDNSs. NICE guidance recommends a caseload of 300 patients per PDNS [271], yet over 

80% of respondents to a national questionnaire-based study reported caseloads exceeding this, with a 

mean and median reported caseload of 526 and 490, respectively [272]. A similar survey in 2011 

revealed that 19% of PDNSs have caseloads of over 700 patients [273]. With rising prevalence of PD [22] 

and mounting pressures on acute services, PDNSs would appear to be vital members of the team that 

we can ill-afford to lose.   

The research literature supports the unmet need suggested by audit and survey findings. The Milton 

Keynes Community study, a cross-sectional study of 248 patients with PD, found that 18.5% were sub-

optimally managed, which they defined as either a greater than one year delay between initial diagnosis 

and first review by a specialist, or patients who had not had specialist PD review for more than one year 

[248].  Older age, worse cognition, poor mobility, lower educational level and tremor as initial symptom 

were predictors of suboptimal care, suggesting a need to improve equality of access to specialist care 

[248].  A qualitative study which recruited patients from the English cohort of the ‘Care of Late Stage 

Parkinsonism’ (CLaSP) study found that patients experienced a lack of coordination and continuity of 

care for their multiple symptoms and comorbidities [274]. They reported having to ‘fit in’ to service 

structures which undermined their need to maintain normality and independence, despite their 

complex needs and health problems and, at this stage in the disease, particularly valued the input of the 

PDNS in providing bespoke information and meeting their needs in the community [274]. The 
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importance of allowing people with parkinsonism and their caregivers opportunities to discuss 

prognosis, plan for future progression and to access specialist palliative care services where needed is 

well recognised [167]. Van Vliet et al conducted a mapping exercise of eight UK centres with neurology 

and palliative care services, finding that the structure of outpatient care for parkinsonism varied from 

clinics run by a consultant, with or without a PD nurse, to multi-disciplinary clinics involving therapists 

and geriatricians, sometimes with a telephone helpline, community visits, or in-reach to the hospice or 

ward [275]. This variability in provision between sites was also seen in the level of integration between 

neurology and palliative care services; whilst some sites had joint clinics or multidisciplinary team 

meetings, around half did not and integration was better for MSA and PSP, than for PD [275].  

The National Health Service (NHS) RightCare programme seeks to understand and address variation 

between optimal and suboptimal care pathways [276], with one workstream focused on progressive 

neurological conditions, which includes PD, MSA, CBD and PSP [277].  “Fragmented or uncoordinated 

multidisciplinary working” is highlighted as one of the National challenges in management of these 

conditions [277].  Other challenges identified, specifically in terms of Parkinson’s care, include a need to 

reduce hospital admissions and to implement integrated services more widely [277].  

4.5. Models of care for other chronic diseases   

The need to coordinate and integrate care is recognised to be a priority for people living with multiple 

health and social care needs, which is also true of many people with parkinsonism, as this group can 

have difficulty navigating a fragmented healthcare system due to needs cutting across multiple services, 

providers and settings [278].  Several models of care have been developed to address these needs, along 

with frameworks to describe the main components of coordinated and integrated care.   

4.5.1. Integration and coordination of care  

Singer et al suggest that, when thinking about integration of care, we should consider the object of 

integration: firstly organisations, secondly processes used to deliver care and, finally, patient care, 

acknowledging that integration of organisations and processes may not necessarily translate into 

integration of the care patients receive [279]. The authors define integrated patient care as being 

“coordinated across professionals, facilities, and support systems; continuous over time and between 

visits; tailored to the patients’ needs and preferences; and based on shared responsibility between 

patient and caregivers for optimising health” and propose a framework consisting of two components: 

patient centeredness and care coordination, the latter comprising coordination within and across 
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patient care teams; between care teams and community resources; and continuous over time and 

between visits [279]. 

4.5.2. The Chronic Care Model  

The Chronic Care Model (CCM), developed in the 1990s by Wagner et al and subsequently revised, was 

an approach which was designed to improve the management of people with chronic conditions in 

primary care and change their care from being reactive to acute events, to planned and proactive [280]. 

It consists of four main components: self-management support, delivery system redesign, decision 

support and clinical information systems [281], which are intended to produce system change in which 

informed, activated patients interact with prepared, proactive teams to improve outcomes [281, 282]. 

Since its development, the philosophy of the CCM has had positive effects on outcomes such as quality 

of life, functional disease status, hospitalisation rates, and adherence to guidelines, when applied to a 

range of different conditions, including diabetes, heart failure, chronic obstructive pulmonary disease, 

rheumatoid arthritis, and chronic diseases in general [283]. 

4.5.3. The Guided Care Model  

Kaiser Permanente, a healthcare provider in the USA, developed the Guided Care Model, based on 

principles of the CCM, with the aim of addressing the needs of older adults with multiple chronic 

conditions [284]. In this model, predictive risk modelling was used to analyse clinical encounters over 

the past year, in order to identify those at highest risk of incurring high healthcare costs over the next 

year [284]. The top quartile were eligible for Guided Care, which was delivered by a specially trained 

Guided Care nurse, working alongside several clinicians in a primary care practice [284]. The Guided 

Care Model consists of eight components, including a comprehensive assessment, conducted at the 

patient’s home; an individualised care guide (“My Action Plan”), addressing diet, physical activity, self-

monitoring, targets and follow up, and tailored to their needs; proactive monitoring and review of the 

care plan by telephone, at a frequency guided by clinical need, rather than reactive review in response 

to problems arising; and coaching/motivational interviewing to support self-management [284]. In 

addition, most patients are referred to a local chronic disease self-management course, taking place 

over six weeks, in which they learn to set health-related goals, understand their symptoms and navigate 

the health system, whilst caregivers are offered a programme of education and support by the Guided 

Care nurse. The nurse also coordinates transitions between healthcare professionals, including providing 

support around during and after an inpatient stay, as well as facilitating access to community services 

[284].  Following a non-randomised pilot study, which suggested that the Guided Care Model enhanced 
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the quality of primary care experience for high risk, older adults with multimorbidity [285], a cluster 

randomised controlled trial (RCT), involving 904 patients in eight primary care practices, was conducted 

in the Baltimore- Washington DC metropolitan area [286]. At 18 months, the odds of a participant rating 

the quality of their chronic illness care highly, measured using the Patient Assessment of Chronic Illness 

Care (PACIC), was twice as great in Guided Care recipients as in those receiving usual care (adjusted 

odds ratio 2.13, 95% CI 1.30; 3.50, p=0.003) [286]. Although the interviewers administering the PACIC by 

telephone were blinded to treatment arm, patients could not be blinded [286], which may have 

introduced bias if knowledge of being in the Guided Care arm, rather than Guided Care itself, influenced 

the self-reported outcome measure. Amongst the 850 participants followed up until 20 months and with 

insurance claims data available, Guided Care recipients had a reduction in episodes of home health care 

but no effect was observed on the use of other health services [287].  

4.5.4. The “House of Care”  

 In the UK NHS, a coordinated service delivery model, the ‘House of Care’, has been developed with the 

goal of achieving care of people with long term conditions which is proactive, holistic, preventive and 

patient-centred [288]. The ‘House of Care’ metaphor describes five key components of the system and 

their interdependence. The central component is personalised care planning, a collaborative process of 

shared decision-making between patient and healthcare professionals, together with support to allow 

the patient to develop the skills and confidence to self-manage. The left wall of the house represents the 

engaged and informed patient, whilst the right wall represents healthcare professionals committed to 

working in partnership with the patient, the multidisciplinary team spanning primary and secondary 

care, and with social care. The roof represents the organisational systems and processes, such as IT 

systems which facilitate risk stratification, identification of patients who would benefit from care 

planning and data-sharing between professionals; the base represents the foundations of the local 

commissioning system. An important feature of the House of Care model is that it is aimed at all 

individuals with long-term conditions, rather than at those with a specific condition or in a high-risk 

group [288].  

 

4.6. Integrated care models for neurological diseases including Parkinson’s   

Given the complexity and heterogeneity of parkinsonism, together with many people with parkinsonism 

being older adults, who may also be living with frailty and multimorbidity, there is considerable scope to 
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apply the philosophy of, and learning from, these chronic care models to address the limitations of 

current parkinsonism care described above. Several care models seeking to integrate and coordinate 

care for people with PD, have been evaluated in a research setting. These are summarised in Table 47.
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Table 47: Summary of integrated care models for Parkinson's Disease which have been evaluated in a research setting. 

Name of 
trial/model 

Year  Duration 
(months) 

Control   Integrated care 
intervention 

Setting  Number 
enrolled  

Key findings   

The IMPACT trial  
[289] 

2013 8 Care delivered by four 
hospitals where 
integrated care was not 
available (community 
neurologists and AHPs 
without ParkinsonNet 
training)  

Care delivered by two 
hospitals with access to 
tertiary expert centre 
(Radboud UMC) and allied 
healthcare network 
(ParkinsonNet).  

Community 
hospitals in 
the 
Netherlands  

301 -No difference between groups in 
activities of daily living or quality of life 
after adjustment for baseline disease 
severity   

The Cologne 
Parkinson Network 
(CPN) study group 
trial of patient-
centred integrated 
healthcare 
[290] 

2018  6  3-monthly neurology 
review with access to 
PT, OT and SALT 

As per control group plus: 
-individual treatment plan, 
reviewed every 4 weeks 
-home visits by PDNS (as 
necessary) 
-telephone hotline 

The greater 
area of 
Cologne, 
Germany 

300 At 6 months, the intervention group had: 
-Improved quality of life (PDQ-39 score  
-2.2; 95% CI -4.4 to -0.1); p= 0.044 
-Improved motor function (UPDRS-III 
score -3.3; -4.9 to -1.7; p < 0.001  
-Improved non-motor function (NMSS 
score -11.3; -17.1 to -5.5; p < 0.001) 

The Care 
Coordination for 
Health Promotion 
and Activities in 
Parkinson’s Disease 
(CHAPS) 
programme 
[291, 292] 

2019 24 Usual outpatient care A coordinated, nurse-led, 
chronic management 
intervention, including a 
comprehensive 
assessment, personalised 
action plans and regular 
telephone follow-up  

5 medical 
centres in 
the USA 

328 -Intervention group participants had a 
greater mean proportion of care which 
was adherent with the 18 quality 
indicators at follow-up (0.77 versus 0.58; 
mean difference 0.19; 0.16 to 0.22;  
p < 0.05) 
- Intervention group participants had 
fewer depressive symptoms (PHQ-2 score 
-11.52; -20.42 to -2.62; p=0.013) 

The Integrated 
Parkinson’s Care 
Network (IPCN) 
[293] 

2021 6 N/A (pre-post design 
without a control group)  

An initial visit with the 
clinical care integrator to 
develop the personal care 
plan, including 
identification of goals for 
care; ongoing telephone 
support and care 
navigation.  

Single centre 
in Canada 

100 After the IPCN programme: 
-Improved perception of support for 
chronic care (PACIC 1.1; 0.9 to 1.4;  
p <0.001) 
-Improved quality of life (PDQ-8 2.7; 0.4 
to 5.0; p= 0.02) 
-Improved motor symptoms (MDS-UPDRS 
part III 2.5; 0.5 to 4.4; p = 0.01) 

UMC: University Medical Centre; PT: physiotherapy; OT: occupational therapy; SALT: speech and language therapy; PDNS: Parkinson’s Disease nurse specialist; PDQ-39: Parkinson’s Disease Questionnaire-39; 
UPDRS-III: Unified Parkinson’s Disease Rating Scale; NMSS: Non-motor Symptom Scale; PHQ-2: Patient Health Questionnaire-2; PACIC:  Patient Assessment of Chronic Illness Case; PDQ-8: Parkinson’s Disease 
Questionnaire-8; MDS-UPDRS: Movement Disorder Society- Unified Parkinson’s Disease Rating Scale.  



171 
 

4.6.1. The IMPACT trial 

Van der Marck et al. evaluated an integrated, multidisciplinary care intervention within a multicentre, 

non-randomised, controlled trial (IMPACT) in the Netherlands [289]. After their initial routine visit to the 

neurologist, patients in the intervention group met their local Parkinson’s disease nurse, who offered 

them a comprehensive, multidisciplinary assessment at the tertiary referral centre, with onward 

referrals to a network of allied health professionals specialising in PD. After adjustment for baseline 

disease severity, there was no difference in quality of life or activities of daily living scores between the 

intervention and control groups [289]. However, any positive treatment effect may have been diluted 

since only 73% of the recommendations made by the tertiary team were implemented in the 

community, highlighting the potential benefit of combining such interventions with a care manager role, 

to ensure the personalised care plan is followed.  

4.6.2. The Cologne Parkinson Network (CPN) study group trial of patient-centred integrated 

healthcare   

 A subsequent RCT of 300 participants in Germany compared standard neurological care to a patient-

centred, integrated healthcare intervention delivered by a ‘PD team’ and consisting of a tailored 

treatment plan, PD nurse home visits and a telephone hotline [290]. The trial found evidence of 

improved motor and non-motor symptoms, and weak evidence of improved quality of life, over six 

months, favouring the intervention [290]. However, 18 participants randomised to the intervention arm 

(12%) and 25 control arm participants (17%) discontinued treatment and, whilst the authors state that a 

‘modified’ intention to treat analysis was conducted, these participants were not included in the analysis 

as they did not complete the 6-month follow-up.  

4.6.3. The ‘CHAPS’ programme  

A team in Canada conducted semi-structured interviews with health and community-based non-health 

care professionals involved in caring for people with neurological disease including PD, as well as with 

policy makers, to identify areas of unmet need [294]. They then developed a model, the Chronic Care 

Model for Neurological Conditions (CCM-NC), to address these gaps, guided by the “Expanded CCM”, 

which combines the framework of the CCM with principles of population health promotion [294]. To my 

knowledge there has only been one application of the CCM to individuals living with PD specifically: a 

RCT of the Care Coordination for Health Promotion and Activities in Parkinson’s Disease (CHAPS) 

programme, implemented amongst 328 Veterans in the USA. [291]. Participants randomised to the 

intervention arm (n = 162) received a multicomponent, outpatient PD care programme, adapted from 
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the CCM, in which nurse care managers carried out structured six-monthly assessments by telephone, 

followed by development of a patient-centred care plan, incorporating evidence-based protocols and 

coaching in self-management skills [291].  The intervention also included caregiver support and 

information, where relevant, and nurse care managers were alerted if a participant receiving the CHAPS 

programme was admitted to hospital, so that they could intervene proactively during and after the 

admission [291]. Primary outcome measures were adherence to 38 PD care quality indicators. The eight 

secondary outcome measures focused on health-related quality of life and perceptions of care quality, 

assessed via structured telephone survey interviews at 6, 12 and 18 months. Adherence to care quality 

indicators was better within the intervention group but, except for a reduction in depressive symptoms 

(Patient Health Questionnaire-2 score -11.52; 95% CI -20.42; -2.62), this did not appear to translate into 

other tangible benefits for patients [292].  

4.6.4. The Integrated Parkinson’s Care Network (IPCN)  

The iCARE-PD consortium is a multinational, multidisciplinary group of clinicians and researchers who 

are using co-design to develop a home-based model of care for PD, termed an Integrated Parkinson’s 

Care Network (IPCN) consisting of integrated care, self-management support and technology-enabled 

care [295].  In a pre-post design, pilot test of the IPCN, in a single centre in Canada, there was improved 

patient experience of chronic care, motor symptoms and an improvement in quality of life measured 

using the Parkinson’s Disease Questionnaire-8 (PDQ-8) [293]. However, in the subgroup analysis, the 

improvement in motor symptoms and quality of life was observed in the advanced PD group but not in 

the early diagnosis group [293]. These findings are being used to inform a future cluster RCT to 

determine the effectiveness of the IPCN [293].  

Whilst the results of studies which have so far evaluated integrated, coordinated models for PD care are 

variable, there is an indication that at least some elements, when implemented in the right way, may 

confer benefit.  None of the care models for PD discussed here have so far been implemented in a UK 

setting. There is therefore a need to carefully select and combine the components and innovations most 

likely to be successful within the context of the UK health system to develop, and then evaluate, an 

integrated care model in this setting. 
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4.7. Development of the PRIME model of care  

The PRIME model of care was developed by a multidisciplinary team with expertise in the care of 

patients with movement disorders and included neurologists, geriatricians, alongside therapists, nursing 

colleagues, and methodologists, from both the United Kingdom (UK) (Royal United Hospital, Bath and 

University of Bristol) and a team in the Netherlands (Radboud UMC, Nijmegen). I was involved 

throughout this process, which begun just prior to the start of my PhD, and led on the paper which 

describes this process and presents the model of care [262]. In this section, I will briefly summarise the 

process we undertook and the main components of the resulting PRIME model of care to provide the 

background to my contribution to the design of the evaluation of the model, specifically selection of the 

primary outcome measure, which I undertook within my PhD.  

4.7.1. Aims of healthcare improvement  

The “Triple Aim”, developed by the Institute for Healthcare Improvement in the USA, describes the 

three overarching goals which should be pursued in order to achieve improvement in healthcare 

systems: a desire to improve population health, improve the experience of care, whilst reducing the per 

capita cost of healthcare [296]. This framework has been adopted beyond the USA, including by the 

NHS, whose 2014 Five Year Forward View referred to the goals of “better health, better care and better 

value” [297]. Acknowledging the risks of work-related stress and burnout, these aims were expanded by 

Bodenheimer and Sinsky to include the goal of improving the work-life of those who deliver care, 

expanding this into the quadruple aim [298]. It was agreed that the PRIME model of care should aim to 

reach/achieve all four aspirations described in the “quadruple aim”, acknowledging that the model 

would need to be at least cost neutral, even if not cost saving. 

4.7.2. Logic modelling  

The PRIME model of care aimed to address deficiencies in current models of care for parkinsonism, 

including PD, drawing on the evidence of successful applications of integrated care models in other 

chronic disease areas. The process thus begun with a face-to-face meeting (attended by five people 

from the PRIME-UK team, including myself, five people from the PRIME-NL team and a representative 

from the funding body) to discuss the findings of recent qualitative work exploring the unmet needs of 

patients with PD [265], alongside personal experiences of delivering care to this group, in order to 

identify key issues with the current model of care. These were collated into a list of six main issues with 

current care (“the problems”) and, for each one, an accompanying statement was written to describe 

the collective vision for what would constitute success in this area (“the challenge”) (Table 48).  



174 
 

Table 48: Problems with current care model and challenges to be addressed by an integrated model of 

care. 

Problems with current care   The challenge is to…  

Lack of multidisciplinary collaboration and 

continuity of care  

Deliver integrated care and continuity of care  

Issues detected late and managed reactively   Manage issues early and proactively   

Difficult to access healthcare professionals with 

appropriate expertise in a timely fashion  

Facilitate access to specialised healthcare 

professionals   

Lack of empowerment and involvement for 

patients and carers   

Educate and empower patients and caregivers  

Care not managed close to home   Organise care close to home   

‘One size fits all’ treatment and focus mostly on 

motor symptoms  

Deliver personalised care and “precision” medicine  

 

‘Programme theory’ makes explicit the application of formal and informal theory, specific to a given 

programme or intervention, when aiming for healthcare improvement, and often does this by means of 

a logic model [299].  The process of logic modelling was used to graphically represent the components of 

the intervention, together with the theory around how each component would be expected to elicit a 

change in outcomes. Logic models enable us to consider the causal relationships between components 

of an intervention as well as the barriers and facilitators which may influence its success [300]. Logic 

models can guide the measurement framework, including economic evaluation, and they enable us to 

build in methods of process evaluation to allow us to explain unexpected outcomes of a complex 

intervention [301]. One feature of a complex intervention, as defined by the Medical Research Council 

(MRC) [302], is having multiple components and we recognised from the start that, in order to address 

the multiple issues with PD care, an intervention with multiple components would be required.  Logic 

models, also known as conceptual models and theory of change models, have been used in the 

development of a range of health promotion strategies including interventions to prevent childhood 

obesity [26], to prevent and control HIV [27], and to integrate mental health into management of 

chronic disease [28]. 
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By clearly defining an intervention within the framework of a logic model, it is possible to build in 

comprehensive methods of process evaluation, alongside the evaluation of the intervention’s 

effectiveness [301, 303]. This approach makes it possible to determine which elements of a model do or 

do not work, draw conclusions about how an intervention might translate to another context, and in the 

case of overall ineffectiveness, establish if this is due to the intervention itself or simply the way in which 

it was implemented [301]. 

We used the structure shown in Figure 31 to define the logic model for each of the six problems shown 

in Table 48. This was an iterative process which entailed a subgroup of individuals, who had been 

involved in the project conception, individually mapping out potential strategies and activities for all six 

problems. These solutions were then compared and refined over a series of teleconferences between 

myself and Agnes Smink, the PRIME-NL programme manager, in order to achieve a unified logic model. 

In between teleconferences, I discussed the iterations of the logic model with Emily Henderson and Yoav 

Ben-Shlomo (PRIME-UK team) and Agnes Smink liaised with Bas Bloem, Marten Munneke, Sirwan 

Darweesh and Jan Ypinga (PRIME-NL team). Their comments and feedback were then compiled by 

myself and Agnes and incorporated into the next version of the logic model.  Four versions of the logic 

model were developed, following which a further face-to-face meeting took place between the PRIME-

UK and PRIME-NL teams, additionally attended by a PDNS (Ruth Hamlin) and occupational therapist 

(Hazel Cottle). Consensus was reached following further discussion and the agreed changes were then 

incorporated by myself and Agnes over a further two iterations, leading to the final version of the logic 

model.   

Figure 32 summarises the content from the detailed logic model with respect to one of the identified 

problems with current care: issues being detected late and managed reactively, rather than proactively. 

Activities which could help to address this problem included educating patients and caregivers around 

how to stay healthy, self-manage and how to seek help if needed; risk stratification of patients so that 

those at the highest risk of complications could be proactively targeted; and a single point of access. The 

anticipated outputs were also included within Figure 32 to show that, for example, risk stratification as 

part of care management may be expected to lead to some patients having an increased number of 

contacts with the PD nurse or other healthcare professional overseeing their care. Similarly, the 

immediate effect of an educational session on self-management could be assessed by monitoring 

attendance, thus suggesting that contacts with the MDT and engagement were important process 

measures to capture. Short-term outcomes which may result from these activities and outputs were 
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identified to include increased capability of patients and caregivers to self-manage (which suggested 

that patient activation would be an important construct to measure) and reduced frequency of 

complications and emergency admissions (highlighting that ED attendances and hospital admissions 

should be captured, along with the reasons for these).  

 

  

Figure 31: The logic model structure used to design the intervention 
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Figure 32: The logic model structure applied to one of the six “problems with current care” in order to 
show potential strategies and activities to address the problems, the outputs/process measures, and the 
anticipated outcomes. This figure summarises the content from the detailed logic model. (reproduced 
from Tenison et al., 2020 [262])  

 

Having carefully mapped out the key activities which would be expected to impact on each of the 

problems with current care, they were categorised into five main components or ‘strategies’ (Figure 33), 

which, together, form the basis of the integrated model of care for PD and which are described further 

in section 4.7.3.  
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Figure 33: A summary of the challenges, strategies and activities from the full PRIME logic model (reproduced from Tenison et. 2020 [262]
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4.7.3. The PRIME model of care  

The PRIME model of care brings together components from other chronic disease models and 

comprises:    

4.7.3.1. Personalised care management  

A central component of the model is to arrange adequate personalised care management for every 

patient. Care management is the collaborative approach to organise multidisciplinary care for, and 

in close collaboration with, the patient and those who care for and support them [304, 305]. Whilst, 

in many cases, a Parkinson’s nurse will have a central role in care management, the individual who 

oversees and coordinates care will be determined on an individual basis and driven by the patient’s 

specific needs, and this role may be undertaken by a clinician or allied health professional.  

The care manager facilitates collaboration between all healthcare professionals involved in a 

patient’s care, supports patients to self-monitor and self-manage, provides information to patients 

and caregivers, and ensures that they know how to access the right help at the right time. A “single 

point of access” will be available during office hours for patients with PD, as well as supporting 

anyone else who may have concerns or questions, such as caregivers, the general practitioner, 

community teams, and secondary care. The individual who takes the call can triage the enquiry 

towards the appropriate multidisciplinary team member, with the assistance of the care manager as 

required. The aim is to respond to the earliest sign of deterioration in the patient’s condition, ideally 

before they have the need to present to acute services and to instigate timely measures to stabilise 

the clinical and/or social situation. In situations in which acute admission is necessary, the PRIME 

intervention team would be informed, if not already aware, enabling them to support the inpatient 

team to achieve continuity of care and aim to minimise the length of stay, which in turn would save 

resources making the intervention cost-effective.  

Patients allocated to receive the PRIME model of care will be assisted by a member of the team to 

formulate a personalised action plan. This process allows the care manager and wider 

multidisciplinary team to establish what matters most to each patient, to understand their individual 

needs and preferences and to document the agreed action plan.  This serves as the 

prescription/management plan from the PRIME intervention team, which will be categorised into 

three domains: staying well, social, managing Parkinson’s (including other comorbidities).  
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4.7.3.2. Education and empowerment of patients and carers  

Patients and their carers will be supported to access relevant information in a variety of formats, 

including written and electronic resources, group education, and peer support (both one-to-one and 

group support).  

Given the large amount of information available on a national level, for example, as provided by 

Parkinson’s UK [260], the goal will be to deliver personalised education by ensuring that patients are 

directed towards the most relevant information for them, based on their disease stage, priorities, health 

skills, and symptom burden and support them in both access, comprehension and relevance to their 

personal circumstances. The specific needs of carers will be addressed by offering opportunities for 

caregivers to share experiences, access information about financial and practical support and learn how 

to look after their own wellbeing. Education will focus on common themes such as managing 

medication, staying healthy, self-management, and advance care planning, as well as targeting certain 

disease phases/stages (early diagnosis, complex disease phase). It is also critical that efforts to empower 

patients consider where patients are on their chronic disease journey. A recent review highlighted the 

development of five different attributes; acceptance, coping, self-management, integration and 

adjustment [306].  Attempts to empower patients may be problematic without understanding and 

accounting for these different attributes and how they are translated into ways of living. 

4.7.3.3. Empowerment of healthcare professionals  

We recognise a need to educate and upskill healthcare professionals, including clinicians and therapists, 

to ensure that they have PD-specific expertise [266] and are able to work in this new model of care by 

supporting them in multidisciplinary collaboration and delivery of personalised care. PRIME intervention 

team members are also being supported to cross-skill by gaining additional skills to allow them to blend 

across traditional boundaries to provide integrated care for patients. Regular multidisciplinary team 

meetings will facilitate discussion of complex cases and ensure goals of treatment are aligned. 

In addition, up-to-date guidelines will be made readily accessible for all healthcare professionals as part 

of the PRIME model of care. Furthermore, development of evidence-based tools and protocols will 

standardise the approach to commonly occurring issues.  

4.7.3.4. A population health approach  

As well as considering their health needs in relation to their PD, we are also adopting “population health 

management”, which is a multi-disciplinary approach of proactive prevention and upstream 
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interventions to improve overall health by, for example, promotion of good nutrition and physical 

activity, and reducing the burden of morbidities which may occur alongside PD. This approach will not 

only consider the upstream social determinants of health, but will also focus on health inequalities and 

equitable access to health care. Any new interventions should address existing inequalities rather than 

widen them (“intervention generated inequalities”), which may occur if more educated patients are 

better able to make use of these interventions [307].  

4.7.3.5. Information technology infrastructure  

A bespoke secure information technology (IT) platform is under development and the aspiration is for 

this to be integrated with the hospital and GP electronic health records and accessible by the PRIME 

intervention team, the patients themselves and, with the consent of the patient, their caregiver(s). The 

personalised care plan will be completed and stored within the IT platform; participants will additionally 

be given a hard copy of the personalised care plan each time it is updated. We envisage the 

development of a patient “dashboard” which enables staff to rapidly ascertain a patient’s risk category, 

updated in response to events or change in symptoms, as well as showing all inputs from the 

multidisciplinary team and providing a secure means of communication to assist with coordination or 

care.  

Whilst not appropriate for all, some patients may benefit from being directed towards freely available, 

approved web applications (apps), specific to their particular needs. These will mostly be drawn from 

lists of apps approved by the NHS and/or Parkinson’s UK or which have been shown to be acceptable to 

similar patient groups.    

 

4.7.4. Evaluating the PRIME model  

Empirical data on the PRIME model of care is being gathered in both the Netherlands and the UK. In the 

Netherlands, an observational study is being conducted involving four community hospitals who are 

receiving the PRIME intervention, compared to data from other parts of the Netherlands who are 

continuing to receive usual care, thereby acting as controls [308]. In the UK, a single-centre RCT, 

delivered at Royal United Hospitals NHS Foundation Trust (RUH Bath), is being conducted in which 

participants are randomised to receive the PRIME model of care, in addition to usual care, or to continue 

with usual care, for a period of 24 months. The participants, who must be aged 18 years and above, with 

a diagnosis of parkinsonism made by a movement disorder specialist and resident within the catchment 
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area of the RUH Bath, are being identified primarily from those who took part in the PRIME cross-

sectional study (described in chapter 3), so long as they consented to be contacted about future 

research studies. Participants may also be identified by reviewing acutely admitted patients and clinic 

lists, and by local advertising. Patient participants will be sampled across the spectrum of disease. Up to 

three informal caregivers are being co-enrolled with the person with parkinsonism who they support in 

order to also determine the effect of the PRIME model of care on this population.  

The PRIME model of care has been tailored for delivery within the NHS and local region in which it is 

being trialled, whilst retaining the key elements described above and set out in the logic model I 

developed and published. Patients allocated to receive the PRIME model of care will be risk stratified 

according to their risk of acute deterioration and hospital admission, informed by the CPRD analysis 

described in chapter 2. Risk stratification will allow the team to adjust their approach accordingly and 

responsively increase input and support to those in the highest risk group. 

In addition to development of the logic model, my other main contribution to the design of the PRIME 

RCT was selection of a suitable primary outcome measure. In the remainder of this chapter, I describe 

the particular considerations for selection of an outcome measure given this is a complex intervention in 

a clinically complex population.  

  

4.8. Determining success: deciding on a primary outcome measure  

4.8.1. Assessing the utility of existing outcome measures in parkinsonism research 

Since there are currently no disease modifying therapies for parkinsonism, much research is focused on 

improving the quality of life, health and wellbeing of people with Parkinson’s. Indeed, the PRIME model 

of care was developed with the aim of improving the experience of living with PD, rather than modifying 

disease progression. It is therefore important to be able to assess the benefits of potential treatments 

and innovative models of care in a standardised way which is meaningful to people with Parkinson’s.  

In general, disease-specific guidelines are typically focused on prevention of disease-specific outcomes, 

deaths, and hospitalisations [79]. The Unified Parkinson’s Disease Rating Scale (UPDRS) is a disease-

specific rating scale which was developed in the 1980s and revised following a critique by the Movement 

Disorder Society (MDS) [309], which led to greater emphasis on non-motor aspects and improved the 

measurement of mild impairment [163]. The resulting version, the MDS-UPDRS, [163] is frequently used 

in trials, as well as clinical settings, and has been translated into multiple languages. It is divided into 
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four parts which assess non-motor and motor experiences of daily living; severity of motor symptoms 

and motor complications, using a combination of standardised clinical examination and rating; 

interview-administered questions; and self-completed questions [163].  

Patient-reported outcomes, defined as “any report of the status of a patient’s health condition that 

comes directly from the patient without interpretation of the patient’s response by a clinician or anyone 

else” [310] are increasingly being used alongside or instead of biomarkers and measures of morbidity, 

mortality and healthcare use [311]. Quality of life is a frequently used self-reported outcome measure in 

Parkinson’s research, in particular the PDQ-39 and 8 item (PDQ-8) versions [215, 312]. However, there 

are some limitations to disease-specific outcomes, particularly in older people, as well as those with 

multiple long term health problems, disability or short life expectancy who may place less importance 

on certain health outcomes and in whom there are trade-offs to consider when considering multiple 

interventions/treatments [313].  It can also be difficult to identify outcome measures which are 

appropriate for, and validated for, completion by a proxy on behalf of a participant lacking capacity 

[146] and, whilst some outcomes have been endorsed for use in PD dementia [314], floor and ceiling 

effects may render them unsuitable for use in individuals with intact cognition, precluding their use in a 

trial recruiting across the spectrum of disease.  

4.8.2. What matters to patients?  

The 4 M’s of age-friendly healthcare systems suggests that, along with mobility, medication and 

mentation, healthcare professionals should consider ‘what matters most’ so that care can be aligned 

with a person’s specific goals and care preferences [315] . Reuben and Tinetti suggest how traditional 

disease-specific outcomes within measurement domains such as symptoms or functional status, can be 

reframed into goal-orientated outcomes so that, for example, instead of using a pain inventory in 

someone with arthritis, we may instead assess control of pain sufficient to carry out an activity chosen 

by the patient as important to them [313]. Such an example might be walking a grandchild to school 

[313] as opposed to simply the ability to walk or assessment of gait. Similarly, when assessing survival, 

whilst the traditional outcome may be disease-free-survival, the goal-orientated outcome would be 

translated into survival until a personal milestone. Alternatively. there may be no goal-orientated 

outcome relating to survival if this were not considered a priority for the patient [313].  

Given the complexity and heterogeneity of PD, with symptoms spanning multiple body systems and 

varying between individuals and across the disease course, it is often not appropriate to use an outcome 

measure which focuses on a single domain.  Furthermore, it is increasingly recognised that management 
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of Parkinson’s disease requires an integrated approach in which a coordinated multidisciplinary team 

delivers individualised, person-centred care [316].  

One approach to assessing the extent to which a care model has implemented the elements of the CCM 

is to use the Assessment of Chronic Illness Care (ACIC), a tool completed by healthcare professionals 

which allows the strengths and weaknesses of care delivery to be quantified  [317]. Recognising the 

need to also capture the patient’s perspective on their chronic illness care, the same group went on to 

develop the Patient Assessment of Chronic Illness Care (PACIC) [318]. Whilst the ACIC and PACIC provide 

validated means to assess whether care contains key elements, such as self-management and decision 

support, presence of these process measures cannot be assumed to translate into better outcomes for 

patients. There is a need for patient-reported outcome measures which capture the downstream effects 

of a multi-component intervention, such as an integrated care model, which is aiming to have impact 

across physical, psychological and social domains. It is important that outcome measures are relevant to 

patients, especially since the evidence suggests that the priorities of people with Parkinson’s, for which 

symptoms they would most like to improve, are personal and vary with disease duration [319].  Cools et 

al have proposed happiness as an outcome measure, which may capture wellbeing more broadly than 

traditional outcomes measures [320]. However, this approach may also have limitations since it is 

acknowledged that wellbeing is a multi-dimensional construct which encompasses psychological 

wellbeing, rather than merely the pursuit of happiness [321].  

A systematic review pf patient-related outcome measures used to assess the impact of integrated care 

amongst older people identified use of the following outcome measures: patient satisfaction, hospital 

admission and readmission rates, length of stay and mortality [322]. Overall, integrated care models 

appeared to have a positive effect on hospital admission rates, with a possible reduction in length of 

stay amongst participants receiving an integrated care intervention [322].  Hospital admission rates can 

be established using routinely collected data, minimising participant burden, and a reduction in 

admission rate is likely to be meaningful to patients, as well as a powerful driver for policy makers given 

the financial cost associated with hospitalisation. It was thus considered as a possible primary outcome 

measure for the PRIME RCT.  

4.8.3. Factoring in cost  

Kumpunen et al highlight the importance of selecting outcome measures which are meaningful to 

patients and which also align with the theory of the logic model [323]. In the PRIME logic model, the 

overarching aims for the PRIME model of care included an improvement of the experience of care and a 
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reduction in cost of care, both of which would be furthered by a reduction in the rate of hospital 

admission. Furthermore, the PRIME logic model anticipated that a more proactive approach, which 

supported patients to access care in a timely fashion, may lead to a reduction in hospital attendances for 

some individuals and for certain presentations.  However, Kumpunen et al also discuss how an 

intervention aiming to reduce hospital admission and hence measured using this outcome, yet targeted 

at those at low risk of this outcome, may appear to be less effective than if it were trialled in a group of 

high risk individuals [323]. As described above, the PRIME RCT set out to recruit individuals across the 

spectrum of disease, since a central aspect of the PRIME model of care is individualisation of care, 

including based on a patient’s stage of disease and degree of complexity. It was therefore essential to 

select a primary outcome measure which would be suitable for establishing effectiveness of the PRIME 

intervention in participants of all disease stages. An outcome measure that meets this objective is goal 

attainment scaling. 

4.8.4. Background to goal attainment scaling 

Goal attainment scaling (GAS) is an outcome measure in which individuals set goals which are 

meaningful to them. Progress can subsequently be rated on a standardised scale. Goal-orientated 

outcomes can be advantageous in patients with multiple conditions or with symptoms spanning multiple 

domains since they allow patients to choose outcomes which span these conditions and prompt 

clinicians to focus on aligning treatments to that goal [313].  

Originally used in a clinical rather than research setting, GAS was developed in the 1960s to evaluate 

mental health services [324] and it has become well established as a means of measuring the 

effectiveness of brain injury rehabilitation, since both the deficits and what is considered a ‘good’ 

outcome often vary considerably between individuals [325]. It has been applied in other settings, 

including in community-based geriatric care where it has been used by Canadian clinicians as both a 

goal-setting process, to facilitate planning and monitoring of patient care, and to evaluate a service 

[326]. It has also been suggested that GAS may help to prioritise how to focus clinical efforts if a long list 

of needs is generated following comprehensive geriatric assessment [326].  When GAS has been applied 

in the clinical care of people with dementia and their caregivers, 85% of dyads felt that the goal-setting 

process was helpful in planning for future care; dementia care managers felt that the process improved 

their understanding of their patients’ priorities and identified goals they would otherwise not have 

known about [327].  
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4.8.5. Utilisation of goal attainment scaling  

4.8.5.1 In clinical settings 

The GAS process, described by Turner-Stokes et al, consists of a healthcare professional first identifying 

the main problem areas (domains) during an interview with the patient and then jointly agreeing goals 

within those domains, with guidance to ensure goals are specific, measurable, attainable, realistic and 

timely [325]. The goals may, if desired, be weighted according to importance and difficulty. The 

expected outcome, defined as achievement level 0 is agreed and descriptors pre-agreed for level -1/-2 

and +1/+2, representing a worse or better outcome than expected, respectively [325]. Finally, on the 

agreed review date, each goal is rated on the 5-point scale based on the actual performance [325]. A 

formula is then applied to combine the scores for all the goals into an aggregated score, taking into 

account the weighting if used [325]. The Canadian Occupational Performance Measure (COPM), 

published in 1991, is another approach to setting individualised goals and has been used extensively in 

clinical settings, particularly by occupational therapists [328]. Similar to GAS, the COPM involves a semi-

structured interview, but with discussion focused around identification of issues within three areas: 

productivity, self-care and leisure. Patients choose up to five problems, based on their perceived 

importance, in which to focus on and then rate their current performance and satisfaction with their 

performance on a scale of 1 to 10, where a higher rating represents greater performance and 

satisfaction. The performance and satisfaction scores are averaged across the different problems to 

produce a performance and satisfaction score out of ten.  After an intervention period, patients again 

rate their performance and satisfaction for each problem and the outcome is the change in score, a 

change of two or more is deemed clinically significant [328]. The psychometric properties of these scales 

are described below (4.8.6).  

Goal-setting has been used as a clinical intervention for people with parkinsonism. The individualised 

physiotherapy OT intervention trialled within the large multicentre, UK PD-REHAB trial incorporated a 

goal-setting approach, acknowledging this to be gold standard practice [329], which highlights how goal-

setting can be used to tailor care to the priorities of patients with parkinsonism.  

Goal-setting has also been used within cognitive, as well as physical, rehabilitation in patients with 

parkinsonism and has been found to be feasible to implement even in individuals with subjective 

cognitive decline [330]. In this small study of 30 participants with PD, the median number of goals set by 

each patient was 5, all participants were able to identify at least 3 goals and 87% of goals were given an 

importance rating of 7 or more out of 10 [330]. This suggests that patients with parkinsonism can 
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identify a sufficient number of meaningful goals, supporting the use of goal-setting to aid engagement 

with rehabilitation interventions in this population.  

4.8.5.2. In clinical research 

Goal-orientated approaches have since been used as outcome measures to evaluate an intervention in a 

research setting, including amongst people with multiple sclerosis [331] and older adults living with 

frailty [332]. This approach has been suggested for future research studies evaluating multidisciplinary 

clinical care teams in PD [333] and my literature search of goal-orientated outcomes in PD found that 

they have been used for studies involving PD participants, including those with freezing of gait [334], 

dementia or MCI [335-338].  Table 49 summarises interventional studies involving people with 

parkinsonism which have included goal-setting as a primary, secondary or tertiary outcome measure. 

Four studies were RCTs, two of which evaluated a cognitive rehabilitation intervention [335, 337], one a 

physiotherapy/OT intervention [339], and one the medication memantine [336].  Goal-setting was 

operationalised as an outcome measure using several different approaches: goal attainment scaling 

[325], the Bangor Goal-setting Interview [340], Canadian Occupational Performance Measure [328] and 

Patient-Specific Functional scale (PSFS) [341]. Unlike GAS, COPM and BGSI, which involve a semi-

structured interview during which goals are set, the PSFS is a self-reported measure in which patients 

are asked to list up to five activities that they struggle to do because of their condition or problem and, 

for each, to rate from 0 to 10 their ability to perform the activity at baseline and at subsequent follow up 

[341]. In the study by Barker et al, participants had the option to change their goal at follow-up, and 

retrospectively recall the baseline ability, if they had not focused on the goal they originally identified 

[342]. The shortest follow-up time for re-assessment of goal attainment was four weeks [339] and the 

longest was six months [337].  

Since goal-orientated approaches, such as GAS, involve the assessment of change in individualised goals, 

they are only suitable for evaluating interventions which are expected to have an effect on functional 

status and ability to do daily activities and are not suitable for use in interventions which only impact 

upon physiological biomarkers [343]. In comparison to classical measurement instruments, in which a 

cut-off score may indicate a particular diagnosis and in which individual scores can be compared to 

normative data, the evaluation of an intervention using a goal-based outcome, relies on comparison of 

one group mean with another group’s mean within a RCT, since GAS is a relative measure [343]. When 

used as a research outcome, rather than as a clinical intervention to motivate changes in behaviour, it is 
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important that goals are agreed before randomisation and that assessors responsible for following up 

attainment and, if feasible, patients, are blinded to treatment allocation [343].  
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Table 49: Interventional studies, including trials, which enrolled people with parkinsonism and which included a goal-orientated outcome 
measure. 

Author (year) Country Disease group Number of 
participants  

Study design  Intervention  Goal-setting 
outcome 
measure 
(timepoints for 
assessment) 

Reuter et al. (2012) 
[335] 

Germany  PD with MCI  240 Single-blinded 
randomised 
controlled trial 

Group A: cognitive 
training 
Group B: cognitive 
training plus transfer 
training  
Group C: cognitive 
training plus transfer and 
psychomotor training  

GAS† (baseline 
and 6 months) 

Leroi et al. (2014) 
[336, 344] 

UK PD dementia  25 Pilot, double-
blind, placebo-
controlled trial  

Memantine (20mg) 
versus placebo for 16 
weeks  

GAS (baseline 
and 22 weeks)† 

Hindle et al. (2017) 
[337] 

UK  PD dementia or 
DLB  

29 Single-blind pilot 
randomised 
controlled trial  

Cognitive rehabilitation 
versus relaxation therapy 
versus treatment as 
usual for 8 weeks 

BGSI (baseline, 2 
month, 6 
month)*   

Barker et al. (2017) 
[342] 

Australia  Individuals with a 
neurological 
condition including 
those ‘preparing 
for decline’ which 
included PD and 
multiple sclerosis  

206 participants, 
of whom 57 
were 
categorised as 
‘preparing for 
decline’  

Prospective, 
observational, 
pre-post study 

Goal-orientated 
rehabilitation plans 
comprising group 
interventions and 
individual sessions  

PSFS* (baseline 
and 3 months) 

Clifford et al. 
(2017) [345] 

UK  PD  10 Service 
evaluation 

Six fortnightly 1.5-hour 
dance classes over 12 
weeks 

GAS (baseline 
and 12 weeks)$ 
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Author (year) Country Disease group Number of 
participants  

Study design  Intervention  Goal-setting 
outcome 
measure 
(timepoints for 
assessment) 

Cabrera-Martos et 
al. (2018) [339] 

Spain  Patients with 
parkinsonism 

50 Single-blinded 
randomised 
controlled trial  

4-week home-based 
intervention from PT/OT 
- Experimental group: 
goal-orientated 
intervention 
- Control: standardised 
therapy approach  

GAS (baseline 
and 4 weeks)* 

Foster et al. (2018) 
[338] 

USA  PD without 
dementia but with 
subjective cognitive 
decline  

7 Case series with 
pre and post 
testing  

Five or more 
individualised training 
sessions at participant’s 
home over 6-15 weeks 

COPM† (baseline 
and post-test) 

Spencer et al. 
(2020) [346] 

USA Idiopathic PD 3 Case series with 
pre and post 
testing 

8-week treatment 
program to train for the 
use of compensatory 
external aids to achieve 
personalised goals 

GAS* (baseline, 8 
and 12 weeks) 

Goh et al. (2021) 
[334] 

Australia PD and freezing of 
gait  

10 Single-group pre-
post mixed 
methods pilot 
trial 

Home-based, 
personalised video self-
modeling intervention 
delivered via a virtual 
reality head-mounted 
display over 6 weeks 

GAS† (baseline 
and week 8) 

PD: Parkinson’s Disease; MCI: mild cognitive impairment; DLB: Dementia with Lewy Bodies; PT: physiotherapist; OT: occupational therapist; GAS; Goal 
Attainment Scaling; BGSI: Bangor Goal-setting Interview; PSFS: Patient-Specific Functional scale ; COPM: Canadian Occupational Performance Measure.  
*Primary outcome measure  
†Secondary/tertiary outcome measure  
$Not clear if primary or secondary outcome 
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4.8.6. Psychometric properties of goal-based measures   

4.8.6.1. Overview of definitions  

The psychometric properties of goal-based measures have been explored to some extent. The 

COnsensus-based Standards for the selection of health status Measurement INstruments (COSMIN) 

taxonomy defines three domains, each comprising further measurement properties, which should be 

considered when assessing the properties of a patient-reported outcome measure: reliability, the 

degree to which a measurement is free from measurement error; validity, the degree to which an 

instrument measures the construct it intends to measure; responsiveness, the ability of an instrument 

to detect change in the construct over time [347].  

Reliability can be divided into measurement error, reflecting the systematic and random error in the 

score which is not due to an actual change in what is being measured; test-retest, inter-rater and intra-

rater reliability, which refers to the consistency of scores measured (i) at different points in time or (ii) 

by different raters/responders or (iii) by the same rater/responder respectively [341]. Validity 

encompasses content validity, the degree to which the instrument’s content is a good reflection of the 

construct being measured; construct validity, the degree to which a measure’s scores are correlated as 

expected with other outcome measures; and criterion validity, which involves comparison to a gold 

standard [341].  

Internal responsiveness can be assessed by comparing the baseline and follow-up scores to determine 

the effect size [341], whilst the minimal clinically important difference (MCID) is the smallest change 

which a patient would perceive to be meaningful which reflects external responsiveness [341]. 

4.8.6.2. Measurement properties of goal-based measures  

There is evidence for the reliability, construct validity and responsiveness of the COPM [328]. A 

systematic review of the literature about the PSFS found 13 studies which reported on at least some 

measurement properties and concluded that it had good reliability, validity and responsiveness in a 

range of musculoskeletal conditions including mechanical back pain and knee dysfunction, but that 

evidence for its use in other areas such as neurological disease was lacking [341].  

A systematic review of goal-orientated outcome measures in general, which included papers which 

either reported a drug trial which had used a goal-based measure or which had reported on the 

psychometric properties, found limited information about the measurement properties [348]. Where 

the psychometric properties were considered, the quality of these studies was deemed to be poor, and 
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the evidence was mostly limited to use of goal-orientated measures in trials of botulinum toxin for 

spasticity, limiting the generalisability to use in other disease areas [348]. However, the authors 

highlight that responsiveness had been evaluated in a greater proportion of studies and that the ability 

to detect small changes which are meaningful to the patient are a potential strength of this approach 

[348].   

Goal attainment scaling was used as the primary outcome measure in a randomised controlled trial of 

comprehensive geriatric assessment in community-dwelling, frail older adults and the responsiveness of 

GAS goals for common problems, including mobility, was compared to standard instrument-based 

measures [349]. Responsiveness, defined as ‘the ability of an instrument to detect change over time’ 

[350], was better with GAS than when any of four standard measures was used [349]. GAS was also 

found to be the most responsive measure for detecting clinically meaningful change in nursing home 

residents  [351]. Exploratory analyses using data from two RCTs, one involving patients with mild to 

moderate Alzheimer’s disease, the other in frail older adults, found conflicting results as to whether GAS 

remains responsive when only one goal is set, as a time-saving measure, rather than three or more goals 

[352].   

Overall, there are gaps in the evidence for the validity and reliability of goal-orientated outcome 

measures, in general and specifically for use in people with parkinsonism. However, the evidence for the 

responsiveness is more encouraging.   

 

4.8.7. The Bangor Goal-Setting Interview 

The BGSI, similar in approach to the COPM, was developed for research purposes and provides a 

structured approach to eliciting an individual’s goals and the means to generate a numerical score, 

which allows progress with goal attainment to be assessed over time, and comparison to be made 

between patients with multiple, personalised goals [340]. As for GAS and the COPM, the goal-setting 

process entails a collaborative interview in which the patient sets goals with, for example, a therapist or 

researcher, with input from a family member or caregiver, referred to as an ‘informant’, particularly for 

patients with cognitive impairment [340]. Once goals have been selected, goal attainment descriptors 

can be specified to indicate what would constitute, for example, 0%, 50% or 100% attainment. Current 

goal attainment is then rated on a scale from 1 to 10 for each, with the option to similarly rate perceived 

importance and motivation to change, and also the option for an informant to independently rate 
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attainment. At follow-up, the patient describes their current activity in relation to the goals and 

attainment is rated from 1 to 10, with reference back to the pre-specified attainment descriptors. A 

change score is calculated by subtracting the mean attainment at baseline from the mean attainment at 

follow-up [340].  

The Bangor Goal-Setting Interview has been used as the primary outcome measure in a multicentre trial 

of cognitive rehabilitation in early-stage dementia [353]. It has also been shown to be feasible for use 

with people with PDD and DLB [354] in a pilot RCT (CORD-PD) which evaluated cognitive rehabilitation 

against two control conditions in 29 individuals who were deemed by their clinician to have early to mid-

stage dementia [355].  Participants set up to three personal rehabilitation goals using the BGSI and, as 

summarised in Table 49, goal attainment and associated satisfaction according to the BGSI were 

measured at baseline, 2 and 6 months [355]. 18 of the 29 participants with PDD and DLB set three goals, 

whilst the remaining participants set two goals [354]. Common themes of goal statements in this patient 

group were around learning/relearning how to use technology, starting or maintaining an activity or 

hobby, and management of medications [354]. If the participant identified a caregiver, they were also 

asked to rate attainment [355]. 2 out of 26 caregivers declined to rate the patient’s attainment for one 

goal each because they were not previously aware that the patient had difficulty in these areas [354], 

highlighting a potential issue of informant rating. Interestingly, mean caregiver ratings for baseline goal 

attainment were higher than the patient participants’ own ratings [354].  

 

4.8.7.1 What constitutes a meaningful difference? 

 In the paper describing the results of the GREAT trial of goal-orientated cognitive rehabilitation in early-

stage dementia, which used the BGSI as the primary outcome measure, it was reported that an 

improvement of 2 points in the BGSI goal attainment rating is typically considered clinical meaningful 

[356]. This was based on the recommendations for use of the COPM, a similar rating scale [328] 

(Personal communication, Professor Linda Clare, 3rd October 2020). However, it should be noted that in 

a population of community-dwelling older adults, the MCID (the mean change score in patients 

reporting they were “a little improved” following an intervention) was 3.0 and 3.2 points for the COPM 

performance and satisfaction scores respectively  [357], suggesting that the current threshold may be 

too liberal. The MCID in goal attainment assessed using the BGSI has not been explored in PD.    
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4.8.8. Use of the Bangor Goal-Setting Interview in the PRIME RCT 

Following the decision to use a goal-orientated measure, specifically the BGSI, as the primary outcome 

measure in the PRIME RCT, it was necessary to adapt the processes described in the BGSI manual for use 

in our trial and to formalise this within a standardised operating procedure (see appendix J). As far as 

possible, I tried to adhere to the steps described in the BGSI manual and outlined above, with a 

particular focus on the section of the manual referring to use within an RCT [340]. Where an aspect of 

operationalisation was not specified or options were given in the manual, I made a decision on what 

approach would work best within the context of the PRIME RCT. Alongside the BGSI, a range of 

secondary outcome measures will also be used to evaluate the intervention, including its impact on 

health-related quality of life, patient activation, social participation, motor and non-motor symptoms, as 

well to allow for health economic and process evaluation. The full list of outcome measures is detailed in 

appendix K.  

4.8.8.1. Sample size calculation  

Since the BGSI is the primary outcome measure in this trial, it formed the basis for the sample size 

calculation for the PRIME RCT. In the GREAT trial, the mean score for goal attainment at baseline was 

approximately 3.5 (SD 1.6) [356].   To detect a standardised effect size of 0.5 between groups (regarded 

as a moderate effect size [358]) with 90% power we calculated that we would need 85 in each 

group.   To allow for 20% attrition, this sample size was inflated to give a total sample size of 214 (107 in 

each arm).  In order to establish the MCID in goal attainment in a parkinsonism population, we have 

included a Patient Global Impression of Change question at follow-up. This will allow us to undertake a 

similar analysis to Tuntland et al who determined the mean changes scores for the COPM satisfaction 

and performance scales at which patients reported they were “a little improved” according to the 5-

point global perceived change question [357].  

4.8.8.2. Goal domains and reassessment 

Given the holistic nature of the PRIME model of care, we are not pre-specifying life domains within 

which participants must identify goals, since this is expected to be highly personalised. However, we are 

using the resources provided within the BGSI manual to guide participants to consider, for example, how 

their health problems, including parkinsonism, impact on their daily routine, activities and social 

contacts. We will categorise the goals into domains and document this information in order to present 

this descriptive data. We have opted to ask the participants to rate the importance of the goal and their 

readiness to change, both optional elements, in addition to rating their attainment.  
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A particular consideration for use of the BGSI in PRIME RCT was the frequency of follow up of goals. 

Given the PRIME intervention lasts 2 years, it was necessary to agree on set timepoints for follow up in 

all participants, whilst accommodating the fact that participants may select goals which are achievable 

in different timeframes and may wish to add a new goal at a later timepoint to replace a goal which was 

related to a time-specific event (for example, attendance at a wedding). In the PRIME RCT, participants 

specify during the baseline goal-setting interview the timeframe in which they intend to achieve each 

goal (the ‘primary’ follow-up point). All goals are followed up at 3-montly intervals for the 24 month trial 

duration by an assessor blinded to treatment allocation.  

The primary outcome is change in participant-rated attainment, calculated by subtracting the average of 

the baseline attainment from the average of the attainment for each goal at the primary follow-up 

point. Follow-up at all 3-monthly timepoints will allow for a secondary analysis to determine whether 

improved goal attainment, if achieved, is maintained and also to explore whether a greater 

improvement is seen at a timepoint before or after the primary follow-up timepoint. Secondary analyses 

will include the change score for the three goals rated by the participant as most important to them, if 

more than three goals are set, and change in informant-rated attainment from baseline to the primary 

follow-up point. We will compare the average number of goals set per arm; since the baseline goal-

setting interview takes place before randomisation, this would be expected to be balanced at baseline, 

but participants in the intervention arm may set more goals overall due to a motivational effect of the 

PRIME model of care.  

4.9. Chapter summary 

In this chapter, I have described the limitations of current models of care for parkinsonism, with a focus 

on the UK, and have summarised integrated models of care, including those developed for 

parkinsonism. In addition to the evidence gap around how to provide optimal care to people with 

parkinsonism particularly considering heterogeneity and clinical complexity, I have also identified a gap 

in how we meaningfully evaluate new care models in this, and other, populations. 

My first objective was to develop a framework for the multicomponent PRIME model of care. I have 

done this by using a logic model to summarise the main components of the model, together with how 

they are expected to impact upon short and long-term outcomes, including the quadruple aim of 

healthcare improvement. This logic model has provided the structure with which to operationalise the 

intervention in the UK and the Netherlands and a framework around which to design the evaluation of 

the (UK) PRIME RCT.  
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My second objective was to select a suitable primary outcome measure for the PRIME RCT. This 

outcome measure needed to capture the effect of a holistic intervention acting across multiple 

symptoms and domains; be suitable for use in participants across the spectrum of disease stage and 

phenotype, including those with cognitive impairment; and be meaningful to patients, including those 

with multiple long-term conditions and/or complexity. I proposed the BGSI, a goal-orientated outcome 

measure, and adapted this for use within the PRIME RCT.  
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CHAPTER 5 
5.1. Chapter overview  

In this chapter, I recap the main findings of the thesis, and discuss these findings in the context of 

existing literature, along with the strengths and limitations of my work. Finally, I consider the 

implications of this work for future clinical practice and research, and then synthesise all the main and 

important issues that may translate into better patient care.   

5.2. Overall summary of findings 

The overall aim of my work was to explore the interrelation between complexity, comorbidity and frailty 

in people with parkinsonism, including their impact on risk of adverse outcomes, and approaches to 

managing this complexity.  

Increasing age, duration of parkinsonism, multimorbidity score, deprivation level, as well as residence in 

a care home or in an urban location, were associated with increased risk of emergency admission. I have 

produced a table which gives the model-predicted risk of admission over 12 months, stratified by age, 

parkinsonism duration, multimorbidity score and gender, to guide patients, family members and 

clinicians.  

People with parkinsonism living with frailty, multimorbidity and/or cognitive impairment, or who are 

care home residents, are under-represented in research. The recruitment strategies I used, including 

telephone reminders and additional support for participants, resulted in a more representative sample 

which better reflects the clinical complexity within this population. 

I proposed the use of a goal-orientated outcome measure to evaluate the PRIME intervention and 

adapted the Bangor Goal-Setting Interview which is currently being used within the PRIME RCT.  

The main findings for each sub-objective are summarised in Table 50. 
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Table 50: Summary of the key findings for each study 

Research objective Main findings 
Describing and understanding PD 
hospitalisations (chapter 2)  

 
 

1. To describe rates of hospital admission/ED 
attendance over time and by broad region  

 

• The rate of hospital admission and ED attendance 
amongst patients with parkinsonism increased over the 
ten-year study period from 2010 to 2019. 

• There were regional differences in the rates of 
unplanned hospital attendance. 

2. To describe the reasons for hospital 
admission in people with parkinsonism 
compared to controls  

 

• 80.5% of admissions for patients with parkinsonism 
were likely related to parkinsonism.  

• Pneumonia, hip fracture and UTI accounted for 25% of 
all emergency admissions for cases and were all more 
common in parkinsonism cases than controls. 

3. To determine the risks and predictors of 
unplanned hospital attendance 

• Duration of parkinsonism predicted odds of all-cause 
emergency admission, ED attendance and admission for 
pneumonia, UTI and falls/fractures/head injury. 

• Living in a care home reduced the odds of emergency 
admission and ED attendance, but increased odds of 
admission for pneumonia. 

• Living in a rural area reduced the odds of emergency 
admission, ED attendance and admissions due to 
pneumonia.  

Enhancing recruitment of hard-to-reach 
people with PD to better understand their 
needs and the inter-relationships between 
complexity, frailty and multi-morbidity  
(chapter 3)  

 

1. To describe the characteristics of 
recruited participants and evaluate the 
success of strategies which aimed to 
recruit a more representative sample of 
people with parkinsonism, including 
those living with frailty, multimorbidity 
and with impaired capacity to consent  

 

• The sample I recruited included some care home 
residents and adults with impaired capacity to consent 
to research. 

• Compared to the PRISM cross-sectional study, the 
characteristics of my sample more closely matched 
those of parkinsonism patients within the routinely 
collected CPRD dataset. 

• Individuals recruited after more intensive engagement 
had a specific phenotype, providing empirical evidence 
for this recruitment strategy.  

2. To describe the symptoms and 
experience of a representative sample of 
patients with parkinsonism and 
associations with age, gender and 
disease duration  

 

• 65% of patients were in the lowest two levels of patient 
activation and increasing age was associated with a 
lower score for patient activation 

• Longer duration of parkinsonism was associated with a 
greater burden of autonomic and non-motor symptoms 
and poorer quality of life  

• Men had better quality of life scores than women  
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• There was moderate evidence for reduced depressive 
symptoms in men compared with women 

3. To describe the frequency and 
interrelationship of aspects of clinical 
complexity, including frailty, 
multimorbidity and disability 

• It was feasible to assess frailty using a version of SHARE-
FI 75+ adapted for self-report  

• 71.8% of participants were pre-frail or frail according to 
SHARE-FI 75+  

• 70.8% were multimorbid  

• Frailty typically co-existed with disability and/or 
multimorbidity 

• Frailty predicted functional status better than age alone 
and better than SHARE-FI 75+ calculated without the age 
coefficient but with age added as a separate covariate in 
the model.  

Developing a logic model for the PRIME 
intervention and determining the best 
outcome measure (Chapter 4) 

 
 

1. To develop a framework for the 
multicomponent PRIME model of care  

 

• I led on the development of the logic model and 
published this in Parkinson’s Disease as first author 
[262].  

• This describes the main components of the model of 
care, which problems they aim to address and the 
outcomes, both short and long term, they are 
anticipated to bring about. 

2. To select a suitable primary outcome 
measure for the PRIME RCT 

• I proposed a goal-orientated outcome measure, BGSI, 
and adapted this for use within the PRIME RCT. 

PD: Parkinson’s disease; ED: Emergency department; UTI: urinary tract infection; PRISM: Parkinson’s Real-World Impact 
Assessment Study; CPRD: Clinical Practice Research Datalink; SHARE-FI 75+: Survey of Health, Ageing and Retirement in 
Europe Frailty Index 75+; BGSI: Bangor Goal-setting Interview; PRIME RCT: Proactive and Integrated Management and 
Empowerment in Parkinson’s Randomised Controlled Trial.  
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5.3. Findings in the context of existing literature 

5.3.1. Emergency care and hospitalisation for people with parkinsonism (CPRD primary care 

database study)  

5.3.1.1. Secular trends in emergency admission and ED attendance  

My analysis of HES data from the 10-year period from 2010 to 2019 found that the rate of emergency 

admission amongst people with parkinsonism had increased from 0.40 per person year in 2010 to 0.60 

per person year in 2019, a 50% increase. In the same period, the ED attendance rate doubled. Similar 

trends have been noted in the general population. A 2018 Health Foundation briefing based on NHS 

England and HES data reported that there had been a 42% increase in the absolute number of 

emergency admissions in England in the 12-year period from 2006, noting this to be higher than the 9% 

population growth over this period [190]. A study, commissioned by the Department of Health, which 

used HES data to explore trends in emergency hospital admission specifically in older adults (aged over 

65 years) over the 11-year period 2001/02 to 2012/13, found a 25% increase in the age-standardised 

rate of emergency admissions per thousand older people, with a greater increase in the rate in the 

oldest age bands [359]. The report by Wittenberg et al, which focused only on emergency admissions, 

noted higher rates in the North compared to South and East England and reported that the greatest 

increase in the rate was seen in London, which had the highest emergency admission rate in 2012/13 

[359]. My study, focusing on people with parkinsonism and using data from a later period, also 

highlighted some regional variation in rates of both emergency admission and ED attendance, although 

more marked for ED attendance, but did not show a clear North-South divide. London had the highest 

rate of ED attendance amongst people with parkinsonism but, unlike in the Wittenberg et al report 

[359], the emergency admission rate for patients in London was 0.50 per person year (95% CI 0.48; 

0.53), only just above the overall mean rate of 0.49 per person year.  

The literature suggests several factors which may have contributed to the rise in rates of unplanned 

hospital use over time. HES data for admitted patients has suggested an increase in admissions for 

patients with multiple long-term conditions [190] suggesting that increasing patient complexity may 

have contributed to increased rates of admission. This is particularly important since this trend in 

increased complexity is likely to continue; projections suggest a doubling from 2015 to 2035 in the 

proportion of individuals with 4 or more diseases, sometimes termed ‘complex multimorbidity’, with 

two thirds of these individuals having mental health problems, including dementia, depression and 

cognitive impairment [360]. It has also been suggested that changes in deprivations levels and increasing 
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risk aversion among clinicians, formal and informal caregivers could have contributed to increasing 

hospital admission [359].  

 

5.3.1.2. Reasons for hospital admission in patients with parkinsonism 

I found that pneumonia accounted for the biggest proportion of emergency admissions likely related to 

parkinsonism (12.4%), followed by UTI (8.5%), parkinsonism itself (5.2%) and hip fracture (4.0%). This is 

consistent with the findings of Low et al who used HES data over an overlapping period and also 

identified these four categories as the most common PD-related reasons for emergency admission, with 

pneumonia (13%), UTI (9.2%), hip fracture (4.3%) accounting for a similar proportion of admissions [42]. 

In the study by Low et al. admissions relating to PD itself accounted for 9.4% of admissions, which was 

higher than I found. A recent study, using UK primary care electronic healthcare record data from THIN, 

found that falls, fracture, infections, gastrointestinal complications and dementia were the most 

common reasons for hospitalisation in both cases and controls, but occurred more frequently in patients 

with PD [47]. In objective 2, I also found that some less frequently occurring PD-related causes 

accounted for a greater proportion of admissions in parkinsonism cases than controls, including 

hallucinations (risk ratio 7.1; 95% CI 3.8- 13.2) and postural hypotension (2.7; 95% CI 2.1- 3.5). Okunoye 

et al found that the rate of neuropsychiatric complications was seven times more common in PD cases 

compared to controls (IRR 7.59; 95% CI 5.82- 9.89) and that the rate of postural hypotension was 

approximately triple in PD cases (IRR 3.60; 95% CI 3.05- 4.26) [47]. I found that cardiac-related 

admissions were less common in parkinsonism cases than in controls, which is consistent with the 

inverse relationship between smoking and PD [93], although I did not adjust for smoking status. 

Okunoye et al found lower rates of admission for hypertension but similar rates for other cardiac causes 

[47].  

Although I did not explore the secular trends in specific reasons for admission it is interesting to note 

that, amongst individuals over 65 years in England, the largest absolute increase in number of 

admissions was from those with a primary diagnosis of pneumonia, followed by UTI and then by head 

injuries [359]. It is important to consider the reasons for admission which account for the greatest 

proportion of emergency admissions and/or are the biggest drivers of increasing rates because it is 

considered that certain types of admission may be ‘ambulatory-care sensitive’/potentially avoidable, 

although the exact definition and list of included conditions differs between settings [57]. Pneumonia 

and UTI, which collectively accounted for one fifth of admissions amongst people with parkinsonism in 
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my study, are both typically considered to be ACSCs which may be prevented by good management in 

primary care [59]. Mytton et al applied a broader definition of avoidable admissions to consider those 

which could have been avoided in an “ideal system” and to include social as well as medical factors 

which precipitate admission [361]. In addition to admissions deemed to be avoidable by better primary 

care, other categories of avoidable admission included by the authors were those for which timely 

access to intermediate care, social care or alternatives to admission (e.g. day assessment unit); earlier 

referral to a specialist; or access to community palliative care services may have prevented admission 

[361]. For patients resident in a nursing home the list of conditions for which admission can potentially 

be avoided is sometimes expanded [60]. There is variation in which conditions are included as 

‘additional nursing home-avoidable conditions’ (ANHACs) but this list may include falls and resulting 

injury, constipation and delirium [60], all of which were more common in cases than controls in the 

CPRD study and classified as likely to be related to parkinsonism.  

5.3.1.3. Predictors of admission  

I found that increasing age, multimorbidity score, duration of parkinsonism and deprivation level, as well 

as care home residence and registration at a GP practice in an urban location, were associated with 

increased odds and rate of emergency hospital admission after accounting for period effects. I did not 

find a difference in odds of admission between males and females. The study conducted by Okunoye et 

al using routinely collected primary care data also did not find a sex-related difference in admission 

rates after adjustment for potential confounders [47]. This study also found that the rate of hospital 

admission increased with increasing PD disease duration, although it used an incident cohort and so the 

maximum PD duration was only eight years [47].  

The international multicentre study conducted by Hassan et al as part of the National Parkinson 

Foundation Quality Improvement Initiative (NPF-QII) found that higher number of comorbidities was a 

predictor of an ED attendance or hospitalisation [54]. They noted that individuals who had a hospital 

encounter during the study period had a longer disease duration than those not admitted but that no 

association was found between duration and odds of admission after adjustment for comorbidity 

number, TUG, presence of DBS and motor fluctuation [54]. However, since motor fluctuation is a feature 

of advanced PD and increased TUG may reflect worsening mobility and balance in the later disease 

stages, these are potentially mediators on the causal pathway between disease duration and hospital 

admission, rather than confounders.  
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Further National Parkinson Foundation Centres of Excellence data, which included the cohort described 

by Hassan et al, found that age, previous hospital admission and number of medications predicted time 

to hospital encounter from the baseline visit [55]. This association between age and hospital encounter 

concurs with my finding, albeit the authors used a survival analysis approach rather than logistic 

regression. I did not explore the associations between previous hospital admission or total number of 

medications and unplanned hospital use, although this would be possible to do using CPRD data. I would 

expect to find that prior emergency admission/ED attendance is predictive of future admission; likewise, 

a greater number of medications may reflect a higher number of comorbidities, which I found to be 

associated with risk of admission, as well as increasing the risk of drug interactions which can precipitate 

admission. Whilst the NPF-QII study described by Hassan et al and Shahgholi et al did not include 

deprivation, rurality or care home status as variables, they conducted a clinical assessment which 

allowed for variables such as H&Y stage, motor fluctuation, DBS, quality of life and physical metrics (e.g. 

TUG), which are not available in routinely collected data such as CPRD, to be explored as potential risk 

factors for admission [54, 55]. However, the NPF-QII study required patients to self-report hospital 

encounters over the previous 12-month period, which may introduce recall bias, which is not an issue 

when using routinely collected data. Additionally, of the 7,507 patients from centres of excellence 

enrolled in NPF-QII, 2827 (38%) were not included in the analysis because they did not have 1-year 

follow up data [55]. This included 1,400 withdrawn subjects who were older, more likely not to have a 

caregiver, to be H&Y stage three or above, to have longer disease duration, more comorbidities and to 

have had a hospital encounter prior to baseline than patients who did not withdraw [55], which may 

also have biased the findings, and under-estimated the importance of predictors.  

I found modest evidence that care home residence reduced odds of all-cause emergency admission and 

admission for UTI, after adjusting for potential confounders. There was strong evidence that it reduced 

odds of ED attendance and emergency admission for falls/fractures/head injury, after adjustment. This 

suggests that, for individuals of similar age and gender, with similar parkinsonism duration and 

multimorbidity score, the odds of admission, including for UTI and falls/fractures/head injury, and ED 

attendance were lower in an individual who was a care home resident compared to a community-

dwelling patient. Patients with parkinsonism living in care homes are an under-researched group but a 

study of 90 patients in North East England found that the median number of ED attendances, median 

number of hospital admissions and median LOS were lower once living in a care home, compared to the 

period leading up to institutionalisation [53].  Living in a residential or nursing home could indicate 

greater functional disability and/or frailty which may, in turn, prompt advance care planning discussions 
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and decisions not to admit to hospital if the risk is deemed to outweigh any potential benefit. The 

reduced odds of admission for falls/fractures/head injury specifically may also suggest that certain 

conditions can be managed in a care home setting, due to the continuous availability of care, thus 

avoiding hospital admission. For example, care home staff may be able to monitor a patient’s condition 

after a head injury, which fits with the literature which has suggested this to be an ANHAC [60]. Care 

home residence increased odds of admission for pneumonia specifically, after adjustment for age, 

gender, multimorbidity and parkinsonism duration. This likely reflects both a population at high risk of 

pneumonia, which fits with Walker et al’s finding that pneumonia was a common reason for admission 

to hospital after admission to care home [53], along with it being a condition less amenable to 

management in a care home, since intravenous antibiotics and supplemental oxygen may be required.   

5.3.1.4. Rural-urban status and odds of admission/ED attendance 

The finding that people with parkinsonism registered at a GP practice in a rural area had 18% lower odds 

of hospital admission and 24% lower odds of ED attendance than those in an urban area, after 

adjustment for potential confounders, was a novel finding in this population. Okunoye et al concluded 

that having a diagnosis of PD did not interact with urbanicity to determine risk of admission but did not 

specifically describe the effect of urbanicity itself, although the unadjusted supplemental data show no 

difference in rates between rural and urban groups [47]. The pattern I found has been noted for rates of 

respiratory admissions. In a UK study of emergency hospital admissions due to asthma or COPD using 

HES data, patients in a town/fringe location or village/hamlet had a 11% and 25% reduced rate of 

admission for COPD respectively compared to patients living in urban areas, after adjustment for 

age/sex/deprivation/prevalence, with a similar pattern noted for asthma [186].  

The reasons for this finding are not clear. A previous study using Scottish linked hospital episode data of 

general adult admissions found a higher prevalence of multimorbidity amongst patients from urban 

areas [185] so it is possible that rural and urban patients have different characteristics. However, the 

effect in my CPRD study was almost unchanged after adjustment for age, multimorbidity score and 

deprivation level, which makes the finding less likely to be due to residual confounding. It has been 

suggested that lower rates of hospital admission in patients living in rural areas could reflect better 

management in the community or may reflect issues with accessing care [57]. Purdy et al. also found a 

reduced rate of admission for COPD and asthma with increasing distance from the nearest ED (relative 

rate of COPD admission 0.987; 95% CI 0.986- 0.989; p < 0.001 after adjustment) [186]. A study of the 

population and practice determinants of ED attendance in London in a general adult population also 
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found reduced ED attendance with increasing distance from the ED [362]. This suggests that reduced 

access may play at least some role in the observed rural-urban difference.  

5.3.2. Representation and needs of the parkinsonism population: PRIME cross-sectional study  

5.3.2.1. Strategies to optimise recruitment  

I recruited a more representative sample of patients with parkinsonism to the PRIME cross-sectional 

study. In particular, the mean age of PRIME participants (76 years) was close to the mean age of patients 

in the CPRD database (75 years) and higher than for UK participants in the PRISM cross-sectional study 

(65 years). The mean age of PRIME participants was also higher than in the observational studies 

summarised in chapter 1: 63 years for COPPADIS [135], 66 years for NILS [129]. Comparison with the 

mean age of the Tracking and Discovery cohorts is less useful since these specifically recruited patients 

with recently diagnosed or young onset PD [130, 131]. 

Although, I did not randomise potential participants to different recruitment strategies, my finding that 

individuals recruited after one or more telephone reminders had a specific phenotype, provided 

empirical evidence to support this recruitment strategy within a parkinsonism population. A Cochrane 

systematic review of strategies to improve recruitment, albeit to trials rather than observational studies, 

concluded that telephone reminders to non-responders following postal invitation improved 

recruitment by 6% (95% CI 3 to 9%) [363], which supports my finding. I sought the input of the PIAG on 

the design and content of the participant information booklets and, whilst it is not possible to assess the 

impact of these changes on recruitment, my experience was that this improved the readability of the 

information. This might have been expected to translate into better recruitment although, interestingly, 

the Cochrane review found that employing user-testing in the development of information leaflets did 

not result in improved recruitment [363].  

The Cochrane review did not focus specifically on recruiting hard-to-reach groups, such as older adults. 

A systematic review of strategies used within RCTs and observational studies to improve recruitment 

and/or retention of adults aged 65 years and over found that hand delivery of questionnaires by 

somebody known to the participant improved survey response [364]. Whilst this approach was not 

feasible in my study, I did ensure that the initial invitation letter came from each patient’s named 

movement disorder consultant, with their permission, rather than from an unfamiliar healthcare or 

research professional. The systematic review also found evidence to support opt-out recruitment, in 

which patients are included unless they actively decline [364]. However, this approach raises important 

ethical considerations.  
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I successfully recruited 38 adults with impaired capacity to consent, following involvement of a personal 

consultee, of whom 32 subsequently had a questionnaire returned by a representative. There is a need 

to gather further evidence around which strategies are effective (and cost effective) in recruiting adults 

lacking capacity to consent [365]. A ‘Study Within a Trial’ (SWAT), designed by Shepherd et al, which is 

randomly allocating proxy decision-makers to receive standard study information or a newly designed 

decision aid in addition to standard information, will add to the evidence base on how best to recruit 

this under-served group to research [365].    

5.3.2.2. Burden of symptoms by age, gender and duration of parkinsonism  

My hypothesis was that I would find worse health needs and increasing disability with increasing age 

and parkinsonism duration and with male gender. I found that males had better quality of life scores and 

fewer depressive symptoms than females, whilst there was no difference in Scopa-AUT and NMSQ 

scores between males and females. A postal survey of Parkinson’s UK members also noted minimal 

gender difference in NMSQ scores, but more males than females reported sexual dysfunction, although 

they did not use any statistical tests to compare scores by gender [366]. Data from the Progressive 

Parkinson’s Markers Initiative (PPMI) showed greater autonomic dysfunction, assessed using the SCOPA-

AUT, in females than males, which is contrary to my results, although this sample only included 

individuals with newly diagnosed idiopathic PD [367]. The frequency of depression has been reported to 

be higher in females than in males [368, 369], which fits with my finding, albeit neither study used the 

BDI-II to quantify symptoms. In contrast, baseline data from a USA drug trial of over 1500 participants 

with PD duration of less than 5 years, reported by Augustine et al, found no difference in BDI-II score 

between men and women [370]. Augustine et al also found that females had a worse quality life, 

measured using the PDQ-39 SI, as did an international observational study of over 4000 patients from 

National Parkinson’s Foundation centres of excellence [371]. In addition to worse overall quality of life in 

females, I also found that they had a worse score on the mobility, emotional wellbeing, stigma, social 

support and bodily discomfort domains of PDQ-39, which aligns with the findings of the National 

Parkinson’s Foundation study [371].  

Amongst PRIME participants, longer duration of parkinsonism was associated with increased burden of 

non-motor and autonomic symptoms and worse quality of life. The Parkinson’s UK postal survey also 

found that NMSQ score increased with duration [366], as did the PRIAMO (PaRkinson And non Motor 

symptOms) multicentre study of over 1000 patients, albeit using a semi-structured interview to assess 

non-motor symptoms, not NMSQ [372]. A cross-sectional study of 302 patients with idiopathic PD in the 
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USA also found lower overall quality of life with increasing disease duration and noted that duration 

predicted some PDQ-39 domains but not others [373]. However, whilst I found that duration had the 

biggest effect on the ADL, mobility and communication domains, these authors found duration to most 

strongly predict ADL, communication and stigma [373], the latter of which was not predicted by 

duration in my study.  

In the PRIME cross-sectional study, age predicted a lower activation level and greater burden of non-

motor symptoms. Although there was no association between age and overall quality of life, age did 

predict some domains of PDQ-39, including worsening mobility and ADLs, but a lower score on problems 

relating to stigma, communication, social support and bodily discomfort. A systematic review of the 

determinants of quality of life in PD reported that, of 16 studies which explored age as a potential 

predictor, only three found it to be associated with quality of life, with increasing age predicting worse 

quality of life [374]. Soh et al note that all three studies used generic, rather than disease-specific, 

measures of quality of life which suggests that age may impact domains assessed in generic measures 

more so than Parkinson’s-specific aspects, and that there may therefore be value in including a generic 

and disease-specific measure of health-related quality of life in some studies [374]. Interestingly, whilst 

not explored in my study which is cross-sectional rather than longitudinal, age of onset of PD may 

interact with age to determine quality of life [375]. Earlier age of PD onset has been associated with 

worse initial quality of life, whilst later onset has been associated with a steeper decline in quality of life 

[375].  

5.3.2.3. Patient activation  

A higher level of patient activation, described as the knowledge, skills and confidence to manage one’s 

own health [376], is known to be associated with positive health-related outcomes [377], and it has 

been shown to increase in response to interventions [376]. However, patient activation has not been 

explored much in people with parkinsonism. At the point the PRIME cross-sectional study was designed, 

only one study, to my knowledge, had measured activation in this group: a Canadian cross-sectional 

study amongst 57 PD patients and 30 caregivers which was undertaken as part of the planning and 

design of the IPCN [267], described in chapter 4.  In this study, the patient participants (with mean age 

66.3, SD 8.3 years, 64.9% male) had a mean PAM score of 58.6 (SD 13.2) and over 50% were in the 

highest two levels of activation [267]. This is higher than in the PRIME cross-sectional study in which the 

mean (SD) PAM score was 53.9 (14.0) and only 35.3% were in the highest two levels of activation. The 
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lower mean age in the Canadian study may at least partly explain the difference in activation levels since 

there was an inverse association between age and PAM score in the PRIME cross-sectional study.  

A subsequent Israeli study measured patient activation amongst 142 community-dwelling people with 

PD (mean age 70.6, SD 7.6 years) within a web-based survey, in order to explore how activation level 

influenced changes in health, function and wellbeing during the COVID-19 pandemic [378]. 96 (67.6%) 

were categorised within the highest two levels [378], which was also a greater proportion than the 

finding from the PRIME cross-sectional study. Web-based studies may select more educated and/or 

affluent subjects, or those with higher information technology literacy, which would bias the results 

towards higher scores. Neither of these studies were conducted in the UK and so there may be cultural 

differences in activation levels. However, the finding within my study that patients recruited after one or 

more prompt calls had a lower mean PAM score, suggests that the higher PAM scores reported in other 

studies may reflect an element of selection bias, since patients who are more activated may be most 

readily recruited to research. I also proactively recruited frail individuals to this study and, interestingly, 

increasing frailty index has been shown to be associated with a lower activation level amongst a Dutch 

sample of frail adults aged over 75 years [379].  

5.3.2.4. Frequency of frailty 

In my study, 28.2% of patients were classified as frail and a further 41.6% as pre-frail. This is higher than 

the proportion of individuals classified as frail (17.5% of women and 12.2% of men) when the SHARE-

FI75+ instrument was used in the SHARE cohort, a general population of older adults sampled from 14 

European countries, who had a slightly higher mean age (81.1 years in women and 80.4 years in men) 

than PRIME participants [195]. It is also higher than the prevalence of frailty found in over 5000 

participants of the English Longitudinal Study of Ageing (ELSA), in which the weighted prevalence was 

14% [380], albeit defined according to the original Fried criteria, rather than the SHARE-FI75+ which is a 

modified version. This fits with the literature which suggests that the prevalence of frailty is higher in PD 

patients than in spousal/sibling controls [381] or a non-PD cohort of older participants comparable, 

albeit not exactly matched, in age and gender [96]. 

A recent systematic review of frailty in PD conducted a meta-analysis of eight studies which used the 

frailty phenotype and found that prevalence ranged from 3 to 64% with a pooled prevalence of 38% 

(95% CI 24 to 55%) [382]. The prevalence obtained in the PRIME cross-sectional study lies within the 

95% CI obtained in the meta-analysis but is towards the lower end. Although the SHARE-FI 75+, used in 

the PRIME cross-sectional study, is a phenotypic measure, it is not identical to Fried’s phenotype model 
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in which pre-frailty is defined as the presence of one or two, and frailty as the presence of three, of the 

following criteria: weight loss, weakness (based on grip strength), self-reported exhaustion, slowness 

(based on walking speed) and low physical activity [383]. The differences between the Fried frailty 

phenotype and SHARE-FI75+, including the latter using self-reported low appetite instead of weight loss 

and measuring weakness and slowness by self-reported functional limitation, may account for the 

relatively low frailty frequency noted within PRIME. Indeed Romero-Ortuno et al comment that SHARE-

FI 75+ may capture people at a later stage on the trajectory from frailty to disability and suggest that it 

may be more suitable to assess, rather than to screen for, frailty [195].  

5.3.2.5. Frequency of sarcopenia 

The five-item SARC-F questionnaire was used as a tool to screen for possible sarcopenia. 97% of 

participants had complete data, of whom 52.7% had a score of four or more, indicative of possible 

sarcopenia. This is in keeping with a cross-sectional study of 104 PD patients recruited from a tertiary 

centre in Austria in which 55.8% (95% CI: 46.2- 64.9%) had a SARC-F score of four or more, compared to 

8.2% (5.7- 11.7%) of non-PD controls [96]. An Italian cross-sectional study of older adults with idiopathic 

PD measured appendicular lean bone-free mass using dual energy x-ray absorptiometry (DXA), gait 

speed and grip strength, finding a prevalence of sarcopenia of between 28.5- 40.7% in men and 17.5- 

32.5% in women, depending which of three sets of diagnostic criteria were applied [102].  

The revised European consensus guidelines state that probable sarcopenia can be diagnosed in the 

context of low muscle strength and that reduced muscle quantity or quality can be used to confirm the 

diagnosis, whilst the addition of low physical performance indicates severe sarcopenia [76]. Since SARC-

F does not include a formal assessment of muscle strength, it cannot be used to confirm a diagnosis of 

sarcopenia. A systematic review and meta-analysis of studies assessing the validity of SARC-F against five 

different definitions found that it had low to moderate sensitivity (28.9-55.3% depending on the 

sarcopenia definition) and moderate to high specificity (68.9- 88.9%) [384]. A cross-sectional study 

evaluating the performance of SARC-F compared to European Working Group on Sarcopenia in Older 

People (EWGSOP) criteria in older adults with PD also found it to have low sensitivity [385]. The high 

specificity means that there should be few people without sarcopenia incorrectly categorised on SARC-F 

as possible sarcopenia (few false positives), but the low sensitivity may mean that some people with 

sarcopenia are not captured by SARC-F (false negatives). Applying this to the cross-sectional study, it 

seems that we can be relatively confident to rule in sarcopenia in the over 50% of participants who had 

a SARC-F score of four or more; however, it is likely that some individuals with a SARC-F score of under 
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four would meet the criteria for sarcopenia if muscle strength, quality and quantity were formally 

assessed.  

The authors of the systematic review and meta-analysis conclude that SARC-F should not be used for 

sarcopenia screening and instead favoured application of the diagnostic criteria [384], contrary to the 

conclusions of the authors of a previous systematic review which had similar findings but suggested that 

SARC-F can usefully select which patients should undergo further testing [386]. Discussing these 

differing conclusions, Cesari et al highlight the utility, particularly in an older population, of being able to 

exclude sarcopenia in those without the condition, since this avoids the burden of further unnecessary 

tests, whilst being simple enough to implement widely, thus raising awareness of the concept of 

sarcopenia and addressing an unmet need [387]. The EWGSOP recommend SARC-F for case finding in 

clinical practice but acknowledge that it will tend to detect more severe sarcopenia [76]. It is advised 

that a SARC-F score meeting the threshold for possible sarcopenia, or symptoms such as falls, weight 

loss, slow walking speed or difficulty rising from a chair should prompt assessment of muscle strength 

using grip strength or chair stand test; in a clinical setting, if muscle strength is reduced, intervention 

should be initiated without needing to progress to measurement of muscle quantity or quality [76]. 

 

5.3.2.6. Overlap of frailty, multimorbidity, disability, sarcopenia and polypharmacy.  

In the PRIME cross-sectional study, 70.8% of participants were classified as multimorbid (defined as the 

presence of two or more conditions on the list compiled by Fortin et al [214], 28.2% as frail and 69.8% as 

frail or pre-frail (according to SHARE-FI75+). 61.8% were classified as disabled, defined as inability to 

perform any one of the ADLs listed within the BADLS or PDQ-39 ADL domain for patients with and 

without a representative respectively.  

I explored the interrelationship between these three concepts. Of 465 participants with data for 

disability, frailty and multimorbidity, 398 were disabled and/or frail and/or multimorbid. Of these 398 

patients, 25% had all three conditions, 31% multimorbidity with disability and 25% multimorbidity 

without frailty or disability. It was uncommon to have frailty alone or multimorbidity and frailty without 

disability.  In the Cardiovascular Health Study (CHS), an observational study of adults aged 65 years and 

over in the USA, the majority of individuals (77%) who had at least one of these conditions had 

multimorbidity alone and only 3% had all three conditions [383]. Whilst it is not surprising that PRIME 

participants were more likely to have frailty and disability alongside multimorbidity, given they were 

selected because they had parkinsonism, the results from both studies support the notion that frailty, 
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multimorbidity and disability are distinct but overlapping concepts, and that they are causally related 

[388]. Fried et al have suggested that comorbidity may contribute to the development of frailty [388] 

and the finding in PRIME that 108 out of 132 who were frail (82%) had multimorbidity would support 

this. Of 287 PRIME participants classified as disabled, 243 (85%) were also frail and/or multimorbid, 

which fits with the theory that development of disability may be triggered by frailty and/or 

multimorbidity. Fried et al also hypothesised that disability and frailty may worsen comorbidity, for 

example by negatively impacting activity levels [388].  

Of 298 PRIME participants (63% of the total) who met the criteria for polypharmacy, defined as 

prescription of five or more medications, 249 (84%) had co-existing multimorbidity. Multimorbidity is 

known to be a driver of polypharmacy and cardiovascular disease, including atrial fibrillation, ischaemic 

heart disease and heart failure, has been noted to be associated with the greatest number of 

medications [389]. Polypharmacy is important because it is known to be a risk factor for hospital 

admission and mortality, at least in part due to the increased risk of adverse events and drug 

interactions [390]. Taking multiple medications has also been identified as a factor contributing to 

treatment burden in patients with parkinsonism [391], which provides a further rationale to address 

polypharmacy where possible. However, it should be acknowledged that not all polypharmacy is 

inappropriate  [390]. Interestingly, an electronic health record study including patients aged 20 years 

and over registered at 40 GP practices in Scotland, found that number of comorbidities and number of 

medications were both associated with unplanned admission, but there was also evidence of a negative 

interaction [392]. In patients with a greater number of conditions, increasing number of medications 

had less of an impact on unplanned admission, suggesting that medication count is not just a proxy for 

severity of comorbidities [392]. Additionally, amongst those with 6 or more conditions, odds of 

admission was higher in patients on no medications compared to those on one to three medications, 

leading the authors to caution against under-, as well as over-, prescribing [392]. 

I also explored the overlap between frailty and sarcopenia amongst PRIME participants. There was 

considerable overlap between frailty and sarcopenia and only 6 out of 464 participants (1.3%) with data 

for both measures were classified as frail without probable sarcopenia. This is not surprising since the 

SHARE-FI 75+ criteria includes self-reported weakness, and low muscle strength is key to the definition 

of sarcopenia, whilst slow walking speed, captured in SHARE-FI 75+, suggests low physical performance, 

which is a marker of severe sarcopenia [76, 195]. Weight loss, also captured within both Fried’s frailty 

phenotype and SHARE-FI 75+, may be a sign of sarcopenia [76]. It is acknowledged that sarcopenia, a 
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disease of muscle failure [393], contributes to the development of physical impairment which is one 

aspect of the multidimensional geriatric syndrome known as frailty [76]. I found that 26% of participants 

were classified as having sarcopenia without frailty, yet when frailty and pre-frailty were combined, only 

12 out of 464 patients (3%) were classified as having sarcopenia alone. This supports the theory that 

sarcopenia, by contributing to physical decline, contributes to the trajectory from pre-frailty to frailty.  

5.4. Strengths and limitations of research  

5.4.1. Emergency care and hospitalisation for people with parkinsonism (CPRD primary care 

database study) 

5.4.1.1. Representative cohort  

A strength of this study is that, because CPRD is a routinely collected dataset, the analysis was 

conducted in a large sample which should be representative of the population of people with 

parkinsonism in the UK; amongst this mostly older population, almost everyone will be registered with a 

GP, unless they are homeless or an undocumented migrant. I included patients with all forms of 

parkinsonism, except for drug-induced parkinsonism, with the aim of making the findings relevant to 

day-to-day clinical practice of healthcare professionals caring for individuals with parkinsonian disorders.  

As discussed in chapter 1, studies of people with parkinsonism often exclude patients based on age, 

comorbidities, cognitive impairment, or inability to consent. Even if the eligibility criteria do not 

explicitly exclude certain patients, there may be implicit barriers to participation [141], and some patient 

groups, such as those with multimorbidity, may be less likely to be retained in a trial [143]. Since CPRD 

consists of routine primary care data, it has the advantage that it includes patients across the spectrum 

of age, frailty, disease duration, including typically under-served groups such as care home residents, 

ethnic minority groups and adults with impaired capacity to consent to research. This minimises 

selection bias and makes the findings of my CPRD study highly generalisable to clinical practice. It also 

provided me with a representative sample of people with parkinsonism with which to compare the 

demographics of patients recruited to the cross-sectional study. Unlike the study by Okunoye et al using 

routine primary care data [47], I included both prevalent and incident cases which means that my 

analysis was not restricted to people with shorter duration of disease and therefore reflects the full 

spectrum of disease impact.   
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5.4.1.2. Diagnostic misclassification  

Data extraction of patients with and without parkinsonism relied on identifying the presence or absence 

of diagnostic Read codes in the primary care files, as opposed to clinical confirmation of the diagnosis 

with reference to, for example, the UK Parkinson’s Disease Society Brain Bank [394] or International 

Parkinson and Movement Disorder Society clinical diagnostic criteria [395]. There is therefore a 

possibility that a small proportion of patients within CPRD may have been misclassified as having 

parkinsonism when they actually have an alternative diagnosis such as essential tremor. Use of 

diagnostic codes may also misclassify individuals with an atypical parkinsonian syndrome as having 

idiopathic PD. This is not an issue since I did not conduct any subgroup analyses based on type of 

parkinsonism and, in any case, this reflects clinical practice in which there can be uncertainty 

surrounding the exact diagnosis, particularly in the early stages [4]. In objective 2 of this study, 

describing the reasons for emergency hospital admission in people with and without parkinsonism, 18 

people without parkinsonism had an admission coded as being for PD/PD dementia. Since these 

individuals were extracted based on not having any primary care codes for parkinsonism, this finding 

suggests an error in either the primary care (CPRD) or hospital (HES) records. However, 18 is a small 

proportion (0.04%) of the total 44,665 emergency admissions for individuals without parkinsonism.  

A strength of this study is that we had linkage to HES data from which to derive counts of emergency 

admissions and ED attendances, as well as primary diagnoses. In contrast, Okunoye et al relied solely on 

the primary care record, based on recording of information from secondary care, which may have 

under-estimated admissions/ED attendances and may not have accurately captured the primary reason 

for admission in all cases [47].  

5.4.1.3. Rural-urban status  

To minimise the risk of reidentification, CPRD limited access to one LSOA linkage at the patient level, 

which meant that rural-urban status could only be accessed at the level of the GP practice postcode. For 

practices with multiple locations, the practice postcode is generally based on the main practice’s 

location rather than that of branch practices, which may be located more rurally [180].  Patients may 

also choose to register at a GP practice near, for example, their place of work [180]. For these reasons, 

the practice postcode, and hence rural/urban allocation, may not reflect how a patient would be 

classified based on their own postcode. Additionally, it is important to note that, whilst rurality is 

considered a proxy for inaccessibility and is feasible to access for data linkage studies, it may be an over-

simplification, and even straight-line distance (e.g. to GP or hospital) may not fully reflect accessibility 
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[396]. A study in the South West of England found that over half of census wards, classified as ‘remote’ 

based on a distance of greater than 25km to a district general hospital, were not classified as rural by 

the ONS, suggesting that drive-time may be a more accurate measure [396]. The potential 

misclassification of some rural patients as urban could bias the results, leading to an under-estimation of 

the true association. 

5.4.1.4. Severity of parkinsonism  

Parkinson’s-specific disease severity, such as H&Y staging [18] or MDS-UPDRS [163], is not available 

within CPRD since this is not routinely measured in primary care. Whilst there is a lack of consensus 

around how to define advanced PD, as discussed in chapter 1, it is acknowledged that longer disease 

duration may be an indicator [104], whilst prescription of multiple classes of PD medication likely 

indicates addition of adjuncts to manage dyskinesia and/or motor fluctuation which tend to emerge as 

the disease progresses [167].  

I therefore used the number of PD medication classes and the duration of parkinsonism as proxies of 

disease severity, which both have the advantage that they would be readily available to GPs. Number of 

PD medication classes has some limitations since patients with an atypical parkinsonian syndrome are 

less likely to be on PD-specific treatment given these conditions tend to be poorly levodopa-responsive 

[5]. In addition, motor fluctuation, which may be a feature of more advanced PD, may prompt 

consideration of device-assisted therapies such as deep brain stimulation [105], which may facilitate 

reduction of pharmacological therapy for PD with the aim of improving dyskinesia. Non-motor 

complications such as hallucinations and orthostatic hypotension, may necessitate the tapering or 

withdrawal of PD medication which can worsen these symptoms, potentially whilst accepting a degree 

of worsening of motor symptoms [397]. Thus, the number of medication classes will not reflect severity 

of parkinsonism in all cases. Calculation of LEDD from prescription data may have been a better proxy of 

disease severity. In a study using Medicare claims-based data to calculate LEDD, a total daily dose of 

more than 1000 mg was predictive of several claims-based clinical markers of advanced PD, although 

the authors acknowledge that older or more clinically complex patients unable to tolerate higher doses 

may be incorrectly classified as having PD which was not advanced [398].  

There are challenges to estimating duration of parkinsonism from information recorded in CPRD. I found 

that 1,041 out of the 9,189 patients (11%) included in the analysis had been on parkinsonism medication 

for greater than 90 days before the date of their first primary care diagnostic code for parkinsonism. 

Although in some patients, the prescription of dopamine agonists could potentially have been for 
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treatment of restless legs syndrome, prior to the diagnosis of parkinsonism, this finding suggested that 

the date of first diagnostic code for parkinsonism may not always represent a reliable index date from 

which to calculate disease duration. Even when duration of parkinsonism was calculated based on the 

date of first parkinsonism prescription, where this occurred more than 90 days before the first 

diagnostic code, the median disease duration for patients under CPRD follow-up at the midpoint of 2019 

was 3.5 years, which was lower than the median disease duration for participants in the cross-sectional 

study (5 years). This could suggest that the disease duration variable I derived from the primary care 

parkinsonism medication and diagnostic codes within CPRD may have been under-estimated. 

Interestingly, a study using General Practice Research Database data (the precursor to CPRD GOLD 

[157]) to examine incidence rates found that incidence rates of several chronic diseases are over-

estimated in the first 12 months after a patient is registered at an UTS practice [399]. The authors found 

evidence that this was in part due to symptom onset prompting patients to register with a GP which 

then led to a new diagnosis, but acknowledged that GPs may incorrectly enter existing diagnoses with 

the date of initial review after registration, rather than the date of the original diagnosis [399]. Equally, 

the difference could have resulted from PRIME participants stating when their GP first mentioned the 

possibility of parkinsonism, whilst coding in CPRD may reflect when the diagnosis was subsequently 

confirmed by a movement disorder specialist. Additionally, patients in CPRD were slightly older than 

PRIME participants which would bring down the median disease duration due to shorter life expectancy.  

5.4.1.5. Risk of confounding  

Since this study used observational data, there is a risk that the observed associations may have been 

non-causal due to confounding. This is less of a problem if the aim is simply to describe characteristics 

which predict hospital admission; a variable may be a useful predictor even if some or all of its effect on 

admission is not causal but actually due to another confounding variable which is associated both with 

that exposure and with admission. However, in addition to identifying variables which predict 

admission, this study was also aiming to contribute towards the understanding of potentially modifiable 

drivers of admission, as well as to explore whether some admissions themselves may be avoidable. The 

use of a DAG aimed to tackle the risk of confounding by making the assumptions about the likely 

relationships between variables, and the direction of these associations, explicit. Since variables could 

be on the causal pathway when looking at one variable as the exposure but act as a confounder when 

exploring the effect of another exposure variable, the DAG enabled me to have a theoretical rationale 

for which variables to adjust for in each multivariable model.  
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5.4.2. PRIME cross-sectional study  

5.4.2.1. Large and representative study sample  

A strength of this study is that it was designed with the aim of being as inclusive as possible, both in 

terms of the eligibility criteria and by specifically targeting and supporting under-represented groups to 

take part. I used several approaches to try to identify and invite as many patients as possible who met 

the eligibility criteria and used telephone prompts to boost the response rate. As well as enabling me to 

recruit a large sample, these efforts do also appear to have led to recruitment of a population which 

better reflects the ‘real world’ situation, albeit acknowledging that, with respect to ethnicity, the limited 

diversity of the study region is not representative of the UK as a whole. The mean age of PRIME cross-

sectional participants was 75.9 (SD 8.5) years which is higher than the mean age in many other 

observational studies including the Non-motor International Longitudinal Study (mean age 65.9, SD 5.6 

years) [129], Parkinson’s Real-world Impact Assessment Study (mean age of UK participants 65.4, SD 8.9 

years) [245] and the PRIAMO multicentre study (mean age 67.4, SD 9.4 years) [372]. The distribution of 

participants by age group more closely reflected the age structure of patients with parkinsonism within 

the CPRD database, which is very representative of the UK parkinsonism population. The PRIME cross-

sectional study population also included some patients with a diagnosis other than idiopathic 

parkinsonism. Whilst the comparison with CPRD diagnoses suggests that PRIME may have slightly under-

represented those with PD dementia and atypical parkinsonian syndromes, this study relied on self-

reported diagnosis which may not accurately reflect the working diagnosis in all cases. Future work 

could explore the agreement between self-reported and clinically documented diagnosis.  

I successfully recruited 23 patients (4.8%) who were resident in either a residential or nursing home. 

Care home residents may still have been under-represented in this study, since a UK survey has 

previously reported that 4% of over 65-year-olds and 15% of those aged 85 years and over live in care 

homes [400] and a study of 135 people with idiopathic PD in North East England found that 19 (14.1%) 

were living in a care home [35]. There were challenges to reaching and identifying consultees for adults 

with impaired capacity to consent to the study. It is therefore encouraging to note the recent 

development of the NIHR INCLUDE Impaired Capacity to Consent Framework [401] which offer practical 

recommendations to improve this process, along with the ongoing ‘CONSULT’ programme of work, 

being conducted by Shepherd et al which is exploring a decision support intervention for consultees 

[402]. There is increasing effort to encourage individuals to consider their wishes for taking part in 
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research, particularly those with a diagnosis which is likely to affect decision-making capability, in case 

their capacity to make these decisions were to become impaired in the future [403]. The CONSULT-

ADVANCE workstream is exploring the views of patients, researchers and healthcare professionals 

around advance research planning [404].  

Whilst there is likely still an element of non-response bias, both from patients who did not consent to 

the study and from discontinuation of some who were recruited, this more representative sample helps 

to make the study findings more generalisable to the UK population of individuals with parkinsonism 

and indeed to most high-income countries. The flowcharts reporting the numbers screened, invited, 

eligible, recruited and, of these, how many completed questionnaires were returned (chapter 3), 

provide crucial information to allow readers to assess the generalisability of the findings. This is in 

contrast to many studies in which it is often not clear from what population the eventual study sample 

were drawn.  

5.4.2.2. Selection of questionnaire measures 

In general, it was challenging to select suitable measures which were feasible, and validated, for report 

by a representative. My experience fits with the observation by Shepherd that lack of appropriate 

outcome measures is a barrier to inclusion of adults with impaired capacity to consent [146]. In some 

cases, such as assessment of frailty, sarcopenia and comorbidities, this led to a pragmatic decision to 

also use traditionally patient-reported questionnaires within the representative-completed booklet. 

Although neuropsychiatric symptoms in general were captured using the NPI-Q, designed for 

completion by an informant, the BDI-II was only completed by patients who had capacity to consent, 

meaning the proportions with mild/moderate/severe depressive symptoms excludes those requiring a 

representative, which could have under-estimated burden of these symptoms.  

In this study, multimorbidity was operationalised as presence of two or more of the 20 conditions on the 

self-reported research tool developed by Fortin et al [214]. This tool was a pragmatic choice since many 

other measures of comorbidity require interview administration or reference to health records, which 

was not feasible in this cross-sectional study. Two or more conditions is a commonly used cut-point for 

multimorbidity. The list developed by Fortin et al aimed to balance participant burden from too long a 

list against risk of under-estimating the prevalence of multimorbidity from too short a list and presented 

conditions in an understandable way for patients [214]. Compared to the longer list of conditions 

forming the CMS [175], which was used in the CPRD study, the Fortin et al list does not include 

neurological conditions such as parkinsonism, epilepsy, multiple sclerosis or migraine, as well as hearing 
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loss, blindness/low vision, psychosis/bipolar disorder. It also combines some conditions which are 

scored separately in the CMS (e.g. coronary heart disease and peripheral vascular disease) which, 

together with patients potentially not being aware of having diagnoses such as chronic kidney disease 

and hyperlidaemia, could lead to underestimation of comorbidity counts compared to a count derived 

from electronic health record data and using a more extensive list. However, health administrative data 

has been shown to underestimate comorbidity count compared to self-reported approaches [405]. In a 

validation study amongst adults recruited from Canadian primary care clinics, the list developed by 

Fortin et al was shown to have good test-retest and inter-rater reliability and appeared valid when 

compared to a score completed using information from the medical record [406]. Another potential 

limitation of using a simple count of comorbidities is that this does not account for the severity of each 

condition, unlike a tool such as the CIRS [407]. Thus, using Fortin et al’s self-reported tool, somebody 

diagnosed with asthma and requiring occasional inhaler salbutamol would score one point, as would 

someone with end-stage COPD requiring long-term oxygen therapy, even though the latter would have 

a much greater impact on risk of hospital admission and mortality.  

Polypharmacy was operationalised as a count of medications dichotomised into fewer than, or greater 

than/equal to, five or more medications, which is a commonly defined cut-off [408]. However, it is 

perhaps overly simplistic to consider a single cut-off and there would be merit in categorising 

medication count into more groups, particularly if exploring predictors or outcomes of polypharmacy. 

The approach I used did not account for whether prescribed medications were actually being taken and 

also does not consider whether prescriptions are appropriate. The concept of inappropriate prescribing 

incorporates both potentially inappropriate medications as well as potential prescribing omissions [409], 

recognising that reducing the number of medications is not always the goal, where addition of a 

medication could confer benefit or improve quality of life.  

Disability was dichotomised on the basis of impairment in one or more ADLs. This mirrored the approach 

used by Fried et al who described the overlap in disability, frailty and comorbidity in a community-

dwelling sample of adults aged 65 years and over in the Cardiovascular Health Study [388].  Disability 

was defined by the authors as “a physical or mental impairment that substantially limits one or more of 

the major life activities” and it was operationalised as difficulty in one or more ADLs [388]. This 

dichotomisation is possibly an over-simplification since the functional status of individuals with 

parkinsonism may vary from completely unimpaired through to significant loss of independence and, 

amongst individuals with the same self-reported level of disability, wide variation has been shown in 
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both PD severity and quality of life [410]. Although there is literature on the cut-points for levels of 

disability measured using, for example, the MDS-UPDRS-II motor experience of daily living [411], I am 

not aware of similar validated cut-points for the Bristol Activities of Daily Living Scale or PDQ-39 ADL 

domain. There are also limitations to using a self-reported or proxy-reported measure of disability as 

disagreement has been noted between subjective versus objective measurement of disability; patients 

with early PD tended to under-rate their disability compared to objective assessment, whilst those with 

advanced PD were more likely to over-rate their disability [410]. Further work could explore the overlap 

between frailty, multimorbidity and different levels of disability within the PRIME cross-sectional study, 

in the way that the overlap with both frailty and frailty/pre-frailty was described.  

 

5.4.3. PRIME model of care and goal-orientated outcome measures  

5.4.3.1. Use of logic modelling to design the model of care  

Use of a logic modelling approach to the design of the PRIME model of care was a strength of this 

research and was important for several reasons. The MRC, in their framework for the design of complex 

interventions which was recently updated, suggest that it is best practice to use programme theory, 

which can include visual representation using logic models, from the outset of a research project [302].  

Using logic modelling allowed us to draw on the existing theory and evidence to inform the PRIME 

model of care, encouraged us to consider how the components would be expected to have their effect, 

how they may interact, how to measure the processes and the impact of contextual factors.  It also 

allowed us to reach consensus on a shared conceptual model for the overall PRIME project but left 

scope to tailor the intervention to the country (UK versus the Netherlands) and, in some cases, to select 

different outcome measures.   

An evidence and theory-based approach, including use of programme theory as described by the MRC, 

was identified in a systematic review by O’Cathain et al as one way to develop an intervention [412]. It 

has been suggested that interventions which are underpinned by theory may be more likely to be 

effective, although the evidence does not appear to support this [413]. Whilst Skivington et al suggest 

that a logic model is one way of visually representing the programme theory, they acknowledge that the 

logic model itself is unlikely to be able to fully articulate the theory and thus it must be supported by 

further written details [302], underlining the importance of ensuring that sufficient detail on the 

intervention is published at a subsequent point. Another consideration of the use of a logic model to 

map the intervention is that it is recognised to be a time-consuming process [412]. 
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We also used elements of the approach described as target population centred, which the authors 

suggest often complements a theory-based approach [412]. The authors define this approach as one in 

which interventions are “based on the views and actions of the people who will use the intervention” 

[412]. Design of the PRIME model of care was informed by review of quantitative and qualitative 

research literature in order to understand the needs and perspectives of patients with parkinsonism and 

informal caregivers.  The subsequent findings of the PRIME cross-sectional study have given us an in-

depth understanding of the characteristics and needs of a representative sample of patients with 

parkinsonism within the region in which the PRIME model of care is first being trialled. An advantage of 

this approach is that it can help to make the intervention relevant to the people whom it is targeting.  

One potential limitation is that we could have used more of a partnership approach, in which people 

with parkinsonism and their caregivers would co-produce and co-design the intervention. This is more in 

line with the approach taken in the development of the IPCN [267]. This approach aims for an equal 

relationship between researchers/healthcare professionals and patients/caregivers and may lead to 

greater user satisfaction and engagement with the resulting intervention [412]. Whilst we did not adopt 

a co-design approach to the initial development of the PRIME model, the resulting logic model has still 

allowed scope to involve public contributors in shaping components. For example, our PIAG, which I 

established for the PRIME cross-sectional study, has subsequently been involved in the development of 

the personalised care plan.  

Regardless of the approach taken in the development of a healthcare intervention, it is important that 

the process is clearly reported, since this can improve understanding of which approaches work best in 

different situations, yet it is recognised that these processes are generally under-reported [414]. It is 

therefore a strength that the PRIME model development process was published as a stand-alone paper, 

rather than only including a small section in the trial protocol or results paper. Since the publication of 

the paper describing the use of logic modelling in development of the PRIME intervention, the GUIDance 

for the rEporting of intervention Development (GUIDED) checklist has been published, which aims to 

improve transparency when reporting intervention development [414].  

5.4.3.2. Strengths and limitations of goal-orientated outcome measures  

A strength of using a goal-orientated outcome is that it fits with the increasing move towards a more 

patient-centred approach in which researchers aim to measure outcomes which are meaningful to 

patients. It also aligns with the philosophy of the PRIME model of care itself which seeks to individualise 
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care and take a holistic approach to disease management which is not overly focused on a single disease 

or symptom domain.  

However, there are some potential pitfalls and challenges to using such an outcome measure, in general 

and specifically in people with parkinsonism. Goal attainment approaches, including the BGSI, require a 

semi-structured interview to determine what areas are important to the patient and, within these areas, 

to set feasible goals which conform to ‘SMART’ principles. This process can be time-consuming and 

requires researchers conducting goal-setting interviews to be experienced in facilitating this process, 

which has feasibility and financial implications for larger trials. In order to assist patients to set goals 

which are achievable and realistic for them, it is necessary for the researcher conducting the goal-setting 

interview to have some clinical knowledge of parkinsonism and, given the heterogeneity of the disease, 

to appreciate where on the spectrum of disease a particular patient lies. The neurodegenerative nature 

of parkinsonism has further implications for the extent to which patients can progress towards their 

goals, within the context of expected disease progression, particularly over the two-year duration of the 

PRIME RCT. Although goal-orientated outcomes, including BGSI, have been used within 

neurodegenerative disease [355], these trials have been of shorter duration. For this reason, I have 

allowed scope within the PRIME RCT goal-setting SOP (appendix J) for goals which are focused on 

maintenance of function, rather than stipulating that all goals must aim for improvement.  Another 

potential challenge is that individuals are likely to vary in how goal-driven they are. This may be due to 

premorbid personality as well as due to aspects of parkinsonism, such as depression or apathy, which 

may influence motivation to set and attain goals.  

As described in chapter 4, goal-setting and goal attainment approaches are used in clinical practice, both 

as a way to capture a patient’s priorities for their management, to enable treatment to be 

individualised, and as an intervention to motivate and support the rehabilitation process. Whilst 

participants in the PRIME RCT who are randomised to receive usual care will not receive the additional 

support of the PRIME model of care to help them to achieve their goals, it is possible that the process of 

setting goals and reviewing attainment on a three-monthly basis may itself be motivational. Even 

without the specific PRIME support, including the personalised care plan, single point of access, tailored 

information, setting goals may prompt changes in behaviour amongst participants receiving usual care, 

which could contribute to improvement on a range of outcomes. This could dilute any benefits of the 

PRIME model of care.   
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5.5. Implications for Parkinson’s care and policy  

5.5.1. CPRD primary care database study  

5.5.1.1. Secular trends  

The rising rate of emergency hospital admission and ED attendance amongst people with parkinsonism, 

which has also been observed in the general population, contributes to pressures on secondary care. 

The impact of the rising rate of hospital admission is likely greater than the numbers suggest because, 

whilst not specifically explored in this study, the overall complexity of patients is also known to be 

increasing [190]. This trend clearly has financial implications and high bed occupancy rates can trigger 

the need to cancel elective admissions [190]. For patients with parkinsonism, especially those who are 

older and living with frailty, an inpatient stay carries considerable risk due to deconditioning, omission of 

dopaminergic medication and delirium which, may contribute to a vicious cycle leading to worsening 

disability.  

One clinical implication of the secular trend in hospital admissions is the need to consider how to 

optimally manage parkinsonism patients as inpatients, including those who are frail and/or clinically 

complex, and what resources are needed to do this. A UK survey of clinicians’ views on service provision 

for PD inpatients found that the standard of care was not highly rated and highlighted variations across 

the UK [415]. The improvements ranked as most likely to be effective were availability of a PDNS to 

review inpatients, flagging PD patients on hospital clinical systems and a Parkinson’s liaison/outreach 

team [415]. The Parkinson’s UK ‘Get It on Time’ campaign, which aims to ensure that patients with PD in 

hospital or a care home get their time-critical medication on time [416], has inspired quality 

improvement projects to address this issue [417]. A feasibility study evaluating a specialist PD unit found 

that patients had fewer PD medication errors, reduced LOS and better experience of care compared to 

patients managed on a general ward [418]. 

There is also a need to consider how to reduce the number of hospital admissions and various 

approaches have been explored in general, including primary care interventions aiming to avoid 

admissions for ACSCs; improving the availability of social care; integrated care; changes to emergency 

care pathways; reducing readmissions; and supporting individuals to manage their own health [190]. 

Whilst the primary outcome for the evaluation of the PRIME model of care is goal attainment, assessed 

using an adapted version of the BGSI, an important secondary outcome is the frequency of emergency 

hospital admission. The PRIME model, developed using the logic modelling process described in chapter 

4, has incorporated several of these elements with the aim of reducing hospital admissions. The PRIME 
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model aims to integrate care, recognising that care for people with parkinsonism is often reactive, 

lacking in continuity, not patient-centred and fragmented, particularly for individuals with multiple long-

term conditions or needs spanning multiple services. A key component of the PRIME model is 

‘personalised care management’ in which multidisciplinary care, which is tailored to an individual’s 

priorities, is coordinated by a care manager with support of technology and team meetings to facilitate 

communication and ensure goals of care are aligned.  

Emergency care pathways have been addressed within the PRIME model by development of a single 

point of access to enable patients and caregivers to access help and advice within office hours, with 

capacity for rapid clinic review where necessary. By responding to early signs of deterioration and 

initiating prompt intervention, it is anticipated that it will be possible to avoid some admissions and the 

literature supports this. A systematic review of studies which evaluated interventions aiming to reduce 

hospitalisation in patients with parkinsonism found nine retrospective studies which assessed ED 

attendance or hospital admission after an intervention, but no RCTs with hospital admission as the 

primary endpoint [419]. There was an association between open access clinics, frequent neurologist 

review and medication adherence and a reduction in hospital admission. 

Many of the 19 conditions typically listed as ACSCs, including vaccine-preventable (such as influenza and 

pneumonia), chronic and acute conditions [59] are relevant to people with parkinsonism who are often 

living with multiple other comorbidities alongside parkinsonism. As described in chapter 4, the 

personalised care plan will address the optimal management of comorbidities besides parkinsonism. 

Other causes of admission in patients with parkinsonism specifically may sometimes be preventable 

with optimal management, such as early therapy access to reduce falls, SALT review for those with 

dysphagia and proactive management of fracture risk [42]. Finally, the ‘Education and Empowerment of 

patients and carers’ component of PRIME includes strategies to support self-management capability, 

also a key feature of Wagner et al’s Chronic Care Model [281].  

 

5.5.1.2 Risk factors for admission  

A better understanding of the reasons people with parkinsonism are admitted to hospital helps to direct 

efforts towards those which may be avoidable, at least in some patients, with optimum parkinsonism 

care. For example, the higher risk of hip fracture in parkinsonism patients, compared to age and sex-
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matched controls, strengthens the need to assess and manage fracture risk in people with parkinsonism, 

as well as addressing risk factors for falls.  

The observed reduced odds of admission and ED attendance in patients registered at a GP practice in a 

rural compared to urban area, after adjusting for age and deprivation, may reflect a higher threshold 

amongst both patients and GPs in rural areas to seek assessment in secondary care, in part due to 

inaccessibility of health services. It is not clear, however, what threshold is optimum and whether, for 

example, the threshold in urban areas is too low or the threshold in rural areas too high. The rural-urban 

differences may also reflect differing access to services or social support which enable admission to be 

avoided in one area and not in another. Learning from these regional differences has the potential to 

inform the commissioning of services.  

Having the model-predicted 12-month risk of admission will provide an empirical basis with which to 

target interventions aimed at reducing risk of admission or, when unavoidable, reducing length of stay, 

to individuals within a population at the highest risk of admission or ED attendance. Since the risk 

prediction model I have presented used primary care diagnostic, prescription and test codes, meaning it 

would be possible to automate calculation of the risk score from the electronic record, it could easily be 

scaled in primary care. I have also produced a table of predicted risk stratified by gender, parkinsonism 

duration and age group, which would facilitate use in secondary care where the primary care codes 

needed to calculate Cambridge Multimorbidity Index are currently not readily available. For risk 

stratification to have maximum utility it does, of course, rely on there being interventions which can 

successfully reduce risk of admission and/or improve outcomes in those admitted.   

It would also enable clinicians to discuss these risks with patients with parkinsonism and their caregivers 

which could facilitate advance care planning conversations, including decisions around whether to admit 

to hospital and for which conditions, in those at high risk of admission. This links to ‘what matters most’, 

one of the M’s of age-friendly healthcare [315], and helps us to align care to a patient’s goals and 

priorities.  

An important consideration for the utilisation of this risk prediction model is the extent to which it is 

generalisable to people with all forms of parkinsonism.  Although patients with atypical parkinsonism 

were included in the analysis alongside patients with idiopathic parkinsonism, it should be noted that 

the atypical parkinsonian syndromes are generally associated with faster disease progression, greater 

functional decline and a higher burden of symptoms [5]. For example, early falls and orthostatic 
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hypotension, commonly seen in PSP and MSA respectively [420], both have the potential to precipitate 

hospital admission and ED attendance. Since over 80% of patients included in the analysis were coded as 

having PD, rather than an atypical parkinsonism, the model may under-estimate risk of unplanned 

hospital use when applied to people with an atypical parkinsonism, whilst the inclusion of atypical 

parkinsonism may lead to over-estimation of risk in those with IPD. Future iterations of the model could 

include a variable to flag IPD versus atypical syndromes. However, atypical parkinsonian syndromes are 

believed to be under-diagnosed, and may be classified as IPD initially [421], meaning a binary 

categorisation of individuals with IPD versus an atypical syndrome may be unreliable in clinical practice.  

A flag for a diagnosis of cognitive impairment or dementia could also be added to the model. Whilst 

studies using CPRD to flag a diagnosis of dementia have cited a positive predictive value of around 80- 

90%, dementia is believed to be under-captured in electronic records due to under-diagnosis [422]. 

Patients coded as having a diagnosis of dementia will therefore likely represent those with more marked 

cognitive impairment. In addition, the inclusion of a flag for dementia or cognitive impairment in the 

model will have different validity over time and across different populations, as it is likely to be 

influenced by clinicians’ diagnostic practices, whereas age, gender and duration of parkinsonism are 

more stable predictors and easy to operationalise.   

 

5.5.2. PRIME cross-sectional study  

5.5.2.1. Frailty, multimorbidity and clinical complexity  

The finding that a large proportion of PRIME participants were pre-frail/frail and/or multimorbid has 

implications for clinical care since these individuals can be more challenging to care for and tend to have 

high use of healthcare [77]. It also has implications for how we structure health services for people with 

parkinsonism so that they are appropriate for those with multiple long-term conditions, rather than 

being overly focused on single diseases.  

There are also implications for how we screen for and manage conditions such as frailty and sarcopenia 

in people with parkinsonism in clinical practice. Frailty is considered to be a dynamic state in which 

individuals can transition to an improved, as well as more advanced, frailty state [64, 75]. It may also be 

possible to prevent, delay or reverse sarcopenia [76]. Therefore, detection of sarcopenia, pre-frailty or 

frailty may offer opportunities to intervene to stop or slow the progression towards disability and 

dependency [388]. Likewise, Kingston et al suggest that it might be possible to intervene to prevent 
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progression from multimorbidity to complex multimorbidity, the latter defined as four or more chronic 

conditions [360], although the authors do not elaborate on how this might be achieved.  

Similarly, the considerable overlap of multimorbidity with polypharmacy and the finding that 13% of 

participants had an anticholinergic burden score of three or more, highlight that medication review 

needs to be embedded within the PRIME intervention personalised care planning process. This should 

aim to reduce inappropriate prescriptions, address any factors impacting adherence, simplify regimes 

where possible and, importantly, do this in the context of a patient’s goals and priorities for their care.  

5.5.2.2. Patient activation  

The finding that almost two thirds of cross-sectional study participants were categorised as being in the 

lowest two levels of activation is relevant for clinical practice for two main reasons. Firstly, the literature 

suggests that activation level is linked to healthcare utilisation. In a UK study of 15,877 adults (18 years 

and over) in North West London using electronic health record data, higher activation level was 

associated with a lower number of GP contacts, ED attendances and emergency admissions, after 

adjusting for age, gender, deprivation, ethnicity and comorbidity count [423]. The authors suggest that 

this effect could be mediated by activation translating into healthier lifestyles, could reflect a reduced 

risk of deterioration in long term conditions due to increased self-management capability, or a reduction 

in inefficient or avoidable healthcare use [423]. Therefore, identification of patients who may be at 

increased risk of ED attendance and unplanned hospital admission due to low activation levels could 

allow for interventions, such as care management aiming to reduce risk of avoidable hospital admission, 

to be appropriately targeted. It might also be possible to improve outcomes by intervening to improve 

self-management capability.  

The second implication for clinical practice and policy is that knowledge of a patient’s activation level 

can help to tailor an intervention accordingly, just as healthcare professionals need to adapt the delivery 

of information based on health literacy.  Individuals with lower activation levels are generally considered 

to take a more passive approach to managing their health, to feel overwhelmed by this task, and to lack 

confidence in their ability to make a positive difference to their health, which can make them less likely 

to engage with interventions [376]. An example of this is seen in a large USA study of over 16,000 

patients who were given access to their medical records via a patient portal, in whom only the most 

activated actually used the resource [424]. This highlights that an intervention which aims to empower 

patients and help them to take a more proactive role in managing their health may not actually reach or 

be used by the patients most at risk of poor outcomes and most in need of support. An intervention, 



227 
 

such as the PRIME model of care, needs to be carefully individualised to avoid a situation in which the 

additional support offered is only accessed by those most able to do so, which could lead to so-called 

“intervention-generated inequalities” [307].  

 

5.5.3. Evaluating the PRIME model of care  

The PRIME model of care outlined in this thesis aligns with national health priorities and strategies. The 

NHS Five Year Forward View, published in 2014, acknowledged that care of people with long term 

conditions now accounts for a large proportion of NHS workload [297]. It set out the steps needed to 

empower patients, particularly those living with long term conditions: firstly a need to improve patients’ 

access to information, secondly the importance of supporting people to manage their own health; 

thirdly a need to involve patients decisions about their care and treatment [297].  

The NHS Long Term Plan, published at the start of 2019, built upon this and described a plan to make 

the NHS more coordinated, better tailored to individuals, and more proactive, by using risk stratification 

to target preventive strategies to individuals at risk, which the report terms ‘population health 

management’ [425]. The Long Term Plan identified ‘supporting people to age well’ as a priority area 

[425] to be addressed by the ‘Ageing Well Programme’ consisting of three elements: urgent community 

response, enhanced health in care homes, and anticipatory care [426]. The Anticipatory Care model, 

described since the publication of the Long Term Plan, consists of six components: case identification, 

holistic assessment, personalised care and support planning, multidisciplinary working, coordinated 

care, and interventions and support [427]. The PRIME model incorporates all of these elements in some 

form. Since the PRIME model is being evaluated within a clinical trial, it will be delivered to all individuals 

randomised to the intervention arm. If the model was subsequently rolled out in routine clinical 

practice, it is intended to be offered to all people with parkinsonism, which differs from case 

identification in which clinicians may, for example, seek to identify all people in a geographical region 

who are likely to be frail based on primary records [428]. However, the PRIME model nonetheless 

involves identification of people most at risk of negative outcomes so that they can be proactively 

targeted.  

Having designed a model of care which addresses not only limitations in care for parkinsonism but which 

also aligns with national priorities around coordinated, proactive care, there is now a need to gather 

empirical evidence as to its effectiveness.  
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5.6. Implications for research  

5.6.1. CPRD primary care database study  

Given the gradual transition of patients from CPRD GOLD to CPRD Aurum, based on changes to GP 

practice software, the latter now has larger coverage of the UK population. There is therefore a need to 

compare the prevalence and incidence of parkinsonism within CPRD Aurum, using Aurum denominator 

data, to establish the accuracy of parkinsonism recording within that database and to validate the 

parkinsonism codelist which I generated prior to data extraction. It would also be useful to compare 

prescribing records for parkinsonism medication between the databases, similar to a previously 

conducted study on antimicrobial prescribing [429]. Having established the utility of CPRD Aurum for 

parkinsonism research, these analyses could then be replicated within CPRD Aurum to compare the 

findings.  

In chapter 2, I described the risk prediction matrix which I produced based on the regression models 

using the CPRD GOLD data. When developing a multivariable prediction model, it is important to 

validate the model to establish its performance and to avoid the problem of ‘overfitting’ in which the 

model was developed based on certain idiosyncrasies of the data (e.g. certain characteristics occurring 

by chance) and hence real world performance is less good [430]. This can be done internally, for 

example by splitting the dataset into a development cohort and an internal validation cohort, which can 

help to ensure reproducibility by ensuring that the model can predict the outcome in a population with 

similar characteristics to the development cohort [430]. However, validation should ideally be done in 

an external dataset to establish external validity/generalisability by checking how the model performs in 

another population [430]. External validation of a prediction model is often not carried out or, when it 

is, these studies are poorly reported [431]. Before using the risk prediction model described in this thesis 

within clinical practice, it is therefore important to validate it in another study population such as CPRD 

Aurum or THIN and to follow the TRIPOD (Transparent Reporting of a multivariable prediction model for 

Individual Prognosis Or Diagnosis) checklist when reporting the findings [432]. 

Along with validation of the risk prediction model, future work should focus on establishing how 

different groups, such as GPs, movement disorder specialists, patients with parkinsonism, and 

caregivers, respond to having this information on risk. This could include a qualitative exploration of 

attitudes towards access to information on risk of hospital admission amongst these groups. Whilst it 

may be beneficial for a GP or movement disorder service to be able to risk stratify their patients in order 

to target limited resources to those at greatest risk, knowledge of this risk may cause anxiety to patients 
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and their family. Alternatively, in the context of a person-centered model of parkinsonism care, together 

with the resources to target appropriate, evidence-based support to those at highest risk, it could 

empower patients and caregivers living with parkinsonism and aid decision-making around hospital 

admission.  A study which used qualitative methods and user-centered design principles to inform the 

re-design of an interface for a prognostic model, albeit in the field of cancer rather than 

neurodegenerative disease, identified some interesting themes: fear of receiving a worse than expected 

prognosis; scepticism about the accuracy of predictions; and the interface failing to convey empathy to 

the user [433]. The authors highlight the importance of engaging with, and obtaining feedback from, the 

target audience [433], showing that this would be a vital step to maximise the benefit of this 

parkinsonism risk prediction tool. Additionally, to maximise the utility of the risk prediction model, it 

would be important to consider how best to convey information on risk to different groups, including 

patients, and to involve these individuals in this process.  

I compared the reasons for hospital admission in parkinsonism cases and controls but only explored the 

risk factors for admission in parkinsonism cases. There is scope to extend this analysis to investigate the 

risk factors for admission in the matched control population to determine whether the diagnosis of 

parkinsonism interacts with these factors. For example, the study by Okunoye et al using THIN data 

found that PD modifies the effect of age on the rate of hospital admission such that rates are higher in 

PD cases than controls in younger age groups but converge with increasing age [47]. There may also be 

an interaction between parkinsonism and other risk factors such as number of comorbidities and rural-

urban status.  

Having described rates of admission/ED attendance over time and explored the risk factors for 

unplanned hospital attendance, future work could usefully focus on describing secular trends in, and risk 

factors for, length of stay. Data from the general, rather than parkinsonism-specific, population has 

shown that length of stay has reduced over time [190, 359] with greater increase in the rate of short 

spells (0 or 1 days) than longer spells amongst older adults [359]. Any regional variation in length of stay 

could suggest scope to improve access to community support services which can help to promote earlier 

discharge. Since not all admissions are avoidable, reducing length of stay where possible, is another 

means to manage the rising demand on acute services and reduce the negative impact on patients with 

parkinsonism, including medication errors, motor decline and delirium, associated with hospitalisation.  

The presence of an informal caregiver is a factor which may impact upon risk of admission or ED 

attendance. Although this is unlikely to be well recorded in CPRD, the CPRD family number variable can 
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be used to identify individuals living in the same household and an algorithm has been successfully 

applied by other researchers to identify partners [422, 434]. A similar algorithm could therefore be used 

to identify cohabiting individuals, which could include a partner or family member, who may act to some 

extent as a caregiver. This would not identify informal caregivers who live in another household, but we 

would expect caregiver health to have the greatest impact on risk of hospital admission in people with 

parkinsonism where those individuals are co-resident. Since family number may be used to link people 

living in the same block of flats or a care home, misclassification of these individuals as caregivers could 

be avoided by excluding co-resident individuals with any code indicating residence in a communal 

establishment or where the same family number is used for more than 10 people.  Linking people with 

Parkinson’s to co-resident individuals within CPRD would allow investigation of whether the caregiver’s 

health status is associated with risk of hospital attendance and admission for the individual with 

parkinsonism. This would be of practical utility to GPs because timely intervention, such as temporary 

support or respite, in the context of caregiver illness could potentially mitigate against admission of the 

person with parkinsonism.  

5.6.2. PRIME cross-sectional study  

5.6.2.1. Optimising recruitment to parkinsonism studies  

The cross-sectional study described in this thesis sought to proactively target people with parkinsonism 

who are typically under-represented in research such as care home residents, those living with frailty 

and/or multimorbidity and people with impaired capacity to consent. The strategies I used do appear to 

have led to recruitment of a more representative study population and therefore have important 

implications for improving the inclusivity of future studies. Despite this being an observational study 

with no in-person visits, the resources required to deliver the study were considerable. Over 900 

successful calls were made following postal invitation by myself and a team I coordinated, which 

represents over 150 hours of telephone calls, assuming calls lasted 10 minutes on average. This is likely 

an under-estimation since it does not capture or quantify the additional time spent making calls which 

were not answered, searching clinical records for alternative telephone numbers, or waiting on hold to 

be connected to a care home resident or appropriate staff member. Calls involving a capacity 

assessment with or without a subsequent discussion with a consultee were more time-consuming.  

The data I have presented highlight the positive impact these prompt calls had in terms of both overall 

recruitment numbers and enabling me to reach people with an atypical parkinsonian syndrome, care 

home residents and frailer individuals. Calls made to support questionnaire completion after consent, 
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which were not included in the totals presented, required additional resource but facilitated 

participation of some individuals who may otherwise have declined to do so. This is relevant to 

researchers designing a study which aims to be inclusive as it can inform planning around the resources 

and staff needed which can assist when applying for funding. It can highlight to ethics committees, who 

necessarily need to consider potential burden and coercion of participants, that follow-up telephone 

calls are useful and can be justified as a strategy to support the enrolment of hard-to-reach individuals.  

My work also aligns with a priority area for the National Institute for Health and Care Research (NIHR) 

whose equality, diversity and inclusion (EDI) strategy includes widening access and participation, as well 

as embedding evidence-based diversity and inclusion approaches [435]. This cross-sectional study has 

successfully enabled a broader group of people with parkinsonism to take part in a research study and 

has also added to the evidence around strategies which can support diversity and inclusion. The more 

representative sample of patients recruited means that the questionnaire data collected should better 

reflect the heterogeneous population seen in clinical practice. Applying these strategies within the 

setting of PD clinical trials could help to generate evidence which is relevant to the range of patients 

under the care of movement disorders services. Future research should identify the most-cost effective 

recruitment strategies given limited funding, though funders should be encouraged to “ring-fence” 

clinical research funding to enhance equity of access to research opportunities. 

5.6.2.2. Capturing frailty using a self-reported measure  

In this cross-sectional study, I made a minor adaptation to the SHARE-FI75+ phenotypic frailty tool [195] 

so that it could be self-completed by participants, including with support to complete this and other 

measures over the telephone if required. Romero-Ortuno et al substituted the measurement of grip 

strength, used in the SHARE-FI, with a self-reported question to assess upper and lower body weakness 

SHARE-FI75+ in order to make it feasible for use in primary care, without a dynamometer [195]. In the 

SHARE-FI75+, Fried’s walking speed variable [383] was operationalised by Romero-Ortuno et al by asking 

the assessor to record whether the patient could walk unaided, with help or support, or whether this 

was not observed (e.g. because they were in a wheelchair or bedbound), which still required in-person 

assessment [195]. The authors had originally intended to use the data from the walking speed test but, 

due to a high proportion of missing data for this item, instead used the ‘observed walking status’ which 

was more complete [195]. Since the PRIME cross-sectional study was conducted without in-person 

assessments, I modified it so that the patient, or their representative, answered this question about 

walking.  
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99.1% of returned questionnaires had completed data for SHARE-FI75+, which is an important finding 

since it indicates that this measure was feasible for self-report by people with parkinsonism. Frailty 

score, calculated using the SHARE-FI75+ algorithm, predicted the ADL domain of the PDQ-39 score and 

explained 39% of the variance in ADL domain score, compared to 1% explained by age. Given the known 

association between frailty and disability in both a general community-dwelling older population when 

frailty was measured with SHARE-FI75+ [195] and in a PD population using the Fried Frailty Index [98], 

this is what would be expected. This helps to support the predictive validity of SHARE-FI75+ in this 

population. Future work could explore the extent to which the SHARE-FI75+ frailty score in people with 

parkinsonism predicts other adverse outcomes typically associated with frailty such as unplanned 

hospital admission and mortality, through record linkage with consent. The SHARE-FI75+ validation 

study was conducted in a population aged 75 and over because the walking speed test was only used in 

this age group. The decision to use it in the PRIME cross-sectional study, which also included individuals 

under 75 years was pragmatic, since the tool offered a means to assess frailty via questionnaire but 

there is a need to gather data around its validity in younger individuals.  

It is also important to assess inter-rater reliability by comparing the score obtained when the SHARE-

FI75+ questionnaire, including walking question, is answered by the patient or their representative 

against that obtained when a researcher asks the questions and observes the patient’s ability to walk. 

My work has informed the design of the protocol for the PRIME RCT. I have included the SHARE-FI75+ in 

both the patient-reported questionnaire and the in-person assessments to allow this validation study to 

be conducted.  Measurement of the SHARE-FI75+ at baseline and follow-up within the trial will also 

allow for responsiveness to be assessed.  

 

5.6.3. PRIME model of care and goal-orientated outcome measures  

5.6.3.1. Goal-orientated outcome measures  

There are many potential benefits to the wider use of more patient-centered goal-orientated outcome 

measures in clinical trials. Crucial real-world experience will be gained from using a goal-orientated 

approach, a modified version of the BGSI, as the primary outcome measure in this complex intervention 

trial in people with parkinsonism. In particular, it will be useful to gather quantitative data on the 

numbers of goals set by participants, proportion of aspirational versus maintenance goals, typical 

domains chosen, agreement between patient and caregiver scores and the proportion of patients 

unable to rate attainment (e.g. due to cognitive impairment). This will be complemented by process 
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data on the time and resources needed to conduct the baseline goal-setting interviews and follow-up 

assessments, as well as qualitative data from participants in both trial arms about the experience of 

setting goals and, for intervention arm participants, the support available to achieve goals.   

Determining the MCID for the BGSI in a parkinsonism population would add to its utility. It would also 

help to inform whether BGSI is better able to detect a meaningful difference than some other outcome 

measures, as has been suggested [341].  Even if an intervention improves patients’ ability to achieve 

goals which are important to them, there is usually a need, given limited resources, to demonstrate cost 

saving or at least cost neutrality. A reduction in the per capita cost of healthcare was one of the four 

goals of the quadruple aim for healthcare improvement [298] which the PRIME model of care aimed to 

reach. Further work could establish whether an improvement in goal attainment amongst people with 

parkinsonism is also associated with downstream benefits such as a reduction in unplanned hospital 

attendance/admission, similar to the range of positive outcomes associated with improved patient 

activation [225]. This would demonstrate predictive validity.  

There is scope for greater use of goal-orientated outcome measures, such as the BGSI, in trials involving 

adults with frailty and multimorbidity as a way to capture an outcome which is meaningful in these 

groups and to facilitate the inclusion of adults with impaired capacity to consent. The knowledge gained 

from use of an adapted version of the BGSI in the PRIME RCT will help to support its implementation in 

conditions other than neurodegenerative disease, which has been the focus of its use so far.  

 

5.6.3.2. Evaluating the PRIME model of care /the PRIME logic model  

The use of a logic model to describe the main components of the PRIME model of care, and how these 

would be expected to affect change, provided a basis for design of the protocol for the RCT by the wider 

team, including selection of appropriate outcome measures and design of the process evaluation. The 

logic model does not include sufficient detail to replicate the intervention but has provided the 

framework from which to design the specific interventions to be trialled in the UK and implemented in 

intervention regions in the Netherlands. The specifics of any implementation programme are likely to 

differ geographically due to economic, cultural, political and pragmatic considerations. As acknowledged 

in the paper which described the process of logic model development, it will be important to publish full 

standardised operating procedures for the PRIME-UK model of care. Use of the Template for 

Intervention Description and Replication (TIDieR) checklist [436], would help to ensure this is done 
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comprehensively. This checklist was produced to tackle the issues around the frequent poor descriptions 

of interventions within publications and key features include specifying the name of the intervention; 

the theory underpinning it; the procedures or activities implemented as part of the intervention, along 

with who delivered each activity and any training received; the mode and location of delivery; and the 

frequency, duration, intensity of sessions delivered [436]. The checklist also advises reporting details of 

any modification made during intervention delivery, as well as any assessment of fidelity or adherence 

[436]. Detailed reporting of the PRIME intervention, with reference to the structure outlined in the 

checklist will make it more scalable and allow others to replicate the intervention within the context of a 

potential future cluster RCT. It would also facilitate the adaption of the PRIME intervention for use in 

other disease groups, including other neurodegenerative disease, as well as people with frailty, 

multimorbidity and clinical complexity. Adaptation of an existing evidence-based intervention in new 

contexts can be more efficient than developing an entirely new intervention so, if done carefully and in 

accordance with the ADAPT guidance [437], could help to increase the impact of the PRIME-RCT and 

reduce research waste.  

 

5.7. Synthesis  

I explored the interrelation between complexity, comorbidity and frailty in people with parkinsonism, 

including their impact on risk of adverse outcomes, and approaches to managing this complexity. My 

thesis comprised a study using the CPRD primary care database, a cross-sectional study, and aspects of 

the PRIME RCT, specifically development of the logic model for the PRIME intervention and determining 

the best primary outcome measure. The CPRD primary care database and cross-sectional studies, whilst 

distinct from the PRIME RCT, directly informed the PRIME RCT by providing empirical evidence about 

risk of hospitalisation amongst people with parkinsonism and providing a sampling frame using “risk 

stratification”, respectively. These studies also provide complementary perspectives on the issue of 

complexity in parkinsonism and it is therefore useful to consider how the findings of the studies can be 

linked, with reference to some of the literature on complexity summarised in the introduction.   

In chapter 1, I introduced the concept of “complexity” and summarised the findings of a scoping review 

which identified several dimensions which contribute to complexity, as well as three broad descriptions: 

complexity due to multimorbidity, complexity in terms of healthcare use, and complexity due to 

psychosocial factors [77]. The PRIME cross-sectional study (chapter 3) predominantly focused on 

complexity due to multimorbidity (from parkinsonism and other conditions), as well as some 
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psychosocial factors. It captured many of the dimensions acknowledged to contribute to complexity, 

including multimorbidity, depression, polypharmacy, functional impairment, frailty, self-management 

capability and quality of life [77]. Caregiver strain is another important dimension listed by Schaink et al 

[77]. Whilst the caregiver results were not presented in this thesis, the data collected from the over 300 

caregivers who participated in PRIME cross-sectional, will allow future exploration of this aspect of 

complexity. I also described the frequency of factors which are markers of complex/advanced 

parkinsonism, such as prescription of five or more doses of levodopa per day. Since I made particular 

efforts to recruit a representative sample of patients, including those living with frailty, multimorbidity 

and with impaired capacity to consent, my findings relating to the frequency of these dimensions of 

complexity should be a good reflection of the ‘true’ burden in parkinsonism. The CPRD primary care 

database study (chapter 2) addressed complexity in terms of healthcare use by exploring the predictors 

of emergency hospital admission and ED attendance. IMD linkage allowed me to explore the impact of 

deprivation status, one aspect of the wider determinants of health which Schaink et al classify within 

psychosocial complexity [77].  

There may be merit in developing a composite measure of complexity in parkinsonism so that the 

combined effect of these different dimensions, such as parkinsonism-specific factors, multimorbidity, 

frailty, socioeconomic factors, self-management capability, and prior healthcare use could be quantified. 

Further work would need to consider which factors to include, ideally selecting those which could be 

either captured from electronic health records or feasible for measurement in routine clinical practice, 

as well as a research setting. It would then be important to establish the psychometric properties of 

such a measure, including validity and reliability.  A composite complexity score would encourage a shift 

from thinking about complexity in parkinsonism as simply due to features of parkinsonism itself, to an 

acknowledgement that other factors influence how complex a patient is to manage. My work suggests 

that, in a representative sample of patients with parkinsonism, many features of complexity are 

common, and this adds further weight to the need for integrated models of care which are appropriate 

for managing complexity. A complexity score could allow patients to be risk stratified so that delivery of 

interventions such as the PRIME model could be tailored appropriately, with those at highest risk of 

negative outcomes, such as emergency admission, managed most intensively. Whilst an output from my 

study using CPRD data was development of a table which stratified risk of admission by patient 

characteristics, an overarching complexity score could account for factors which were not included in 

my model.  
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Although the concept of “complexity” is difficult to define and measure, it seems clear that it 

encompasses factors beyond purely issues of physical health and disease and that these wider factors 

should also be used to guide optimal patient management. Hart proposed the ‘Quadrant Model’ as a 

person-centred approach to managing patients with multiple long-term conditions, in which patients are 

classified into one of four groups, each managed using a different approach [85]. In this model, Hart 

described two axes, one for medical complexity, based on control of long-term conditions, and the other 

for patient activation, measured using the PAM [85]. Dichotomisation of medical complexity and 

activation into low and high classified patients into four groups. Hart suggested that patients classified 

as low complexity and high activation receive a ‘light touch’ approach in which they were sent a letter 

encouraging them to continue their current management; those with high complexity and high 

activation were deemed to be receptive to discussion of medically-focused goals and were offered 

coaching with a nurse or doctor [85]. Patients with low complexity, due to currently good disease 

control, but with a low activation level, were at risk of future deterioration and so it was suggested that 

they should receive support to increase their activation level and hence enhance preventative actions 

[85]. Finally, it was acknowledged that patients with high complexity and low activation, may be 

overwhelmed by other life issues and may lack the resources and confidence to self-manage their 

health, so would benefit from wider support and a more holistic approach [85]. Although proposed as a 

model for managing long-term conditions in UK primary care, rather than specific to parkinsonism, this 

model suggests a way to integrate information on multimorbidity (shown in chapter 2 to predict 

unplanned hospital use) with patient activation level (shown in chapter 3 to be low in almost two thirds 

of participants) to personalise the approach to patient care (an aim of the PRIME model described in 

chapter 4). It also raises the question of whether it is possible, via the PRIME model, to improve patient 

activation level amongst patients with parkinsonism and, in turn, to improve outcomes and reduce 

unplanned healthcare use.  

Finally, a better understanding of what contributes to clinical complexity in parkinsonism, its frequency, 

and a standardised way to quantify this, would make it easier in future to assess the extent to which 

clinical research studies have achieved representation across the spectrum of clinical complexity and 

assess the effectiveness of strategies aiming to improve inclusivity in research.  
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5.8. Conclusions 

My first over-arching objective for this thesis was to describe the rates of, reasons for, and risk and 

predictors of, hospital admission amongst people with parkinsonism. Using the CPRD GOLD primary care 

database, I showed that rates of ED attendance and emergency admission have risen over a 10-year 

period, added to the evidence base on reasons for admission, and provided novel information on the 

predictors of unplanned hospital attendance. This included the novel finding in this population that 

living in a rural area was associated with reduced odds of emergency admission and ED attendance. To 

my knowledge, this was the first study to present the model-predicted risk of emergency hospital 

admission amongst patients with parkinsonism, based on age, gender, multimorbidity score and 

duration of parkinsonism, in a simple stratified table. These findings will be of benefit to clinicians, 

patients with parkinsonism and their family, and commissioners.  

The second over-arching objective was to describe the symptoms, needs and experience of a 

representative sample of people with parkinsonism, including people who are typically excluded from 

clinical research. I successfully recruited a sample of patients with parkinsonism which more closely 

matched the characteristics of parkinsonism patients in the CPRD database, and provided empirical 

evidence to support the recruitment strategies I used. These findings can be used to support diversity 

and inclusion in future movement disorder, frailty and multimorbidity research. The PRIME cross-

sectional study findings add to the evidence base on the symptoms, experience and frequency of 

indicators of clinical complexity amongst people with parkinsonism and, importantly, has done so within 

a sample which better reflects the real world situation.  

My third objective was to develop a framework for the multicomponent PRIME model of care, including 

selection of a suitable primary outcome measure. My work to describe how a goal-orientated outcome 

measure could be adapted for use within an inclusive trial of patients with parkinsonism addressed a 

gap in movement disorder research, by proposing a meaningful measure which could be used in a 

heterogeneous population, across the spectrum of disease and clinical complexity, including in patients 

with impaired capacity to consent. Much of healthcare is focused on managing the negative 

consequences of a chronic disease, rather than modifying the disease process. I therefore believe there 

is scope to use goal-orientated outcome measures more widely in future evaluations and for diseases 

other than PD.  

Capturing complexity within clinical research should remain a priority to ensure that it reflects real-

world populations and to fully understand the impact of complexity. This will enable healthcare systems 



238 
 

to be designed in a way which accounts for complexity, and which aligns care and treatment with 

individuals’ goals and preferences. This, in turn, will help to maximise the wellbeing and quality of life of 

people living with parkinsonism.   
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APPENDICES  
APPENDIX A 
 

Parkinsonism codes  

  

Read term  Med code  

  

Parkinson's disease  4321 

parkinsonism with OH 8956 

Dementia in parkinson's disease  9509 

Parkinson's disease NOS 14912 

parkinsonism in diseases classified elsewhere  86062 

Paralysis agitans 1691 

Vascular parkinsonsim  100128 

Lewy body disease 7572 

[X]Lewy body dementia 26270 

Multiple system atrophy  22454 

Shy-Drager syndrome  35839 

Progressive supranuclear palsy  9385 

Progressive supranuclear ophthalmoplegia 40553 

Steele - Richardson Oszewski syndrome  93910 

Steele Richardson Oszewski syn 49034 

Steele-Richardson-Oszewski syndrome  7037 

Supranucelar paralysis  29515 

Corticobasal degeneration  107650 

Cerebral degeneration in Parkinson's disease 96860 

  

  

Care home status codes   

  

Read term  Med code 

Seen in nursing home  7653 

Discharge to nursing home  10993 

Lives in a nursing home  13359 

Nursing home care  24828 

Lives in a residential home  24956 

Delayed discharge to nursing home  27936 

Discharge to residential home  42191 

Discharge to private nursing home  43915 

Other residential care homes managed by local authority  46642 

Nursing home attendant  48395 

Discharge to private residential home  48549 

[V]Delayed discharge - nursing home vacancy awaited  49138 
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Lives in care home  49681 

Discharge to part III residential home  69028 

Nursing home visit note  73083 

Nursing home  73321 

Residential home visit note  93998 

Provision of continuing care in nursing home  94070 

Other residential care home man voluntary/private agents  99148 

Nursing home acquired pressure ulcer  102230 

Admission to nursing home  102493 

Discharge to nursing home  102598 

Care home visit for initial patient assessment  107443 

Care home visit for follow-up patient review  107602 

Care home visit  107757 

Resident in part III accommodation 21280 

Part 3 accommodation 36096 

Part III accommodation 27425 

Nursing/other home  13360 

Lives in an old peoples home  11419 

Lives in a welfare home  15840 

Residential institution 27968 

Lives in an old peoples home  59548 

Lives in a welfare home  68005 

Part III accommodation arranged 27360 

Part 3 accommodation arranged 66122 

Residential care 24816 

Discharge to nursing home 10093 

Discharge to part III accommodation 54948 

[V]Old age home admission medical 13562 

Seen in institution 17782 

Seen in Part 3 accommodation 50792 

Seen in old people’s home February 2009 7101 

Seen in Elderly Mentally Infirm home 35279 

Home visit request by residential institution 101003 

  

  

Antiparkinsonian medication codes   

  

Product name  cprd_prodcode 

Stalevo 100mg/25mg/200mg tablets (Orion Pharma (UK) Ltd) 10142 

Stalevo 100mg/25mg/200mg tablets (Orion Pharma (UK) Ltd) 10142 

Co-beneldopa 12.5mg/50mg dispersible tablets sugar free 11235 

Pergolide Starter Pack (Pergolide 50 micrograms tablet with Pergolide 
250 micrograms tablet) 81 tablets 11277 

Cabaser 1mg tablets (Pfizer Ltd) 11541 
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Zelapar 1.25mg oral lyophilisates (Teva UK Ltd) 11586 

Bromocriptine 10mg capsules 12057 

Levodopa 125mg Capsule 12481 

ReQuip 250microgram tablets (GlaxoSmithKline UK Ltd) 12762 

Parlodel 1mg Tablet (Novartis Pharmaceuticals UK Ltd) 13403 

Parlodel 5mg Capsule (Novartis Pharmaceuticals UK Ltd) 13515 

Celance 250microgram tablets (Eli Lilly and Company Ltd) 13736 

Celance 1mg tablets (Eli Lilly and Company Ltd) 13793 

Cabaser 4mg tablets (Pfizer Ltd) 14140 

Ropinirole 500microgram tablets 14342 

Rotigotine 2mg/24hours transdermal patches 14914 

Rotigotine 6mg/24hours transdermal patches 14915 

Stalevo 50mg/12.5mg/200mg tablets (Orion Pharma (UK) Ltd) 14916 

Stalevo 50mg/12.5mg/200mg tablets (Orion Pharma (UK) Ltd) 14916 

ReQuip 1mg tablets (GlaxoSmithKline UK Ltd) 14934 

Apomorphine 50mg/10ml solution for infusion pre-filled syringes 14935 

Eldepryl 10mg tablets (Orion Pharma (UK) Ltd) 16224 

Mirapexin 0.088mg tablets (Boehringer Ingelheim Ltd) 16617 

Levodopa 500mg tablets 16780 

Benserazide 50mg with Levodopa 200mg capsules 16817 

Levodopa with benserazide 100mg + 25mg Dispersible tablet 16861 

Mirapexin 0.7mg tablets (Boehringer Ingelheim Ltd) 16933 

Levodopa with benserazide 100mg + 25mg Modified-release capsule 16970 

Rotigotine 4mg/24hours transdermal patches 17053 

Adartrel 250microgram tablets (GlaxoSmithKline UK Ltd) 17058 

Adartrel 500microgram tablets (GlaxoSmithKline UK Ltd) 17066 

Cabaser 2mg tablets (Pfizer Ltd) 17443 

ReQuip 2mg tablets (GlaxoSmithKline UK Ltd) 17619 

ReQuip 5mg tablets (GlaxoSmithKline UK Ltd) 17622 

Levodopa 250mg Capsule 18346 
Half sinemet cr 25mg+100mg Tablet (Bristol-Myers Squibb 
Pharmaceuticals Ltd) 1853 
APO-go PFS 50mg/10ml solution for infusion pre-filled syringes (Britannia 
Pharmaceuticals Ltd) 18566 

Brocadopa 125mg Capsule (Yamanouchi Pharma Ltd) 18715 

Adartrel 2mg tablets (GlaxoSmithKline UK Ltd) 18891 

Apo-go 10mg/ml Injection (Britannia Pharmaceuticals Ltd) 19267 

Neupro 2mg/24hours transdermal patches (UCB Pharma Ltd) 19492 

Neupro 4mg/24hours transdermal patches (UCB Pharma Ltd) 19498 

Neupro 6mg/24hours transdermal patches (UCB Pharma Ltd) 19505 

Larodopa 500mg Tablet (Cambridge Laboratories Ltd) 19592 

Celance 50microgram tablets (Eli Lilly and Company Ltd) 20023 
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Britaject 10mg/ml Subcutaneous injection (Britannia Pharmaceuticals 
Ltd) 20211 

Comtess 200mg tablets (Orion Pharma (UK) Ltd) 20651 

Sinemet 275 Tablet (Bristol-Myers Squibb Pharmaceuticals Ltd) 2074 

Tasmar fc 100mg Tablet (Roche Products Ltd) 21118 

Parlodel 10mg Capsule (Novartis Pharmaceuticals UK Ltd) 21361 

Symmetrel 50mg/5ml syrup (Alliance Pharmaceuticals Ltd) 21745 

Azilect 1mg tablets (Teva UK Ltd) 21793 

Rotigotine 2mg/24hr with 4mg/24hr with 6mg/24hr with 8mg/24hr patch 22602 

Rotigotine 8mg/24hours transdermal patches 22604 

Tolcapone fc 200mg Tablet 22675 

Bromocriptine 2.5mg tablets 2279 

Neupro 8mg/24hours transdermal patches (UCB Pharma Ltd) 23293 

Brocadopa 500mg Capsule (Yamanouchi Pharma Ltd) 24528 

Pergolide 250microgram tablets 2464 

Madopar CR capsules (Roche Products Ltd) 2465 

Madopar 100mg/25mg capsules (Roche Products Ltd) 2466 

Selegiline 5mg tablets 2467 

Co-careldopa 10mg/100mg tablets (Teva UK Ltd) 25288 

Eldepryl 10mg/5ml syrup (Orion Pharma (UK) Ltd) 25298 

Sinemet plus Tablet (Bristol-Myers Squibb Pharmaceuticals Ltd) 2534 

Levodopa 500mg Capsule 25844 

Lysovir 100mg capsules (Alliance Pharmaceuticals Ltd) 25890 

Tasmar 100mg tablets (Meda Pharmaceuticals Ltd) 26041 

Centrapryl 5mg Tablet (Opus Pharmaceuticals Ltd) 26257 

Brocadopa 250mg Capsule (Yamanouchi Pharma Ltd) 27302 

Sinemet 62.5 Tablet (Bristol-Myers Squibb Pharmaceuticals Ltd) 2739 

Benserazide 12.5mg with levodopa 50mg capsules 27649 

Stilline 10mg Tablet (Berk Pharmaceuticals Ltd) 27738 

Sinemet CR 50mg+200mg Tablet (Bristol-Myers Squibb Pharmaceuticals 
Ltd) 2829 

Vivapryl 5mg Tablet (Viatris Pharmaceuticals Ltd) 28590 

Vivapryl 10mg Tablet (Viatris Pharmaceuticals Ltd) 29846 

Co-careldopa 25mg/250mg tablets (Teva UK Ltd) 31268 

Tasmar fc 200mg Tablet (Roche Products Ltd) 31356 

Benserazide 12.5mg with Levodopa 50mg dispersible tablets 31682 

Benserazide 25mg with Levodopa 100mg dispersible tablet 32003 

Bromocriptine 2.5mg Tablet (Generics (UK) Ltd) 32067 

Apomorphine 50mg/5ml solution for injection ampoules 33133 

Co-careldopa 5mg/20mg/1ml intestinal gel 100ml cassette 33541 

Apomorphine 20mg/2ml solution for injection ampoules 33781 

Selegiline 5mg tablets (IVAX Pharmaceuticals UK Ltd) 34123 

Bromocriptine 2.5mg tablets (A A H Pharmaceuticals Ltd) 34132 
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Bromocriptine 2.5mg Tablet (Berk Pharmaceuticals Ltd) 34219 

Selegiline 10mg tablets (IVAX Pharmaceuticals UK Ltd) 34250 

Apomorphine 30mg/3ml solution for injection pre-filled disposable 
devices 35255 

Benserazide 25mg with levodopa 100mg capsules 35407 

Madopar 50mg/12.5mg capsules (Roche Products Ltd) 3562 

APO-go 50mg/5ml solution for injection ampoules (Britannia 
Pharmaceuticals Ltd) 35939 

APO-go PEN 30mg/3ml solution for injection (Britannia Pharmaceuticals 
Ltd) 36038 

Selegiline 10mg tablets 3640 

Levodopa with benserazide 100mg + 25mg Capsule 3641 

Co-beneldopa 25mg/100mg capsules 3642 

Benserazide 25mg with Levodopa 100mg modified-release capsules 37489 

Pramipexole 350microgram tablets 37635 

Mirapexin 0.35mg tablets (Boehringer Ingelheim Ltd) 37984 

Ropinirole 8mg modified-release tablets 38151 
APO-go 20mg/2ml solution for injection ampoules (Britannia 
Pharmaceuticals Ltd) 38199 

Ropinirole 2mg modified-release tablets 38245 

Ropinirole 4mg modified-release tablets 38249 

ReQuip XL 4mg tablets (GlaxoSmithKline UK Ltd) 38250 

ReQuip XL 2mg tablets (GlaxoSmithKline UK Ltd) 38251 

ReQuip XL 8mg tablets (GlaxoSmithKline UK Ltd) 38256 

Stalevo 200mg/50mg/200mg tablets (Orion Pharma (UK) Ltd) 38357 

Stalevo 200mg/50mg/200mg tablets (Orion Pharma (UK) Ltd) 38357 

Madopar 50mg/12.5mg dispersible tablets (Roche Products Ltd) 3910 

Caramet 50mg/200mg CR tablets (Teva UK Ltd) 39348 

Parlodel 2.5mg tablets (Meda Pharmaceuticals Ltd) 40039 

Selegiline 5mg tablets (Niche Generics Ltd) 40235 

Stalevo 75mg/18.75mg/200mg tablets (Orion Pharma (UK) Ltd) 40306 

Stalevo 75mg/18.75mg/200mg tablets (Orion Pharma (UK) Ltd) 40306 

Stilline 5mg Tablet (Berk Pharmaceuticals Ltd) 40418 

Caramet 25mg/100mg CR tablets (Teva UK Ltd) 40452 

Stalevo 125mg/31.25mg/200mg tablets (Orion Pharma (UK) Ltd) 40568 

Stalevo 125mg/31.25mg/200mg tablets (Orion Pharma (UK) Ltd) 40568 

Rotigotine 1mg/24hours transdermal patches 40866 

Parlodel 5mg capsules (Meda Pharmaceuticals Ltd) 40947 

Co-careldopa 25mg/100mg/5ml oral suspension 41091 

Neupro 1mg/24hours transdermal patches (UCB Pharma Ltd) 41147 

Pramipexole 260microgram modified-release tablets 41219 

Pramipexole 3.15mg modified-release tablets 41242 

Pramipexole 1.05mg modified-release tablets 41243 

Pramipexole 520microgram modified-release tablets 41265 
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Pramipexole 2.1mg modified-release tablets 41272 

Rotigotine 3mg/24hours transdermal patches 41309 

Mirapexin 2.1mg modified-release tablets (Boehringer Ingelheim Ltd) 41350 

Mirapexin 0.52mg modified-release tablets (Boehringer Ingelheim Ltd) 41358 

Mirapexin 0.26mg modified-release tablets (Boehringer Ingelheim Ltd) 41359 

Mirapexin 1.05mg modified-release tablets (Boehringer Ingelheim Ltd) 41360 

Co-careldopa 25mg/100mg/5ml oral solution 41370 

Pergolide 50microgram tablets 4146 

Ropinirole 250microgram tablets (Zentiva) 41464 

Mirapexin 3.15mg modified-release tablets (Boehringer Ingelheim Ltd) 41484 

Selegiline 10mg tablets (Teva UK Ltd) 41707 

Parlodel 1mg tablets (Meda Pharmaceuticals Ltd) 41804 

Sinemet 12.5mg/50mg tablets (Merck Sharp & Dohme Ltd) 42041 

Sinemet Plus 25mg/100mg tablets (Merck Sharp & Dohme Ltd) 42147 

Half Sinemet CR 25mg/100mg tablets (Merck Sharp & Dohme Ltd) 42172 

Co-careldopa 25mg/100mg tablets (Teva UK Ltd) 42215 

Sinemet CR 50mg/200mg tablets (Merck Sharp & Dohme Ltd) 42255 

Sinemet 25mg/250mg tablets (Merck Sharp & Dohme Ltd) 42262 

Sinemet 10mg/100mg tablets (Merck Sharp & Dohme Ltd) 42293 

Neupro 3mg/24hours transdermal patches (UCB Pharma Ltd) 42649 

Selegiline 10mg tablets (Niche Generics Ltd) 42808 

Bromocriptine 5mg capsules 4300 

Tilolec 200mg/50mg modified-release tablets (Tillomed Laboratories Ltd) 43033 
Co-careldopa 50mg/200mg modified-release tablets (A A H 
Pharmaceuticals Ltd) 43631 

Lecado 25mg+100mg Modified-release tablet (Sandoz Ltd) 43718 

Lecado 50mg+200mg Modified-release tablet (Sandoz Ltd) 43855 

Pramipexole 1.57mg modified-release tablets 44486 

Mirapexin 1.57mg modified-release tablets (Boehringer Ingelheim Ltd) 44566 

Pramipexole 2.62mg modified-release tablets 44649 

Mirapexin 2.62mg modified-release tablets (Boehringer Ingelheim Ltd) 44750 

Ropinirole 2mg tablets (Generics (UK) Ltd) 45303 

Duodopa intestinal gel 100ml cassette (AbbVie Ltd) 45761 

Dostinex 500microgram tablets (Pfizer Ltd) 4581 

Neliprax 0.35mg tablets (Aspire Pharma Ltd) 46660 

Stalevo 175mg/43.75mg/200mg tablets (Orion Pharma (UK) Ltd) 47248 

Stalevo 175mg/43.75mg/200mg tablets (Orion Pharma (UK) Ltd) 47248 

Pramipexole 88microgram tablets (Actavis UK Ltd) 47730 

Spiroco XL 2mg tablets (Teva UK Ltd) 47762 

Spiroco XL 8mg tablets (Teva UK Ltd) 47763 

Spiroco XL 4mg tablets (Teva UK Ltd) 48075 

Co-careldopa 12.5mg/50mg tablets 4866 

Pergolide 1mg tablets 4941 

Sinemet Plus 25mg/100mg tablets (Waymade Healthcare Plc) 49481 
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Bromocriptine 1mg tablets 4975 

Mirapexin 0.088mg tablets (Waymade Healthcare Plc) 50289 

Sinemet 10mg/100mg tablets (Lexon (UK) Ltd) 51023 

Cabergoline 500microgram tablets 514 

Selegiline 10mg/5ml oral solution 5233 

Ralnea XL 2mg tablets (Consilient Health Ltd) 52376 

Co-beneldopa 25mg/100mg modified-release capsules 5248 

Sinemet Plus 25mg/100mg tablets (DE Pharmaceuticals) 52694 

Co-careldopa 25mg/250mg tablets 5310 

Sinemet 25mg/250mg tablets (Mawdsley-Brooks & Company Ltd) 53299 

Amantadine 100mg capsules 5339 

Half Sinemet CR 25mg/100mg tablets (DE Pharmaceuticals) 53526 

Ropinirole 1mg tablets (A A H Pharmaceuticals Ltd) 53837 

Cabergoline 1mg tablets 5389 

Cabergoline 2mg tablets 5406 

Pramipexole 88microgram tablets (Sigma Pharmaceuticals Plc) 54469 

Sinemet 110 Tablet (Bristol-Myers Squibb Pharmaceuticals Ltd) 546 

Co-beneldopa 12.5mg/50mg capsules 5464 

Apomorphine 2mg sublingual tablets sugar free 5487 

Apomorphine 3mg sublingual tablets sugar free 5535 

Co-careldopa 6.25mg/25mg/5ml oral suspension 55508 

Uprima 2mg sublingual tablets (Abbott Laboratories Ltd) 5575 

Pergolide 50microgram tablets (A A H Pharmaceuticals Ltd) 55876 

Stalevo 100mg/25mg/200mg tablets (Lexon (UK) Ltd) 56261 

Stalevo 100mg/25mg/200mg tablets (Lexon (UK) Ltd) 56261 

Bromocriptine 2.5mg tablets (Kent Pharmaceuticals Ltd) 56442 

Sinemet 10mg/100mg tablets (Sigma Pharmaceuticals Plc) 56507 

Uprima 3mg sublingual tablets (Abbott Laboratories Ltd) 5665 

Co-beneldopa 25mg/100mg dispersible tablets sugar free 5673 

Ropinirole 250microgram tablets 5674 

Co-careldopa 25mg/100mg modified-release tablets 5675 

Co-careldopa 10mg/100mg tablets (A A H Pharmaceuticals Ltd) 57082 

ReQuip XL 2mg tablets (DE Pharmaceuticals) 57511 
Neupro 8mg/24hours transdermal patches (Mawdsley-Brooks & 
Company Ltd) 57518 

Sinemet 25mg/250mg tablets (Dowelhurst Ltd) 57586 

Co-beneldopa 12.5mg/50mg capsules (Teva UK Ltd) 57635 

Ropinirole 1mg tablets (Waymade Healthcare Plc) 57652 

Pramipexole 180microgram tablets 5766 

Madopar 100mg/25mg dispersible tablets (Roche Products Ltd) 5869 

Pramipexole 88microgram tablets (A A H Pharmaceuticals Ltd) 58776 

Raponer XL 8mg tablets (Actavis UK Ltd) 58831 

Pramipexole 700microgram tablets 5909 

Ropinirole 250microgram tablets (A A H Pharmaceuticals Ltd) 59192 
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Ralnea XL 8mg tablets (Consilient Health Ltd) 59833 

Repinex XL 8mg tablets (Aspire Pharma Ltd) 59980 

Repinex XL 2mg tablets (Aspire Pharma Ltd) 59997 

Ropinirole 250micrograms with 500micrograms with 1mg tablet 6012 

Cabergoline 4mg tablets 6016 

Amantadine 50mg/5ml oral solution sugar free 6035 

Pramipexole 88microgram tablets (Generics (UK) Ltd) 60818 

Ropinirole 5mg tablets 6122 

Ropinirole 500micrograms with 1mg with 2mg tablet 6143 

ReQuip 2mg tablets (DE Pharmaceuticals) 61452 

Raponer XL 2mg tablets (Actavis UK Ltd) 61511 

Raponer XL 4mg tablets (Actavis UK Ltd) 61512 

Co-careldopa 25mg/100mg tablets 6156 

Oprymea 0.52mg modified-release tablets (Consilient Health Ltd) 62274 

Co-careldopa 12.5mg/50mg/5ml oral suspension 62435 

Sastravi 100mg/25mg/200mg tablets (Actavis UK Ltd) 62482 

Sastravi 100mg/25mg/200mg tablets (Actavis UK Ltd) 62482 

Sastravi 150mg/37.5mg/200mg tablets (Actavis UK Ltd) 62543 

Sastravi 150mg/37.5mg/200mg tablets (Actavis UK Ltd) 62543 

Bromocriptine 2.5mg Tablet (Approved Prescription Services Ltd) 62652 

Rasagiline 1mg tablets 7040 

Selegiline 1.25mg oral lyophilisates sugar free 7051 

Co-careldopa 50mg/200mg modified-release tablets 7246 

Madopar 200mg/50mg capsules (Roche Products Ltd) 7256 

Mirapexin 0.18mg tablets (Boehringer Ingelheim Ltd) 7339 

Stalevo 150mg/37.5mg/200mg tablets (Orion Pharma (UK) Ltd) 7386 

Stalevo 150mg/37.5mg/200mg tablets (Orion Pharma (UK) Ltd) 7386 

Symmetrel 100mg capsules (Alliance Pharmaceuticals Ltd) 7428 

Entacapone 200mg tablets 758 

Ropinirole 1mg tablets 772 

Levodopa with benserazide 200mg + 50mg Capsule 7879 

Pramipexole 88microgram tablets 811 

Levodopa with benserazide 50mg + 12.5mg Capsule 8407 

Levodopa with benserazide 50mg + 12.5mg Dispersible tablet 8408 

Eldepryl 5mg tablets (Orion Pharma (UK) Ltd) 8426 

Co-careldopa 10mg/100mg tablets 9283 

Tolcapone 100mg tablets 9327 

Parlodel 2.5mg Tablet (Novartis Pharmaceuticals UK Ltd) 9333 

Co-beneldopa 50mg/200mg capsules 9512 

Apomorphine 10mg/ml injection 9701 

Ropinirole 2mg tablets 9799 
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ICD-10 codes for each sub-category of admission   

   

Subcategories  Description ICD-10 code  

UTI Urinary tract infection, site not specified N390  

Pneumonia  Lobar pneumonia, unspecified J181 

 Unspecified acute lower respiratory infection J22X 

 Pneumonia, unspecified J189 

 Pneumonitis due to food and vomit J690 

 Chronic obstruct pulmonary dis with acute lower resp infec J440 

 Bronchopneumonia, unspecified J180 

Septicaemia  Sepsis, unspecified A419 

 Streptococcal sepsis A40 

 Other sepsis A41 

 Sepsis due to streptococcus, group A A400 

 Sepsis due to streptococcus, group B A401 

 Sepsis due to streptococcus, group D A402 

 Sepsis due to Streptococcus pneumoniae A403 

 Other streptococcal sepsis A408 

 Streptococcal sepsis, unspecified A409 

 Sepsis due to Staphylococcus aureus A410 

 Sepsis due to other specified staphylococcus A411 

 Sepsis due to unspecified staphylococcus A412 

 Sepsis due to Haemophilus influenzae A413 

 Sepsis due to anaerobes A414 

 Sepsis due to other Gram-negative organisms A415 

 Other specified sepsis A418 

Cellulitis  Cellulitis of other parts of limb L031 
Old age without 
mention of psychosis  Senility R54X 

Disorientation Disorientation, unspecified R410 

Delirium Delirium, unspecified F059 

Hallucinations Hallucinations, unspecified R443 

 Visual hallucinations R441 

Syncope and collapse  Syncope and collapse R55X 

Orthostatic hypotension Orthostatic hypotension I951 

Hypotension Hypotension, unspecified I959 

Acute kidney injury  Acute renal failure N17 

 Acute renal failure, unspecified N179 

 Other acute renal failure N178 

Volume depletion Volume depletion E86X 

Neck of femur fracture Fracture of neck of femur S720 

 Peritrochanteric fracture S721 

 Subtrochanteric fracture S722 

Head injuries  Unspecified injury of head S099 
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 Superficial injury of other parts of head S008 

 Open wound of scalp S010 

 Superficial injury of head, part unspecified S009 

 Open wound of head, part unspecified S019 

 Superficial injury of scalp S000 

Other fractures Fracture of pubis S325 

 Fracture of lower end of radius S525 

 Fracture of upper end of humerus S422 

 Fracture of clavicle S420 

 Fracture of shaft of humerus S423 

 Multiple fractures of ribs S224 

 Fracture of lumbar vertebra S320 

 Fracture of lower end of both ulna and radius S526 

Falls Tendency to fall, not elsewhere classified R296 

 Unspecified fall  W19 

 Unspecified fall- Home W190 

 Unspecified fall-  Residential institution  W191 

 Other fall from one level to another W17 

 Other fall from one level to another- Home W170 

 Other fall from one level to another- Residential institution W171 

 Fall on same level from slipping, tripping and stumbling W01 

 

Fall on same level from slipping, tripping and stumbling- 
Home W010 

 

Fall on same level from slipping, tripping and stumbling- 
Residential institution W011 

Cardiac related  Chest pain, unspecified R074 

 Congestive heart failure I500 

 Atrial fibrillation and flutter I48X 

 Other chest pain R073 

 Precordial pain R072 

 Unstable angina I200 

 Angina pectoris, unspecified I209 

 Acute myocardial infarction, unspecified I219 

 Left ventricular failure I501 

 Heart failure, unspecified I509 

 Atrial fibrillation and flutter I48 

 Acute transmural myocardial infarction of anterior wall I210 

 Acute transmural myocardial infarction of inferior wall I211 

 Acute transmural myocardial infarction of other sites I212 

 Acute transmural myocardial infarction of unspecified site I213 

 Acute subendocardial myocardial infarction I214 

 Acute myocardial infarction, unspecified I219 

 Atrioventricular block, complete I442 

Stroke Cerebral infarction, unspecified I639 
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 Stroke, not specified as haemorrhage or infarction I64X 

 

Cerebral infarction due to unspecified occlusion or stenosis 
of cerebral arteries I635 

 Intracerebral haemorrhage, unspecified I619 

TIA Transient cerebral ischaemic attack, unspecified G459 

Constipation Constipation K590 

Gastroenteritis Noninfective gastroenteritis and colitis, unspecified K529 

 Enterocolitis due to Clostridium difficile A047 

 Viral intestinal infection, unspecified A084 

Nausea and vomiting Nausea and vomiting R11X 

Dysphagia Dysphagia R13X 

GI bleed Haematemesis K920 

 Melaena K921 

 Gastrointestinal haemorrhage, unspecified K922 

Urinary retention Mechanical complication of urinary (indwelling) catheter T830 
Complications with 
cathether Fitting and adjustment of urinary device Z466 

Haematuria Unspecified haematuria R31X 

COPD 
Chronic obstructive pulmonary disease with acute 
exacerbation, unspecified J441 

 Other specified chronic obstructive pulmonary disease J448 

 Chronic obstructive pulmonary disease, unspecified J449 

 Emphysema J43 

 Emphysema, unspecified J439 

 Other chronic obstructive pulmonary disease J44 

Asthma Asthma J45 

 Asthma, unspecified J459 

 Predominantly allergic asthma J450 

 Nonallergic asthma J451 

 Mixed asthma J458 

Bronchiectasis Bronchiectasis J47X 

PD as primary reason Dementia in Parkinson disease F023 

 Parkinson disease G20X 
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APPENDIX C  
 

Table S1: One year risk of emergency hospital admission predicted by the multivariable model which 

included age group, duration of parkinsonism, gender, multimorbidity score and study year (for the most 

recent study year, 2019, and accounting for gender/age, duration/age and duration-multimorbidity 

score interactions), together with 95% confidence intervals.  

  
 

Male  Female 

Age  CMS  
↓  

Parkinsonism 
duration →  

<2yr  2-4yr  5+yr  < 2yr  2-4yr  5+yr  

35-64  
   
   

0/1  7.24  
(6.23; 8.25)  

10.11 
(8.59; 11.63)  

13.95  
(12.02; 15.88)  

7.97  
(6.77; 9.17)  

11.07  
(9.31; 12.84)  

15.19  
(12.97; 17.41)  

2/3  10.49  
(9.21; 11.76)  

14.43  
(12.64; 16.23)  

18.57  
(16.43; 20.72)  

11.48  
(9.95; 13.01)  

15.71  
(13.60; 17.92) 

20.10  
(17.61; 22.58)  

4+  14.84  
(12.99; 16.70)  

20.05  
(17.46; 22.64)  

24.17  
(21.27; 27.08)  

16.14  
(13.98; 18.31)  

21.66  
(18.71; 24.60)  

25.98  
(22.71; 29.25)  

65-70  
   
   

0/1  9.82  
(8.68; 10.97)  

13.07  
(11.42; 14.72)  

17.05  
(15.07; 19.02)  

10.27  
(8.99; 11.55)  

13.63  
(11.82; 15.43)  

17.73  
(15.58; 19.88)  

2/3  13.96  
(12.64; 15.28)  

18.30  
(16.58; 20.02)  

22.35  
(20.40; 24.30)  

14.55  
(13.05; 16.06)  

19.02  
(17.09; 20.95)  

23.17  
(21.00; 25.34)  

4+  19.34  
(17.46; 21.22)  

24.87  
(22.44; 27.30)  

28.61  
(26.01; 31.21)  

20.08  
(17.98; 22.18)  

25.75  
(23.08; 28.41)  

29.56  
(26.72; 32.40)  

70- 74  
   
   

0/1  13.13  
(11.79; 14.46)  

16.67  
(14.81; 18.52)  

20.62  
(18.50; 22.73)  

13.09  
(11.69; 14.48)  

16.62  
(14.70; 18.54)  

20.56  
(18.38; 22.74)  

2/3  18.27  
(16.89; 19.64)  

22.85  
(21.19; 24.51)  

26.59  
(24.78; 28.39)  

18.22  
(16.73; 19.70)  

22.79  
(21.01; 24.57)  

26.52  
(24.60; 28.45)  

4+  24.70  
(22.81; 26.58)  

30.33  
(28.09; 32.57)  

33.45  
(31.13; 35.77)  

24.63  
(22.61; 26.65)  

30.26  
(27.88; 32.64)  

33.38  
(30.92; 35.83)  

75- 79  
   
   

0/1  17.24  
(15.61; 18.88)  

20.94  
(18.72; 23.16)  

24.65 (22.22; 
27.09)  

16.48  
(14.85; 18.10)  

20.06 (17.86; 
22.26)  

23.68 (21.27; 
26.08)  

2/3  23.44  
(21.90; 24.98)  

28.06  
(26.27; 29.85)  

31.26 (29.36; 
33.15)  

22.49  
(20.91; 24.07)  

27.01  
(25.17; 28.85)  

30.14  
(28.21; 32.07)  

4+  30.87  
(28.91; 32.82)  

36.33  
(34.16; 38.51)  

38.62 (36.42; 
40.83)  

29.76  
(27.72; 31.79)  

35.14  
(32.88; 37.40)  

37.40  
(35.13; 39.68)  

80- 84  
   
   

0/1  22.22  
(20.11; 24.33) 

25.89  
(23.09; 28.68) 

29.14 (26.17; 
32.11) 

20.47  
(18.44; 22.51) 

23.96  
(21.25; 26.68) 

 27.07  
(24.19; 29.95) 

2/3  29.44  
(27.53; 31.35) 

33.86 
(31.63; 36.09) 

36.29 (33.98; 
38.61) 

27.36  
(25.44; 29.28) 

31.63  
(29.38; 33.88) 

34.00  
(31.68;36.31)   

4+   37.72  
(35.52; 39.92) 

 42.75  
(40.35; 45.14) 

  44.04 (41.63; 
46.45) 

 35.38  
(33.11; 37.65) 

 40.32  
(37.84; 42.79)  

41.59  
(39.12;44.05)   

85+   
   
   

0/1   28.04  
(25.29; 30.80) 

 31.46  
(27.89; 35.03)  

 34.02 (30.31; 
37.73)  

25.08  
(22.42; 27.73)  

28.30  
(24.84; 31.76)  

30.73  
(27.15; 34.32)  

2/3   36.15  
(33.66; 38.65) 

 40.13  
(37.20; 43.06)  

41.61 (38.61; 
44.62)  

32.77  
(30.26; 35.29)  

36.61  
(33.63; 39.58)  

38.05  
(35.03; 41.06)  

4+  45.04  
(42.41; 47.67)  

49.39 
(46.51; 52.26)  

49.58 (46.68; 
52.48)) 

41.40  
(38.65; 44.15)  

45.69  
(42.67; 48.71)  

45.88  
(42.89; 48.88)  
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Table S2: One year risk of emergency hospital admission predicted by the multivariable model which 

included age group, duration of parkinsonism, gender and study year (for the most recent study year, 

2019, and accounting for gender/age and duration/age interactions.  

 

  Male  Female  

Age  
↓ 

Parkinsonism 
duration → 

<2yr  2-4yr  5+yr  < 2yr  2-4yr  5+yr  

35-64  10.34  
(9.07; 11.60)  

14.34  
(12.55; 16.12) 

18.49  
(16.34; 20.64)  

11.19  
(9.69; 12.70) 

15.45  
(13.36; 17.53)  

19.81  

(17.34; 22.29) 

65-70  14.40  
(13.05; 15.76) 

19.07  
(17.31; 20.83) 

23.19  
(21.19; 25.19) 

14.81  

(13.28; 16.34) 

19.57  

(17.60; 21.53) 

23.75  

(21.54; 25.97) 

70- 74  19.58  

(18.14; 21.03) 

24.78  
(23.06; 26.50)  

28.58  
(26.72; 30.44) 

19.24  
(17.69; 20.79)  

24.38  
(22.54; 26.22)  

28.14  
(26.17; 30.12) 

75- 79  25.91  
(24.29; 27.52)  

31.41  
(29.60; 33.22)  

34.57  
(32.68; 36.46)  

24.51  
(22.85; 26.17) 

29.85  
(27.98; 31.72)  

32.94  
(31.00; 34.88) 

80- 84  33.28  
(31.31; 35.25)  

38.79  
(36.61; 40.97)  

41.03  
(38.78; 43.27)  

30.56  
(28.56; 32.56) 

35.88  
(33.65; 38.12) 

38.07  
(35.80; 40.34)  

85+   41.46  
(38.94; 43.97)  

46.65  
(43.86; 49.44) 

47.78  
(44.93; 50.62)  

37.28  
(34.70; 39.86) 

42.34  
(39.44; 45.24) 

43.45  
(40.53; 46.37) 
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APPENDIX D  
 

 

 

PRIME-Parkinson Cross-sectional study: Participant Information Booklet 

(for adults who can make their own decisions about being in a research study) 

 

We would like to invite you to take part in the PRIME-Parkinson cross-sectional study which has 

been set up by the University of Bristol, together with healthcare professionals at the Royal 

United Hospitals Bath NHS Foundation Trust, who care for people with Parkinson’s.  

Before you decide whether to participate, it is important for you to understand why the study is 

being done and what is involved.  Please take the time to read the following information carefully 

and discuss it with others if you wish.  

Thank you for taking the time to consider whether you could help us by participating.   

 

What is the study about?  

We would like to understand the impact that Parkinson’s disease and related conditions has on 

individual patients and the people who support them.  This will help us to provide services in a 

more effective way and so improve their wellbeing. 

We will recruit people to the study over a 12 month period.  

 

What does taking part in the study involve?  

Taking part in the PRIME-Parkinson cross-sectional study would involve you: 

1) Completing questionnaires at home.  These will be on a range of topics, including symptoms 

which people with Parkinson’s may experience; how any symptoms you experience may 

affect your daily life; your attitudes towards your health.  Many of these questionnaires have 

been designed specially for use in research.  You may have seen some of them before in the 

clinic (for example the Non-Motor Symptoms Questionnaire)  

We can send these questionnaires to you: 



285 
 

o as a paper booklet for you to complete and post back to us (we will include a pre-paid 

envelope) 

OR 

o as a web link by email so that you can complete the questionnaires online  

We can provide large print copies of the questionnaire if needed.  

A friend or family member can help you to fill in the questionnaires so long as you provide 

the answers to the questions. We can also arrange to help you by asking you the questions 

over the telephone.   

Different people will need different amounts of time to complete the questionnaires.  On 

average the questionnaires will take around 2 hours in total to fill in. You can take your time 

completing the questionnaires and do so over a few days.  So far as possible, we would like 

participants to complete all the questionnaires in the booklet.   

2) Agreeing to your questionnaire data being securely stored by the PRIME-Parkinson study 

team and used, for many years, in a ‘pseudo-anonymised’ form by researchers.  The term 

‘pseudo-anonymised’ is explained in the section “What information is collected?”  

 

3) Being contacted in the future by the PRIME-Parkinson study team to ask if you would be 

happy to complete a follow up questionnaire booklet to see how things may have changed.   

 

4) Being contacted in the future by the PRIME-Parkinson study team to let you know about other 

opportunities to be involved in research.  It is completely up to you if you would like to take 

part in further studies or not, and you do not need to decide this now.  

 

Why have I been invited and am I eligible? 

We are inviting all people with Parkinson’s disease and similar conditions (including Parkinson’s 

disease, progressive supranuclear palsy, corticobasal degeneration, multisystem atrophy, Lewy 

Body dementia, vascular parkinsonism), who are under the care of a geriatrician or neurologist 

at the Royal United Hospital, Bath.  We will also include people who have recently had a new 

diagnosis of Parkinson’s.  If you are unsure whether you have one of the conditions listed above, 

you can check with your geriatrician or neurologist.     

You are eligible to take part in the study if you:  

• Are aged 18 years or over 

• Have a diagnosis of parkinsonism, as described above, made by a specialist   

• Are willing to participate  
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You are not eligible to take part in the study if you: 

• Have a diagnosis of parkinsonism caused by certain medications 

If you have or were to develop thinking and memory problems that mean it is difficult for you 

to make decisions about participating in this study, a close friend or family member can give 

us advice about whether you would want to be involved.  They should read the Information 

Booklet ‘for personal consultees of adults who are unable to consent to involvement in the 

research study’.  This can be found in envelope B.   

Can I still take part if I am taking part in another study? 

Yes, you can still take part in this study even if you are currently taking part in another research 

study, so long as you feel you can manage to do both.  

 

Do I have to take part?  

No, it is completely up to you.  

If you do decide to take part you will need to sign the consent form, included with this leaflet 

that shows that you agree to participate. You can withdraw (stop taking part) in the study at any 

time. If you were to withdraw we would ask you why you had made this decision, but you are not 

obliged to tell us. After that we would not contact you again as part of this study but we would 

use the information you had given us up until that point. Your name or other identifiable 

information will not be used. 

If you decide not to take part but have someone who helps/supports you who may want to take 

part, we would like to ask this person five questions about you.  These five questions are your 

gender, age, living situation, type of parkinsonism and year of diagnosis. If you would be happy 

for the person who helps/supports you to provide this information about you, please complete 

form B on the back of their consent form and post this to us.  

Whether or not you decide to take part in this study will not influence your care or treatment.  

 

What should I do if I want to take part? 

In this pack you will find two forms.  

If you would like to join the study, please complete and post to us in the pre-paid envelope: 

• The consent form (pink form).   

• ‘About Me, About my support, Filling in the questionnaire: my needs’ (yellow form) 
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Based on your answers to these forms, we will then send you the questionnaires in whichever 

format you have indicated would suit you the best.  

If you would like to discuss your needs further, please tick option B in question 3 and provide a 

telephone number so we can contact you.   

If you would like to take part but are unable to post the forms to us, please telephone us on 

01225 825797.   

 

Are there any benefits for me in joining the study? 

This study is designed to help healthcare professionals better understand the needs of people 

living with Parkinson’s and similar conditions. Some people feel better for having an opportunity 

to describe and write about their experience of the conditions. Whilst we cannot guarantee that 

taking part in this study will directly help you, it will help us to better understand the needs of 

people with Parkinson’s disease and the people who support them.  This information will be used 

to re-design services to care for people with Parkinson’s disease, which should benefit people 

with Parkinson’s disease in future. 

 

Are there any risks for me in joining the study?  

You may find some of the questionnaire items to be quite personal, for example questions about 

your recent thoughts and feelings.  Some questions concern intimate topics such as sexual 

activity, bladder and bowel function.   

It is possible that filling in the questionnaires could raise an issue or concern for you.  If this 

happens, you should discuss this with the specialist who looks after your Parkinson’s disease.  

You can also call the study team on 01225 825797 to discuss any concerns you might have.  

 

What information is collected? 

Some of the study team will need to know your name and contact details so that we can contact 

you to send you questionnaires.  This information, which can identify you, is known as personal 

data.   

The study team will record the information from the questionnaires that you complete and will 

combine it with the information from everyone else in the study. This recorded information is 

called research data.   
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Most of the study team will not need to know your personal data such as your name.  In these 

cases, someone will remove your name from the research data and replace it with a code 

number.  This is called ‘pseudo-anonymised’ data.  This means that your research data will be 

anonymous to the researchers but the code can be linked back to your personal data if needed.  

 

What happens to the information provided? 

The research data will be confidential.  We will store your pseudo-anonymised questionnaire 

data in password-protected files which will only be accessible from University of Bristol and Royal 

United Hospital, Bath computers.  Paper questionnaires will be stored in a locked cabinet in a 

locked office at the University of Bristol.   

The study team will use the data to understand the characteristics and needs of people with 

Parkinson’s disease and the people who support them.   

We may use your stored pseudo-anonymised data for future medical and health-related studies. 

Your personal details (name, email address, postal address and telephone number) will be used 

only for this study and will not be kept beyond the conclusion of the study unless you have 

indicated that you wish to be contacted about future studies.  

The study is being undertaken in full compliance with data protection legislation, specifically 

Article 6.1(e) of the General Data Protection Regulation, as it is covered by a public task, and 

Article 9.2(j) as it relates to scientific research. 

The University of Bristol will be the data controller for this study.  You can find out more about 
how the University ensures information is handled appropriately here: 
http://www.bristol.ac.uk/secretary/data-protection/policy/research-participant-fair-
processing-notice/ 
 

What happens if the study team have any concerns about a 

participant? 

If any answer in the completed questionnaires raises a concern about your wellbeing, we would 

initially help you to access further care from a relevant professional.  If we felt that you were at 

significant risk, we may need to contact the relevant clinical or social care team on your behalf, 

but we would inform you that we were doing this.   

 

 



289 
 

Will my data be used in future research?  

When you agree to take part in a research study, the pseudo-anonymised information about your 

health and care may be provided to researchers running other research studies in this 

organisation and in other organisations. These organisations may be universities, NHS 

organisations or companies involved in health and care research in this country or abroad. Your 

information will only be used by organisations and researchers to conduct future research in 

accordance with the UK Policy Framework for Health and Social Care Research. 

This information will not identify you and will not be combined with other information in a way 

that could identify you. We may share your ethnicity (if provided) and pseudo-anonymised health 

data recorded as part of the study. The information will only be used for health and care research 

and cannot be used to contact you or to affect your care. It will not be used to make decisions 

about future services available to you, such as insurance. 

 

What happens if I have any concerns about how my personal 

data is handled? 

If you have any concerns about how your personal data is being handled in the study, you can 

contact the Data Protection Officer at the University of Bristol: 

Email: data-protection@bristol.ac.uk or telephone: 0117 3941824 

If you have concerns, you have the right to complain to the Information Commissioner’s Office 

(ICO).  Further details can be found at www.ico.org.uk. 

 

What will happen to the results of the study? 

When the study has ended, the results will be presented at scientific conferences and other 

relevant meetings and will be submitted for publication in medical journals. When we share the 

results of key findings, we will upload a summary to the PRIME-Parkinson website. 

 

Who is organising and funding the study? 

The PRIME-Parkinson cross-sectional study has been set up by the University of Bristol in 

collaboration with the Royal United Hospital, Bath. The research is being funded by the Gatsby 

Foundation.  This study is part of a PhD project.   
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Who has approved the study? 

All research in the NHS is reviewed by an independent group of people, called a Research Ethics 

Committee, which is there to protect your safety, rights, wellbeing and dignity. The study has 

been reviewed and approved by London - Brighton & Sussex Research Ethics Committee and 

given the reference 20/LO/0890.   

 

What if there is a problem? 

If you wish to complain, or have any concerns about the way you have been approached or 

treated during the course of this study, you should contact the RUH research team by email: ruh-

tr.researchopu@nhs.net or telephone: 01225 825797.  You can also contact the Patient Advice 

and Liaison Service in the first instance:  

 Head of PALS 
RUH Bath NHS Trust 
Combe Park 
Bath  
BA1 3NG 
01225 825656 
Ruh-tr.PALS@nhs.net 

 

Who do I contact if I have any questions?  

If you have any concerns or questions about anything to do with the PRIME-Parkinson cross-

sectional study or if there is anything in this participant information booklet that you do not 

understand, please telephone 01225 825797 (Monday to Friday: 9:00 – 17:00). 

 

Thank you for considering helping us with this important study. 

 

 

 

  

mailto:ruh-tr.researchopu@nhs.net
mailto:ruh-tr.researchopu@nhs.net
mailto:Ruh-tr.PALS@nhs.net
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PRIME-Parkinson Cross-sectional study Information Booklet 

(for personal consultees of adults who are unable to consent to involvement in the 

research study) 

 

We would like to invite your friend/relative to join the PRIME-Parkinson cross-sectional study 

which has been set up by the University of Bristol together with healthcare professionals at the 

Royal United Hospitals Bath NHS Foundation Trust.  You may be reading this Information 

Booklet because your relative/friend is unable to decide for themselves whether to participate 

in the PRIME-Parkinson study.   

We would like to ask your opinion on whether your relative/friend would want to take part.  

This will help us to decide if they should join the study.  By giving us your opinion, you take on 

the role of what’s called a ‘personal consultee’.  This role is described below.  

 

Who can be a personal consultee? 

If somebody is unable to decide for themselves whether to participate in research, it is 

important for us to find out about their current and previously expressed wishes and feelings.  

A ‘personal consultee’ is someone who knows the individual in a personal capacity.  The 

personal consultee advises the researcher about the person’s wishes and feelings in relation to 

the study.  The researchers use this advice to decide if the person should join the study.  The 

personal consultee must be able to understand the information about the study.  

The personal consultee is usually a family member, caregiver or friend, who the person trusts 

with important decisions about their health and wellbeing.  The personal consultee may be 

acting under a Lasting Power of Attorney (LPA), but does not have to be.  The personal 

consultee must not be acting in a professional capacity or paid to care for the person, for 

example care home staff or the person’s GP.   
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What do I need to do as personal consultee?  

We ask you to consider what you know of your friend/relative’s wishes and feelings and to 

consider their interests.  Please let us know of any advance decisions they may have made 

about participating in research, which we would follow.   

You are not being asked for your own personal views on participation in this specific study or 

research in general.  You are being asked to consider the views and interests of the person who 

is unable to decide about the study for themselves.   

You are not being asked to consent on behalf of your friend/relative but to advise the research 

team about their wishes and feelings. If you advise us that the person would not want to be in 

the study, we will respect this.   

If you are unsure about taking on the role of consultee you may be able to suggest someone 

else who is close to the person who could give us advice.  We will understand if you do not 

want to take on this responsibility.  

 

Before you decide whether your friend/relative would wish to participate, it is important for 

you to understand why the study is being done and what is involved.  Please take the time to 

read the following information carefully and discuss it with others if you wish.  

The information is the same as your relative/friend would receive if they were able to consent 

to the study. 

Thank you for taking the time to consider whether your friend/relative would want to take part 

in the PRIME-Parkinson cross-sectional study.  

 

What is the study about?  

We would like to understand the impact that Parkinson’s disease and related conditions has on 

individual patients and the people who support them.  This will help us to provide services in a 

more effective way and so improve their wellbeing. 

We will recruit people to the study over a 12 month period.  
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What does taking part in the study involve for my 

friend/relative?  

Taking part in the PRIME-Parkinson study would involve: 

1)  You, or someone else close to the person, completing questionnaires about the person 

with Parkinson’s disease on their behalf, as their representative.  These can be completed at 

home. The questions will be on a range of topics, such as the lifestyle, medications, 

wellbeing and ability to perform daily activities of the person with Parkinson’s.  The person 

with Parkinson’s will not have to complete any questionnaires.  In many cases the personal 

consultee, who signs the consultee declaration form, will also be the representative who 

fills out the questionnaires.   

We can send these questionnaires to the representative: 

o as a paper booklet for the representative to complete and post back to us (we will 

include a pre-paid envelope) 

OR 

o as a web link by email so that the representative can complete the questionnaires 

online  

The representative can take their time completing the questionnaires and does not have to 

complete the questionnaires on one occasion; they can have a break and return to the 

questionnaires at a later point.  We can arrange to help the representative to complete the 

questionnaires over the telephone.   

Different people will need different amounts of time to complete the questionnaires.  On 

average the questionnaires will take around 1 hour in total to fill in. The representative can take 

their time completing the questionnaires and do so over a few days. So far as possible, we 

would like the representative to complete all the questionnaires in the booklet.   

 

2) The PRIME-Parkinson study team storing your friend/relative’s questionnaire data and 

researchers using it, for many years, in a pseudo-anonymised form.  The term ‘pseudo-

anonymised’ is explained in the section “What information is collected?” 

 

3) The representative being contacted in the future by the PRIME-Parkinson study team to ask 

if they would be happy to complete a follow up questionnaire booklet to see how things 

have changed for the person with Parkinson’s. 

 

4) You, as personal consultee, being contacted in the future by the PRIME-Parkinson study 

team, to invite your relative/friend to participate in future research studies.  
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Why has my friend/relative been invited and are they eligible? 

We are inviting all people with Parkinson’s disease and similar conditions (including Parkinson’s 

disease, progressive supranuclear palsy, corticobasal degeneration, multisystem atrophy, Lewy 

Body Dementia, vascular parkinsonism) who are under the care of a geriatrician or neurologist 

Royal United Hospitals Bath NHS Foundation Trust. We will also include people who have 

recently had a new diagnosis of Parkinson’s.  If you are unsure whether your friend/relative has 

one of the conditions listed above, you can check with their geriatrician or neurologist.      

Your friend/relative is eligible to take part in the study if they:  

• Are aged 18 or over 

• Have a diagnosis of parkinsonism, as described above, made by a specialist   

and you, as the personal consultee, feel that your friend/relative would wish to participate, 

and complete the Consultee Declaration Form to indicate this.  

Your friend/relative is not eligible to take part in the study if they: 

• Have a diagnosis of parkinsonism caused by certain medications.  

 

Can my friend/relative still take part if they are taking part in 

another study? 

Yes, they can still take part in this study even if they are currently taking part in another 

research study, so long as a close family member or friend can fill in the questionnaires as their 

representative. 

 

Does my friend/relative have to take part?  

No, we would like you to advise the research team about the wishes and feelings of your 

friend/relative. If you advise us that the person would not want to be in the study, we will 

respect this.  You can advise us at any time if you think that your friend/relative would no 

longer wish to be involved and we will withdraw them from the study (so they stop taking part).  

If they are withdrawn from the study, we would ask you the reason for this decision, but you 

are not obliged to tell us. After that we would not contact you or your friend/ relative again as 

part of this study but we would use the information given to us about your friend/ relative up 

until that point.  

If your relative/friend is withdrawn from the study, his or her care and treatment will not be 

affected.  



295 
 

What should I do if I think my friend/relative would want to take 

part? 

In this pack you will find two forms.  

If you feel that your friend/relative would be happy to join the study, please complete: 

•  The consultee declaration form (blue form)  

•  ‘My relationship to the person with Parkinson’s, who will be the representative, the 

needs of the representative’ (purple form)  

If you are unable to post the forms to us, or the representative needs additional support to 

complete the questionnaires, please telephone us on 01225 825797. 

 

Are there any benefits for my friend/relative in joining the 

study? 

This study is designed to help healthcare professionals better understand the needs of people 

living with Parkinson’s-like conditions.  Whilst we cannot guarantee that taking part in this 

study will directly help your friend/relative, it will help us to better understand the needs of 

people with Parkinson’s disease and the people who support them.  This information will be 

used to re-design services to care for people with Parkinson’s disease, which should benefit 

people with Parkinson’s disease in future. 

Are there any risks for my friend/relative in joining the study?  

There are no anticipated risks to your friend/relative from participating in this questionnaire 

study.  Some of the questions may touch on topics which could be upsetting for someone who 

is close to a person with Parkinson’s disease.  For example, there are questions about 

potentially distressing symptoms which your friend/relative may experience, such as 

agitation/aggression. 

If filling out these questionnaires raises any concerns for you as the representative, you can call 

the study team on 01225 825797. Here are some useful contact details of services which will 

also be happy to help you: 

Parkinson’s UK helpline: 0808 800 0303 

RUH Carer Hub: 07709 195 314 

Dementia UK Admiral Nurse helpline: 0800 888 6678 
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What information is collected? 

Some of the study team will need to know your friend/relative’s name and contact details, as 

well as those of the representative, so that we can contact you to send you questionnaires.  

This information, which can identify you or your friend/relative, is known as personal data.   

The study team will record the information from the questionnaires which the representative 

completes and will combine it with the information from everyone else in the study. This 

recorded information is called research data.   

Most of the study team will not need to know your friend/relative’s personal data such as their 

name.  In these cases, someone will remove their name from the research data and replace it 

with a code number. This is called ‘pseudo-anonymised’ data.  This means that their research 

data will be anonymous to the researchers but the code can be linked back to their personal 

data if needed.  

 

What happens to the information provided? 

The research data will be confidential.  We will store the pseudo-anonymised questionnaire 

data about your friend/relative in password-protected files which will only be accessible from 

University of Bristol and Royal United Hospital, Bath computers.  Paper questionnaires will be 

stored in a locked cabinet in a locked office at the University of Bristol.   

The study team will use the data to understand the characteristics and needs of people with 

Parkinson’s disease and the people who support them.   

We may use your friend/relative’s stored pseudo-anonymised data for future medical and 

health-related studies. 

The personal details (name, email address, postal address and telephone number) of you and 

your friend/relative will be used only for this study and will not be kept beyond the conclusion 

of the study unless you have indicated that you wish to be contacted about future studies.  

The study is being undertaken in full compliance with data protection legislation, specifically 

Article 6.1(e) of the General Data Protection Regulation, as it is covered by a public task, and 

Article 9.2(j) as it relates to scientific research. 

The University of Bristol will be the data controller for this study.  You can find out more about 
how the University ensures information is handled appropriately here: 
http://www.bristol.ac.uk/secretary/data-protection/policy/research-participant-fair-processing-notice/ 
 

http://www.bristol.ac.uk/secretary/data-protection/policy/research-participant-fair-processing-notice/
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What happens if the study team have any concerns about a 

participant? 

If any answer in the completed questionnaires raises a concern about your friend/relative, we 

would initially discuss with the personal consultee or representative to help them to access 

further care from a relevant professional.  If we felt that your friend/relative was at significant 

risk, we may need to contact the relevant clinical or social care team on their behalf, but we 

would inform the personal consultee or representative that we were doing this. 

 

Will my friend/relative’s data be used in future research?  

When you agree for your friend/relative to take part in a research study, the pseudo-

anonymised information about their health and care may be provided to researchers running 

other research studies in this organisation and in other organisations. These organisations may 

be universities, NHS organisations or companies involved in health and care research in this 

country or abroad. Their information will only be used by organisations and researchers to 

conduct future research in accordance with the UK Policy Framework for Health and Social Care 

Research. 

This information will not identify your friend/relative and will not be combined with other 

information in a way that could identify them. We may share their ethnicity (if provided) and 

anonymised health data recorded as part of the study. The information will only be used for 

health and care research and cannot be used to contact your friend/relative or to affect their 

care. It will not be used to make decisions about future services available to your 

friend/relative, such as insurance. 

What happens if I have any concerns about how my 

friend/relative’s personal data is handled? 

If you have any concerns about how your friend/relative’s personal data is being handled in the 

study, you can contact the Data Protection Officer at the University of Bristol: 

Email: data-protection@bristol.ac.uk or telephone: 0117 3941824 

If you have concerns, you have the right to complain to the Information Commissioner’s Office 

(ICO).  Further details can be found at www.ico.org.uk. 

 

 

 

http://www.ico.org.uk/
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What will happen to the results of the study? 

When the study has ended, the results will be presented at scientific meetings and will be 

submitted for publication in medical journals. When we share the results of key findings, we 

will upload a summary to the PRIME-Parkinson website.   

 

Who is organising and funding the study? 

The PRIME-Parkinson cross-sectional study has been set up by the University of Bristol in 

collaboration with the Royal United Hospital, Bath. The research is being funded by the Gatsby 

Foundation. This study is part of a PhD project. 

 

Who has approved the study? 

All research in the NHS is reviewed by an independent group of people, called a Research Ethics 

Committee, which is there to protect your safety, rights, wellbeing and dignity. The study has 

been reviewed and approved by London - Brighton & Sussex Research Ethics Committee and 

given the reference 20/LO/0890.   

 

What if there is a problem? 

If you wish to complain, or have any concerns about the way you have been approached or 

treated during the course of this study, you should contact the RUH research team by email: 

ruh-tr.researchopu@nhs.net or telephone: 01225 825797.  You can also contact the Patient 

Advice and Liaison Service in the first instance:  

 Head of PALS 
RUH Bath NHS Trust 
Combe Park 
Bath  
BA1 3NG 
01225 825656 
Ruh-tr.PALS@nhs.net 

 

Who do I contact if I have any questions?  
 

If you have any concerns or questions about anything to do with the PRIME-Parkinson study or 

if there is anything in this information booklet that you do not understand, please telephone 

01225 825797 (Monday to Friday: 9:00 – 17:00).  

Thank you for considering helping us with this important study.  

mailto:ruh-tr.researchopu@nhs.net
mailto:Ruh-tr.PALS@nhs.net
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APPENDIX G 
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APPENDIX H 

 

PRIME Parkinson Cross-Sectional Study 

Process for dealing with concerns relating to possible suicidality/severe depression which arise 

when study participant returns the Beck Depression Inventory (BDI-II) 
 

BDI-II Q9: suicidal thoughts or wishes  

Answer 0 OR Answer 1- “I have thoughts about killing myself but I would not carry them out” 

→ no action required BUT please check overall BDI score (see below) 

 

Answer 2- “I would like to kill myself” OR Answer 3- “I would kill myself if I had the chance”  

- Inform the study CI or sub investigator 

- Contact participant on the day the questionnaire is received, stating (if it feels appropriate) that 

the study doctor will be happy to call if they prefer 

o explain that you are concerned about their response to the question and are ensuring 

that they are safe and can access help and support.  

o If a participant who has circled ‘2’ now decides that ‘1’ better reflects their feelings, see 

procedure in box C; if they do not downgrade their response, continue with this process 

in box B 

o Signpost them to immediate support from Samaritans (116 123) and the website 

www.stayingsafe.net/ST/ 

o Ask them to make contact with their GP as soon as possible to discuss this further  

o Inform them that we have a duty of care to share this information with the Primary Care 

Liaison Service (PCLS) 

- Please complete the PCLS (triage) referral form (select URGENT referral- ‘within 72 hours’ on 

page 1; select ‘Not known’ on p4/5 if information not available to you) and email it to the 

relevant team  

o For questions requiring results from the GP system, please enter ‘not available’ and state 

the referral is from the research team 

- Contact the appropriate PCLS team (Mon-Fri 8am-6pm) based on the participant’s GP: 

BANES 01225 371480 awp.banespclsreferralschecked@nhs.net 

Wilts N 01380 737840 awp.pclnorthwiltsadminteam@nhs.net 

Wilts S 01722 820372 Polly.sturgess@nhs.net 

South Glos 0117 378 7960 To be obtained 

Mendip  01749 836600 To be obtained 
 

A 

B 

http://www.stayingsafe.net/ST/
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- Email letter to GP (see template) on the same day, outlining the action taken above. Copy it to 

the PD specialist and patient.  Save letter on Millennium.  

 

Answer 2 changed to answer 1 for Q9  

- Enter a score of 2 on REDCap as per their original answer  

- Enter a file note to record that they adjusted their score to 1 during the telephone conversation 

- Signpost them to support from their GP, Samaritans (116 123) and the website 

www.stayingsafe.net/ST/ 

- There is no need to complete the PCLS form or to call the PCLS team (as detailed in box B)  

- Please check the overall BDI score and follow the guidance below if score is indicative of severe 

depression 

 

 

 

BDI-II overall score  

Please calculate the total score for the BDI-II questionnaire  

Total BDI-II score  Depression  

0- 13 Minimal range 

14- 19 Mild range  

20 -28 Moderate range  

29- 63 Severe range  

 

If BDI-II question 9 is scored as 2 or 3 → action as above (regardless of total score) 

 

If total score is 29- 63 (severe depression) and the participant gave answer 0 or 1 in response to BDI-II 

Q9, please take the following action: 

− Contact participant on the day the questionnaire is received 

o Explain that you are concerned about their responses to the depression questionnaire 

and are ensuring that they are safe and can access help and support  

o Encourage them to discuss their mood with their GP or another healthcare professional 

as soon as possible  

o Inform them that we have a duty of care to share this information with their GP and PD 

specialist  

− Email letter to GP (see template) on the same day, outlining the action taken above. Copy it to 

the PD specialist and patient.   

− Save letter on Millennium. 

  

C 

http://www.stayingsafe.net/ST/
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Template letter to be emailed to GP and PD specialist  

- Text in blue should be modified/deleted as appropriate 

- Text in red should be included if the participant gave answer 2 or 3 in response to Beck Q9  

 

 

Dear [GP (cc MD specialist, cc MD team)] 

  

[Name of patient] is participating in the PRIME-Parkinson Cross-sectional study (participant information 

booklet enclosed) and we have received some questionnaire responses. The overall summary score for 

the Beck Depression Inventory (BDI-II) is [insert score between 0- 63] which is considered to be in the 

minimal/mild/moderate/severe [delete as appropriate] range. 

  

[OPTIONAL- delete if answer to Q9 is 0 or 1] Important: We have noted that they answered in the 

affirmative to question 9 which indicates suicidal thought and intent.   

  

We have telephoned [name of patient and / or their NOK] and offered the following input and advice: 

  

− We have explained that we are concerned about their response to these questions and are 

ensuring that they are safe and can access help and support. 

− [OPTIONAL- delete if answer to Q9 is 0 or 1]. We have signposted them to immediate support 

from Samaritans via telephone number 116 123 and via the website: www.stayingsafe.net/ST/ 

and we have informed the BANES/Wilts N/Wilts S/South Glos/Mendip [delete as appropriate] 

Primary Care Liaison Service by email and telephone.  

− We have asked [name of patient or NOK] to make contact with you to discuss this further 

− We have informed them we have a duty of care to share this information with you as their 

primary care clinician.   

  

Please contact us on 01225 825797 if we can offer any further background information, including copies 

of any questionnaire assessments completed. 

 

Kind regards,  

[Name]  

on behalf of E. Tenison (Chief Investigator) 
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APPENDIX I 
 

FRAILTY CALCULATOR ALGORITHM [1]. 

 

The predicted DFactor score for males was determined as follows: 

 

𝑪𝒍𝒖𝒔𝒕𝒆𝒓 𝑴𝟏 =  10.6623 + (−1.47917) × 𝑓𝑎𝑡𝑖𝑔𝑢𝑒 + (−1.41729) × 𝑙𝑜𝑤 𝑎𝑝𝑝𝑒𝑡𝑖𝑡𝑒 

+ (−2.49931) × 𝑤𝑒𝑎𝑘𝑛𝑒𝑠𝑠 + (2.14484) × 𝑔𝑎𝑖𝑡1 + (−0.380793) × 𝑔𝑎𝑖𝑡2

+ (−2.50745) × 𝑔𝑎𝑖𝑡3 + (0.743403) × 𝑔𝑎𝑖𝑡4 + (−0.900943) × 𝑝ℎ𝑦𝑠𝑖𝑐𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦

+ (−0.0992256) × 𝑎𝑔𝑒 

 

𝑪𝒍𝒖𝒔𝒕𝒆𝒓 𝑴𝟐 =  (1.77965)  + (6.9299𝑒−11) × 𝑓𝑎𝑡𝑖𝑔𝑢𝑒 + (1.53326𝑒−10) × 𝑙𝑜𝑤 𝑎𝑝𝑝𝑒𝑡𝑖𝑡𝑒 

+ (1.17227𝑒−10) × 𝑤𝑒𝑎𝑘𝑛𝑒𝑠𝑠 + (−5.6775𝑒−11) × 𝑔𝑎𝑖𝑡1 

+ (1.87143𝑒−11) × 𝑔𝑎𝑖𝑡2 +  (3.50538 𝑒−11 × 𝑔𝑎𝑖𝑡3 +  (3.00685𝑒−12) × 𝑔𝑎𝑖𝑡4 

+ (−5.57989 𝑒−11) × 𝑝ℎ𝑦𝑠𝑖𝑐𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 + (−5.40495 𝑒−12) × 𝑎𝑔𝑒 

 

𝑪𝒍𝒖𝒔𝒕𝒆𝒓 𝑴𝟑 =  (−12.442) + (1.47917) × 𝑓𝑎𝑡𝑖𝑔𝑢𝑒 + (1.41729) × 𝑙𝑜𝑤 𝑎𝑝𝑝𝑒𝑡𝑖𝑡𝑒 

+ (2.49931) × 𝑤𝑒𝑎𝑘𝑛𝑒𝑠𝑠 + (−2.14484) × 𝑔𝑎𝑖𝑡1 + (0.380793) × 𝑔𝑎𝑖𝑡2 

+ (2.50745) × 𝑔𝑎𝑖𝑡3 + (−0.743403) × 𝑔𝑎𝑖𝑡4 + (0.900943) × 𝑝ℎ𝑦𝑠𝑖𝑐𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 

+ (0.0992256) × 𝑎𝑔𝑒 

 

 

 

 

𝐷𝐹𝑆(𝑚𝑎𝑙𝑒𝑠) = 0.5 × (
𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑀2−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑁

𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑀1−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑀 + 𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑀2−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑁 + 𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑀8−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑀)

+
𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑀8−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑁

𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑀2−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑀 + 𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑀2−𝑚𝑖𝑛𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑀 + 𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑀3−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑀
 

 

Where maxClusterM = maximum value between Cluster M1, Cluster M2, and Cluster M3  

𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑀 =  𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝐶𝑙𝑢𝑠𝑡𝑒𝑟 𝑀1, 𝐶𝑙𝑢𝑠𝑡𝑒𝑟 𝑀2, 𝑎𝑛𝑑 𝐶𝑙𝑢𝑠𝑡𝑒𝑟 𝑀3  

 

  



312 
 

The predicted DFactor score for females was determined as follows: 

 

𝑪𝒍𝒖𝒔𝒕𝒆𝒓 𝑭𝟏 =  (11.4557) +  (−1.19002) × 𝑓𝑎𝑡𝑖𝑔𝑢𝑒 + (−1.0991) × 𝑙𝑜𝑤 𝑎𝑝𝑝𝑒𝑡𝑖𝑡𝑒 

+ (−2.223) × 𝑤𝑒𝑎𝑘𝑛𝑒𝑠𝑠 +  (2.17022) × 𝑔𝑎𝑖𝑡1 +  (−0.470775) × 𝑔𝑎𝑖𝑡2 

+ (−2.24213) × 𝑔𝑎𝑖𝑡3 +  (0.542693) × 𝑔𝑎𝑖𝑡4 + (−1.06816) × 𝑝ℎ𝑦𝑠𝑖𝑐𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 

+ (−0.103516) × 𝑎𝑔𝑒  

 

𝑪𝒍𝒖𝒔𝒕𝒆𝒓 𝑭𝟐 =  (1.77106) + (−2.22885𝑒−11) × 𝑓𝑎𝑡𝑖𝑔𝑢𝑒 + (−2.51367𝑒−12) × 𝑙𝑜𝑤 𝑎𝑝𝑝𝑒𝑡𝑖𝑡𝑒 

+ (−6.57505𝑒−12) × 𝑤𝑒𝑎𝑘𝑛𝑒𝑠𝑠 + (1.53203𝑒−11) × 𝑔𝑎𝑖𝑡1 

+ (−1.02629𝑒−11) × 𝑔𝑎𝑖𝑡2 +  (−7.57729𝑒−12) × 𝑔𝑎𝑖𝑡3 + (2.51986𝑒−12) × 𝑔𝑎𝑖𝑡4 

+ (−7.54688𝑒−11) × 𝑝ℎ𝑦𝑠𝑖𝑐𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 + (−4.54363𝑒−12) × 𝑎𝑔𝑒  

 

"𝑪𝒍𝒖𝒔𝒕𝒆𝒓 𝑭𝟑 =  (−13.2267) + (1.19002) × 𝑝𝑡_𝑠ℎ𝑎𝑟𝑒1_𝑓𝑎𝑡𝑖𝑔𝑢𝑒 + (1.0991) ∗ 𝑝𝑡_𝑠ℎ𝑎𝑟𝑒2_𝑏𝑖𝑛𝑎𝑟𝑦 

+ (2.223) ∗ 𝑝𝑡_𝑤𝑒𝑎𝑘𝑛𝑒𝑠𝑠_𝑦𝑛 + (−2.17022) ∗ 𝑔𝑎𝑖𝑡1 + (0.470775) ∗ 𝑔𝑎𝑖𝑡2 

+ (2.24213) ∗ 𝑔𝑎𝑖𝑡3 + (−0.542693) ∗ 𝑔𝑎𝑖𝑡4 + (1.06816) ∗ 𝑝𝑡_𝑠ℎ𝑎𝑟𝑒5_𝑝𝑎 

+ (0.103516) ∗ 𝑎𝑔𝑒"  

 

𝐷𝐹𝑆(𝑓𝑒𝑚𝑎𝑙𝑒𝑠) = 0.5 (
𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹2−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹

𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹1−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹 + 𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹2−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹 + 𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹3−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹)

+
𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹3−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹

𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹1−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹 + 𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹2−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹 + 𝑒𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹3−𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹
 

 

Where, maxClusterF = maximum value between ClusterF1, ClusterF2 and ClusterF3  

𝑚𝑎𝑥𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹 =  𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹1, 𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹2 𝑎𝑛𝑑 𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝐹3 

 

 

1. Romero-Ortuno R, Soraghan C. A Frailty Instrument for primary care for those aged 75 years or more: 

findings from the Survey of Health, Ageing and Retirement in Europe, a longitudinal population-based 

cohort study (SHARE-FI75+). BMJ Open. 2014;4(12):e006645  
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Purpose and Scope 

This SOP describes how the Bangor Goal-setting interview (BGSI) will be used within the PRIME RCT, 

including the baseline visit and the 3 monthly phone calls to reassess goal attainment.  

It is adapted from the “Bangor Goal-Setting Interview Manual: Setting goals with the BGSI Version 2”. 

The text in blue is a suggested ‘script’ to guide the interview, and the text is also available within the 

relevant REDCap instrument, but the wording does not have to be followed exactly.  

 

The procedure for using the Bangor Goal-Setting Interview as 

described in appendix 1 of the RCT protocol  

The goal setting process will be prompted to participants prior to visit 1. When they are contacted by 

telephone to arrange the visit 1, potential participants will be asked to begin thinking about 

activities/domains they may like to specify as goals.  

As part of the consent process at the baseline visit, the participant will be reminded that only 

those individuals randomised to the PRIME-Parkinson intervention group will receive specific 

support/help to achieve their goals and that there is a 1 in 2 chance of them being randomised 

to each of the 2 groups.  

The BGSI, which takes place prior to randomisation, will involve a conversation between the 

interviewer (who can be a clinician or allied health professional from the PRIME team) and the 

participant. The aim is to set 3-5 goals. For each goal the following steps will be followed:  

Step 1: Identifying an area to work on 

Participants will identify an area for improvement that they would like to address from within 

the 3 domains, described in section 8: 1) staying physically well, 2) psychosocial and 3) 

managing disease.       

Step 2: Setting goals  

Having identified the domain the participant would like to work on, the participant will be 

invited to describe their specific goal within this area.  

In the BGSI manual, goals are described as “brief statements about a behaviour or response 

that the person wishes to carry out or achieve”.  

Participants  may be encouraged to set both short- and long-term goals, although the former 

may be more appropriate if prognosis if suspected to be somewhat limited. The goals can be 
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stated as aspirational goals (things that they want to increase, take up, change) or maintenance 

goals (something they want to maintain overtime in the context of a having a 

neurodegenerative disease). The majority of the goals are expected to be aspirational.  

The interviewer will work with the participant and, where relevant, their caregiver to ensure 

the goal follows ‘SMART’ principles.  This means the goal needs to be Specific, Measurable, 

Achievable, Relevant/Reasonable and Time-bound.   

The interviewer will guide the participant to ensure the goal is realistic for the time period of 

the intervention, as well as achievable for them in the context of their disease (stage of 

Parkinson’s and any other comorbidities) and any level of impairment. It may be more 

appropriate to work on ways of dealing with the consequences of an impairment, than to aim 

to entirely remove the problem.  

If a participant is unable to participate fully in the process of goal-setting due to cognitive 

impairment, their representative will help to set goals on behalf of the patient participant. The 

interviewer will try to involve the participant in this process as much as possible. These goals 

should still be from the perspective of the patient participant (rather than the representative’s 

goals as a caregiver) and should be based on the representative’s knowledge of what is 

important to the person with parkinsonism.   

The interviewer will then agree the ‘goal attainment descriptors’ with the participant or their 

representative.  This will allow any change over time to be calibrated against the attainment 

score given at baseline. The current level of attainment is 0%, 100% represents full achievement 

of the goal and 25, 50 and 75% represent degrees of achievement along that spectrum. It is 

expected that all goals have a 50% attainment descriptor, with the 25 and 75% descriptors 

more optional depending on the goal in question.  

Step 3: Rating a) current goal attainment, and b) perceived importance and motivation to 

change 

Participants will be asked to describe their current level of attainment for each goal using a 10-

point Likert scale where 1 is ‘cannot do or am not doing successfully’ and 10 is ‘can do and am 

doing very successfully’. A visual representation of the scale will be used to aid to scoring 

process.  

N.B. It is this value that is used to calculate the primary outcome measure. 

If the participant has a caregiver who can accompany them to the baseline visit, they will also 

be asked to separately rate attainment as an ‘informant’ 
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If a participant has advanced cognitive impairment such that they are unable to score their 

current level of attainment, only their caregiver/representative will rate their current 

attainment as the informant.  

After rating the current attainment, participants will be asked to rate the importance on a scale 

of 1 (not important at all to achieve this goal) to 10 (extremely important to achieve this goal) 

and also to rate the goal on how achievable they think it will be for them from 1 (not at all 

achievable) to 10 (extremely achievable). The importance and achievability ratings will only be 

completed at the initial interview and not when goal attainment is subsequently assessed.  

Step 4:  Follow up of goal attainment  

Participants will be followed up by telephone at 3 monthly intervals over the 2 year trial 

duration. 

The follow-up will be conducted by a blinded assessor and ahead of this call/visit the participant 

will be reminded not to reveal their allocated trial arm to the assessor.  

At each follow-up the assessor will ask the participant to: 

1. Describe their current activity in relation to each goal 

2. Match this to the goal descriptors set during step 2 of the goal-setting interview at the 

baseline visit. 

The participant will be reminded of their attainment rating (1-10) given at baseline, but not of 

subsequent 3 monthly attainment ratings.   

The overall aim is to see how their attainment score (1-10) changes over time. The baseline 

attainment  score is therefore provided at each follow up call to allow actual change at each 

follow up point (determined from discussion) to be matched to the % descriptor change (set at 

baseline) to allow calibration of change from baseline score (1-10).  

At the 12 month follow up, the participant can choose to continue working on the same goal(s) 

in order to try to improve further or to continue to maintain that level of attainment. If they 

prefer, they can select a new goal to replace an existing goal (following the process described in 

step 2).  
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Process for using BGSI in PRIME  

 

STEP 1: Identifying an area to work on  

(adapted from p7 and appendix 5 of BGSI) 

 

“Parkinson’s (Lewy body dementia/PSP/MSA etc) can impact on daily life in various ways. There are 

different things that people may want to change to make their lives more enjoyable. 

We are asking everyone taking part in this trial to come up with several goals that they would like to 

achieve. A goal might be something that you currently find difficult to do and wish you could do more 

easily, or without getting frustrated. Or a goal might be something that you are currently not doing and 

would like to do more of. Or it might be something that you would like to learn how to do. We 

suggested during the phone call before this visit that you might begin to think of some areas you would 

like to focus on- have you had any thoughts?” 

 

It may help to give some examples of goals which people might set (see figure 1) or to use the laminated 

sheet to guide the participant to think about their routine and activities they enjoy (see figures 2 and 3).  

 

 

Figure 1: example of goals which participants may set (reproduced from Bangor Goal-Setting Manual)  
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Figure 2: suggested questions to prompt participants to think about areas of their life in which they may 

wish to set a goal (note that, in the first question, the words ‘memory problems’ should be replaced by, 

for example ‘because of your Parkinson’s or other health problems’.) 
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Figure 3a: Example questions to guide an interview about the domain: A) everyday tasks, 

Guidance 

If needed, prompt about potential areas in which goals could be set:  

- Diet 

- Physical activity 

- Mental activities 

- Social contacts and interacting with other people  

- Day-to-day routine and tasks 

- Participation in, and enjoyment of, activities and hobbies 

- Self-management, including managing medications 

- Technology- learn or relearn how to use a technological device or software  

- Anxiety management  
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Figure 3b: Example questions to guide an interview about the domains: B) participation in/enjoyment of 

hobbies, C) social contacts 

 

 

 

 

 

Guidance 

- If a participant is unable to participate fully in the process of goal-setting due to cognitive impairment, 

their representative should help to set goals on behalf of the patient participant.  

- Try to involve the participant in this process as much as possible.  

- These goals should still be from the perspective of the patient participant (rather than the 

representative’s goals as a caregiver) and should be based on the representative’s knowledge of what is 

important to the person with parkinsonism.    
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STEP 2: SETTING GOALS  

“Now that we have had a think about areas you would like to improve, we are going to work together to 

decide on a specific thing you would like to work towards as a goal. 

We are going to try to make this what we call a ‘SMART’ goal. This means that: 

- It is specific: we will be clear about exactly what you hope to achieve  

- It is measurable: so we can see in a few months how much progress you have made 

- It is attainable: we want the goal to be something realistic for you and something you feel 

motivated to work on 

- It is relevant/reasonable: we want the goal to mean something to you  

- It is time-bound: we need to decide when you think you will have achieved this goal- from a few 

months for now to up to 2 years” 

 

 

 

“Now that we have agreed a goal for that area, can you describe to me what you can do at the moment 

in relation to that goal?” 

(“I am also going to ask your [caregiver] what they feel you can do at the moment in relation to this 

goal”)- optional  

“How will we know when you are a quarter of the way towards achieving this goal? 

How will we know when you are half the way there towards achieving this goal? 

How will we know when you are three quarters of the way towards achieving this goal? 

When do you hope to have achieved this goal? You can continue to work on the goal after this point.” 

Guidance  

- The goal statement should be written in the first person: e.g. “I will do....” 

- The goal statement should reflect 100% goal attainment  

- A goal attainment descriptor of 0% would indicate no change from current attainment or 

deterioration in attainment. 

- The goals should be stated positively: i.e. something the participant wants to do, or do 

more of, rather than something to stop doing or do less of.  

- Aim for 3-5 goals in total  

 

Guidance  

- For goals related to life events, e.g. attendance at a wedding, the timeframe will be clear 

- If this is not the case, guide the participant to think what would be a realistic timeframe for 

them to achieve the goal (this timepoint will be used in the primary analysis) 
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STEP 3: ASSESSING GOAL ATTAINMENT AND MOTIVATION TO ACHIEVE THE GOAL 

 

“Having talked about how you feel you are currently doing in relation to the goal(s), we need to rate 

your current level of activity and functioning on a scale from 1 to 10. This is about what you can 

currently do or not do, not what you imagine you might be able to do. 

- If the goal relates to an activity that the person is already undertaking 

o “a lower rating means that you are not doing the task/activity as often or efficiently as 

you would like” 

- If the goal relates to something the person is currently not doing at all, they should not rate 

according to what they think they could do if they engaged in the activity, but based on the 

current lack of activity  

o “the rating should be based on the fact you are not currently doing this activity at all, 

rather than what you think you could manage if you decide to start doing it”  

Use the laminated visual analogue scales to support this step.  

Figure 4: Guidance on how to explain and complete the goal attainment rating (from BGSI manual p 24)
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“I am also going to ask your [caregiver] to rate how you are currently doing with this goal on a scale 

from 1 to 10”-( if participant is accompanied by a relative or caregiver).  

Note: if the patient participant is unable to provide ratings due to cognitive impairment, then only the 

informant provides ratings.  

“I would also like you to rate on a scale from 1 to 10 how important this goal is to you, where 1 means 

that it is not important at all to achieve this goal and 10 means it is extremely important to you that you 

achieve this goal. 

I would also like you to rate on a scale from 1 to 10 how ready you are to make changes in relation to 

this goal in order to improve the situation? 1 means you do not feel ready to work on this goal and 10 

means you feel extremely ready to work on the goal”  

 

 

 

 

 

 

 

 

 

 

- At the end of the goal-setting interview, write the 

participant’s goals on the sheet for them to take home (see 

Figure 5).  

- Do NOT include any further details, such as advice on how 

to achieve their goals or their baseline ratings.  

- If the participant asks how they can get help and support to 

achieve their goals, advise them that: 

o Participants allocated to the active arm (PRIME care 

model) will have an opportunity to discuss this at a 

later point  

o Participants allocated to usual care may discuss 

ways of achieving goals with family, friends etc. 

They could also take their ‘goal sheet’ to discuss 

with a healthcare professional at their next 

appointment  

- The assessor should not prompt about how the participants 

can get help or support unless they specifically ask about this.          Figure 5: goal sheet (p1) 

Guidance  

Avoid goals where the attainment rating is high and/or motivation to work on the goal is low. 

If the interviewee gives a very high rating of attainment (i.e. 8, 9, or 10), this indicates the 

goal is probably not suitable to work on, as the person feels he/she is already performing this 

task reasonably well. Similarly, low ratings of readiness to change and importance of 

achieving the goal (i.e. 1, 2, or 3) indicate that the motivation to work on this goal may be low 

and it may be difficult to achieve improvement. Try to reformulate the goal statement or look 

for a different goal. Ideally, select goals with Attainment ratings of 6 or below, and Readiness 

to Change/Importance of Achieving the Goal ratings of 4 and higher.  

N.B we will NOT address facilitators/barriers/resources at the baseline goal-setting as this is 

part of the intervention for those in the active arm.  



324 
 

STEP 4: 3-MONTLY FOLLOW- UP PHONE CALLS (BY BLINDED ASSESSOR)- 

ASSIGNING GOAL ATTAINMENT DESCRIPTORS  

 

- All goals should be followed up at every 3 monthly call (including timepoints before and after 

the ‘primary’ follow up point), except goals which are naturally time-limited (e.g. “attendance at 

grand-daughter’s wedding in 9 months”), for which follow-up stops after the event has passed 

- Follow up at every timepoint is important in case participant deceases during the trial and 

because attainment may peak before the primary timepoint  

 

“It is really important that you do not tell me at any point during this call whether you were allocated to 

the control arm of the intervention arm of the trial because I am not allowed to know. 

This conversation is for us to see how you are doing with the goals you set at the start of the trial.   

The first goal you set was…….. [remind the participant of goal 1]. You said that you would be at 100% if 

you could do/were doing [……….], 50% if you were doing […………..] etc.  

 

 

 

 

 

 

 

Can you describe to me how you are doing at the moment in terms of this activity/goal? 

Do you feel this description of your current activity/functioning is closest to the description you gave for 

0/25%/50%/75%/100%?” 

Guidance 

You can reveal the baseline goal attainment score to the participant to allow the calibration of 

change from baseline but do NOT remind them of the intermediate goal attainment values from 

previous follow up calls.  

 

If the participant reveals their trial arm, please continue with the call but note in REDCap that 

blinding was broken on that occasion. 
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See goal descriptors agreed in step 2. Note that a descriptor of 0% would indicate no change from the 

baseline attainment or a deterioration in attainment; a descriptor of 100% would indicate full 

achievement of the goal as per the goal statement set at baseline.  

“As you did at the start of the trial, I would like you to rate on a scale from 1 to 10 how you feel you are 

doing with this goal. At the start of the trial you rated your attainment of [description of 0% attainment] 

as a score of [baseline attainment score 1-10].  

I am also going to ask your [caregiver] to rate how you are currently doing with this goal on a scale from 

1 to 10” (if participant has a relative or caregiver who scored the goal at baseline)” 

 

 

 

Setting of new goals  

- Goals can be added during the 3-montly follow-up calls where there is a strong wish to do so, 

although this is not a requirement and should not be encouraged routinely 

- This can be considered where a goal is no longer under follow-up because it was related to a 

specific event – in this case, the participant may wish to set a new goal to ‘replace’ the time-

limited goal  

 

 

 

 

 

Guidance 

It may help to remind the participant of the visual analogue scale they were shown at baseline to help 

them to rescore 

The participants does not need to rate importance and readiness to change again  
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Scoring procedure 

 

 

 

Table 1: example of goal attainment at each timepoint for three goals set at 0 months and two added at 6 months  

 

 

Scoring for example in table above:  

Mean attainment score at the point goals are set (baseline or a later point if added subsequently) = (3+1+2 + 4 + 2)/5 = 2.4 

Mean attainment score at the ‘primary’ follow up point = (4+8+2+8+9)/5 = 6.2 

Change score = mean attainment score at follow up – mean attainment score at initial assessment (6.2- 2.4 = 3.8)

GOALS  Primary 
follow 
up  

0 3 6 9 12 15 18 21 24 

1. I will call my grandchildren by the right names. 6 
months   

3 3 4 6 7 8 5 5 4 

2. I will learn to send text messages to contact my grandson once a 
week. 

12 
months  

1 4 5 5 8 9 10 10 10 

3. I will do a three mile walk three times a week. 18 
months  

2 2 2 Chose not to pursue 

4. I will be able to contact my husband using my mobile if I get lost in 
the shop  

12 
months  

  4 4 8 8 9 9 9 

5. I will attend weekly fitness classes in my local Community Centre 24 
months  

  2 3 5 6 7 8 9 

Mean attainment score = sum of attainment scores/number of goal set  
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APPENDIX K 
 

PRIME RCT secondary outcome measures 

Table S3: Secondary outcome measures within the ‘Staying physically well’ domain and tools that will be 
used to measure these 

 

  

Secondary outcome measure Tool/method  

Malnutrition risk $ Malnutrition Universal Screening Tool 

Anthropometry $  Weight, weight change, height, calf circumference 

Grip strength $  Hand-held dynamometer 

Nutritional risk  Screen -14 * [1, 2] 

Dietary assessment EPIC FFQ [3] * 

Sarcopenia  SARC-F * [4]  

Bone health assessment $ Bone health questionnaire *   

Fear of falling Iconographical Fall Efficacy Scale (ICON-FES)-short 
version [5] 

Capability in older people  ICEpop CAPability measure for Older people 
(ICECAP-O) *  

Physical performance $ Short physical performance battery (SPPB) 

Time up and go test (TUG) 

Gait metrics (including gait speed) $ Single task gait assessment 

Dual Tasking $ Dual task gait assessment 

Endurance $ Endurance measure (2-minute walk test, 6-minute 
walk for those who are sufficiently mobile) 

Physical activity  Incidental and Planned Exercise Questionnaire for 
the Usual week (IPEQ-WA) * [6] 
 

Health-related quality of life  EuroQoL 5D-5L health status questionnaire (EQ-5D-
5L) * [7] 

Global impression of change  Patients’ Global Impression of Change (PGIC) 
Clinician Global Impression of Change (CGI-I)  

$=outcomes which will be assessed using an interview-administered tool. *=outcomes that will be 
completed by a representative who knows the patient well, where the PwP cannot self-complete.  
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Table S4: Secondary outcome measures within the ‘Your Wider Life’ domain and tools that will be used to 
measure these 

Secondary outcome measure Tool/method  

Loneliness/social isolation 3-item Revised-UCLA Loneliness Scale plus a single item direct 
measure of loneliness [8] 

Social participation English Longitudinal Study of Ageing questions (ELSA) * 

Life space mobility $ Life-Space Assessment (LSA)  [9] 
 

Perceived social support Multidimensional scale of perceived social support [10] 

Coping strategy BriefCOPE [11] 

Acceptance of illness  Acceptance of illness scale [12] 

Patient activation  Patient Activation Measure (PAM) [13] 
$=outcomes which will be assessed using an interview-administered tool. *=outcomes that will be 
completed by a representative who knows the patient well, where the PwP cannot self-complete 

 

Table S5: Secondary outcome measures within the ‘Managing Disease’ domain and tools that will be 
used to measure these 

Secondary outcome measure Tool/method  

Parkinson’s assessment $ MDS-Unified Parkinson’s Disease Rating Scale 
(MDS-UPDRS)  

Non-motor symptom burden $ MDS Non-Motor Rating Scale (MDS-NMS) * [14] 

Parkinson’s-related quality of life  Parkinson's Disease Questionnaire (PDQ-39) * 

Palliative symptom burden Edmonton Symptom Assessment System Scale for 
Parkinson’s Disease (ESAS-R-PD) [15]  
Palliative outcome score-symptoms-Parkinson’s 
Disease (POS-S-PD) [16] 

Frailty  SHARE-FI 75+ (Phenotypic frailty tool) $ * [17] 

 Pictorial fit frail scale * [18] 

 Clinical frailty scale $ 

Experience of holistic patient-
centred care 

Patient Assessment of Chronic Illness Care 
measure (PACIC)- 26 item 

$=outcomes which will be assessed using an interview-administered tool. *=outcomes that will be 
completed by a representative who knows the patient well, where the PwP cannot self-complete 
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Table S6: Secondary outcome measures relating to healthcare events and method that will be used to 
measure these 

Secondary outcome measure Method  

Unplanned hospital admissions (defined as non-
elective attendance at RUH, Bath or another 
hospital, which results in an inpatient stay of 
one or more nights) 

 
 
 
 
 
 

Captured from hospital, hospice and GP records 

Elective admissions  

Primary care contacts, investigations and 
prescriptions 

Outpatient appointments  

Emergency department attendance  

Mortality  

Place of death 

Hospice use (admission, day hospice) 

Presence of Gold Standard Framework register 

Visible Advance Care Plan 

 

Table S7: Secondary outcome measures relating to hospital admissions and tools/method that will be 
used to measure these 

Secondary outcome measure  Tool/method  

Length of and reason for stay for unplanned 
admissions 

 
Captured from hospital and GP records 

Length of stay for elective admissions  

Discharge destination  

Delirium  Captured using 4AT tool for delirium 
assessment [19] 

 

Table S8: Secondary outcome measures relating to participants who are deceased and method that will 
be used to measure these 

Secondary outcome measure  Method  

If deceased.  
Place and date of death, ii) hospice admissions, 
iii) utilisation of hospice outside place of death 
(i.e. day hospice, hospice at home), iv) 
anticipatory meds at home, v) GP contact to 
hospice advice line, vi) frequency and type of 
engagement with PRIME Parkinson care and 
activities if randomised to intervention arm 

 
 

Captured from hospital and GP records and 
other sources including information recorded 

on the PRIME IT platform 
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Table S9: Other measures and tools that will be used to measure these 

Measure  Tool/Method  

Sociodemographics   Including, but not limited to, gender, date of birth, ethnicity, 
postcode, employment status, marital status, living situation, 
highest qualification, informal/formal care needs, lifestyle* 

Parkinson’s related    Diagnosis, year of diagnosis, laterality of first symptoms, 
advanced therapies   

Medication  Self-report *  

Disease Stage $  Hoehn & Yahr   

Disease duration  Self-report/clinical records * 

Bone mineral density assessment $  DXA Scan  

Comorbidity $  Cumulative Illness Rating Scale-Geriatrics [20]  

Cognition $  Montreal Cognitive Assessment (MoCA)   

 $=outcomes which will be assessed using an interview-administered tool. *=outcomes that will be completed 

by a representative who knows the patient well, where the PwP cannot self-complete; DXA Dual-energy X-ray 

absorptiometry 
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