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Abstract  

Background: Around 70% of people with dementia live with comorbidities and are subsequently 

prescribed multiple medications (polypharmacy). Some medicines are considered ‘potentially 

inappropriate’ when prescribed to older and cognitively impaired adults. Cognitive impairment, 

dementia and frailty may influence the prevalence and associated effects of polypharmacy and 

potentially inappropriate medicines (PIMs).  

Aims: To estimate prevalence trends of polypharmacy and PIMs (antipsychotics, antidepressants, 

benzodiazepines, anticholinergics and proton pump inhibitors) among people with dementia. To 

identify associated factors, including the impact of care and medication reviews and to 

understand the impact of polypharmacy, PIMs and frailty on health in people with cognitive 

impairment.  

Methods: Two cohorts were analysed, including primary care electronic medical records (Clinical 

Practice Research Datalink, 2015-2017) (n=22,448) and the Cognitive Function and Ageing Study 

(2008-2011) (n=1,154).  

Results: Polypharmacy and PIMs were prevalent in people with dementia and cognitive 

impairment. On average, people with dementia were prescribed 8 medications, 30% were 

prescribed inappropriate PPIs, 17% anticholinergics, 8% antipsychotics, 7% tricyclics and 4% of 

people with cognitive impairment were prescribed benzodiazepines. Dementia annual reviews 

and medication reviews were associated with medicines optimisation. Prevalence of PIM was 

greater in care homes and a medication review in a care home was associated with reduced use 

of PIMs. Polypharmacy was associated with worse survival. PIMs were not associated with worse 

survival, with the exception of antipsychotics (adjusted HR=3.24, 95% CI=1.83-5.73). Being 

cognitively impaired and frail was associated with worse survival overall but frailty was not found 

to moderate the relationship between polypharmacy, PIMs and survival.  

Conclusions: Few prescribing guidelines specifically address medicines use in people with 

cognitive impairment or dementia, despite the prevalence of polypharmacy and PIMs. The 

number of medicines prescribed should be carefully monitored to reduce harm. Incorporating 

medication reviews into annual dementia care reviews may optimise prescribing and identify 

people at increased risk of adverse effects. The findings from this thesis will improve 

understanding and support the optimisation of medicines for people living with dementia.  
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“…It got me thinking how people in the late stages must feel when medication is added or 

changed. They might not know or understand why they’re feeling rubbish from the side effects. 

Why their head feels so different. Why their body feels so strange. Why they feel so rough. They 

might not be able to articulate how they’re feeling so lash out or simply sleep all day. I read of one 

supporter recently who was glad when their loved one slept all day as then they didn’t have to 

cope with the challenges. But what sort of existence is that for either one? 

Side effects can be different for everyone but I don’t think enough is known about the impact on 

the brain for people with dementia. So more research needs to take place to understand the 

impact of medication on people with dementia.” 

 A quote from Wendy Mitchell, who lives with a diagnosis of dementia, from the blog 

‘Which Me am I Today’ July 2017.  
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I. Chapter 1: Background and Introduction 

In the United Kingdom (UK) there are over 850,000 people over the age of 65 living with dementia 

[1] and there are more than 200,000 new cases of dementia every year [2]. Around 70% of people 

living with dementia also live with other health conditions and are subsequently prescribed 

multiple medications [3]. Multiple medication use is common in this increasingly large population, 

who are vulnerable to a range of associated side effects and adverse effects of potentially 

inappropriate prescribing practices.  

 

1.01 Dementia  

More than 44 million people live with dementia worldwide and there are an estimated 4.6 million 

new cases annually [4, 5]. Dementia is clinically defined as the broad term of major 

neurocognitive disorder. Dementia is a progressive neurodegenerative syndrome, largely 

characterised by memory deficits but also affects an individual’s communication, language, 

attention, perception, executive and motor functions and social cognition. Dementia is an 

umbrella term used to define a variety of conditions affecting the brain. Alzheimer’s disease is the 

most frequent cause of dementia, accounting for two-thirds of cases, followed by vascular 

dementia (20%), Lewy body dementia (15%), frontotemporal dementia (5%), Parkinson’s, 

Creutzfeldt-Jakob disease and other rarer forms of dementia. Each person’s experience of 

dementia is different. It is common for an individual to be living with a combination of dementia 

disease types. Each condition is characterised by a different set of symptoms, and associated with 

ongoing disease progression over time. In general, dementia is more common in women than 

men [1, 5] and the prevalence of dementia increases as people age, with one in fourteen adults 

over 65 years old at risk of dementia, increasing to one in six in adults over 80 years [1, 4, 6].  

 

1.02 Global burden of disease  

In 2015, the global cost of dementia was estimated at £631 billion (US $818 billion). Around 80% 

of the financial burden falls on health and social care services and informal carers, in comparison 

to costs directly associated with use of medical services [7]. In 2016, dementia was one of the 

highest causes of death globally after ischaemic heart disease, chronic obtrusive pulmonary 
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disease, intracerebral haemorrhage and ischaemic stroke, accounting for 2.2 million deaths 

worldwide [8].  

 

1.03 Burden of disease in United Kingdom  

By 2030, it is predicted that there will be over 1 million people living with dementia in the UK and 

over 1.2 million by 2040 [9]. Currently, dementia costs the UK economy £26 billion annually and 

the overall economic burden is expected to increase to £55 billion by 2040. Dementia costs the 

National Health Service (NHS) £4.3 billion each year and the cost of unpaid care is £11.6 billion 

[10].  Dementia is now the leading cause of death in adults over 80 years old in England and 

Wales, accounting for 20% of all deaths, ahead of ischemic heart disease and cerebrovascular 

disease [11].   

Improving the quality of life for people with dementia and their carers is a national priority. In 

England, the National Dementia Strategy (2009) and subsequent Dementia Challenge (2012), 

were launched by the government. Central to their aims was diagnosis, improving awareness, 

early interventions and quality of care. Similar strategies were launched in Scotland in 2010 and 

Wales in 2011 [12, 13]. Since 2006, general practitioners have been financially incentivised 

through the Quality and Outcomes Framework (QOF) to record dementia prevalence on dementia 

registers and to conduct annual care reviews for people with dementia. After the launch of the 

National Dementia Strategy in 2009, dementia diagnosis rates increased by 4% in 2010 and 12% in 

2011 [14].  

 

1.04 Cognitive impairment  

Cognitive function is the process of knowledge acquisition and understanding through thought, 

experiences and the senses. There are multiple cognitive functions that are integral for our day-

to-day lives. Cognitive functioning encompasses our response to emotional and social situations, 

decision making, memory, attention, reasoning, processing and response to people, our 

environment and experiences. Many older adults live with impairments across cognitive 

functions. Mild cognitive impairment (MCI) or mild neurocognitive disorder is the clinical term 

used to define a recognisable decline in cognition from previous level of functioning. Mild 

cognitive impairment is a recognisable decline, but does not significantly impact on the ability to 
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conduct day-to-day activities, and so does not meet the criteria to be formally labelled as 

dementia. In some cases, MCI reflects the early stages of dementia. However, longitudinal studies 

demonstrate that whilst some people with MCI go on to develop dementia, a significant 

proportion revert to normal cognition or remain stable [15]. Most commonly, MCI that is largely 

characterised by memory impairment is associated with progression to dementia [16]. Up to 36% 

of adults over 60 years old live with MCI [17] and around 60% of people with MCI progress to 

dementia [18]. For the purposes of this research, mild cognitive impairment, mild neurocognitive 

disorder and cognitive impairment that is not diagnosed as dementia, will be referred to as 

cognitive impairment. 

 

1.05 Risk factors  

There are a number of risk factors associated with dementia. This includes a number of comorbid 

health conditions that increase a person’s risk of developing the disease, as well as genetic and 

lifestyle factors [19]. Cerebrovascular disease and cerebral damage from haemorrhage and 

ischemic cortical infarcts associated with stroke are associated with an increased risk of dementia. 

Around 8% of people who have a stroke subsequently develop post-stroke dementia [20]. 

Cerebrovascular disease is most strongly associated with vascular dementia, which is largely 

characterised by reduced blood flow to the brain.  

Other physical comorbidities have been associated with an increased risk of dementia, including 

high blood pressure, high cholesterol and diabetes. High blood pressure in middle-aged adults has 

been associated with an increased risk of cognitive impairment, Alzheimer’s disease and dementia 

[21–23]. Unhealthy cholesterol levels are associated with cerebrovascular disease, increasing the 

risk of dementia. Observational studies have also shown that Type 2 diabetes is associated with 

twice the increased risk of Alzheimer’s disease [24–26]. A meta-analysis of longitudinal studies 

found an increased risk of 54% associated with Type 2 diabetes [27]. In addition, obesity,  a risk 

factor for high blood pressure, cholesterol and diabetes, is associated with an estimated 59% 

increased risk of dementia [27]. Age is the greatest risk factor for dementia and older age is also 

associated with increased comorbidities and health complications [1, 4, 6]. Although, 

approximately 5% of cases of dementia are considered ‘early-onset’ when the disease is 

diagnosed in people under the age of 65 [28].   

A number of psychosocial factors are also associated with increased risk of dementia. Evidence 

suggests that fewer years in education is associated with an increased risk of dementia, although 
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this is not conclusive [29]. Previous studies have also found an association between social 

isolation and cognitive impairment in older adults [30]. Depression is prevalent in people with 

dementia [31]. However it is difficult to determine the causal relationship between depression 

and dementia, particularly in the prodromal stages of disease presentation [32]. Many 

psychosocial factors, including social isolation and depression for example, are intrinsically linked 

with one another and often linked with physical comorbidity. Collectively, these factors contribute 

to increased vulnerability to the impact of risk factors associated with dementia. However, many 

of these risk factors are modifiable through lifestyle changes, psychological and pharmacological 

therapy. A recent report reported that modifiable risk factors could account for up to 35% of 

dementia burden [33].  

 

1.06 Pharmacological approaches to managing dementia  

There is no cure or disease modifying treatment for dementia. There are a small selection of 

medications prescribed to manage symptoms of the disease. The most commonly used 

medications are acetylcholinesterase inhibitors (donepezil, rivastigmine and galantamine), which 

inhibit the transmission of the neurotransmitter acetylcholine. These are used to manage 

symptoms of mild to moderate Alzheimer’s disease. Donepezil can be prescribed in people with 

severe Alzheimer’s disease. Memantine, which acts on the glutamatergic system, can be 

prescribed to people with moderate-severe Alzheimer’s disease, Lewy body dementia and mixed 

dementia. Overall, the symptom management options for dementia are limited [34] and with 

more clinical trials resulting in negative outcomes than successes, at a ratio of 100:1 compared 

with a 14.6:1 average across the pharmaceutical industry [35, 36].  

Since there are no disease modifying treatments, improving the quality of life for the individual 

and carers is a priority.  Enabling the person to live-well and within their own priorities for care, 

for as long as possible. Symptom and comorbidity management is associated with medication use. 

Comorbidities associated with the risk of dementia are usually treated with medicines. Managing 

the symptoms associated with cardiovascular disease, cerebrovascular disease, diabetes, high 

blood pressure, high cholesterol, and depression, for example. Additionally, medications are often 

prescribed to manage behavioural and psychological symptoms of dementia.  
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1.07 Care for people with dementia  

With two thirds of people with dementia living in the community, familial carers are a 

cornerstone for the provision of support and care of people living with dementia. For many 

carers, the experience can be associated with psychological, physical, emotional and economic 

strain. Many carers will experience caregiver burden, which is affected by the multiple dimensions 

of their role as a carers.  Defined as a multidimensional response to physical, psychological, 

emotional, social and financial stressors associated with the caregiving experience [37]. Carers will 

often play a key role in the management of medicines for people with dementia, including 

responsibility for taking medicines and involvement in decisions around prescribing [38]. The 

demands and time providing care increases as the disease progresses. Health and social care 

services need to find ways to support both the person with dementia and their carer across the 

disease progression [39].  

People with dementia live across the community and within institutional settings, including a high 

proportion of people with dementia in care, residential or nursing homes. In the UK, around one 

third of people with dementia live in a care home [28], often at later stages of the disease, are 

more frail and in need of more assistance in activities of daily living. People with dementia may 

live for a long time in their own home and often transition into a care home as the disease 

progresses, physical and cognitive capacity declines and need for support in conducting day-to-

day activities, such as washing, dressing and eating requires additional support. The experiences, 

patient preferences and health priorities will change across the progression of the disease. It is 

important to factor this variation into the development of patient-centred and individualised care 

plans.  

 

1.08 Frailty and dementia  

‘Frailty’ refers to the condition of being ‘frail’ that is commonly recognised in many older people. 

A person who is frail is typically but not exclusively less mobile, may have difficulty getting up 

from a chair, walk slowly, is easily tired or exhausted from small amounts of activity, and is 

generally less active on a daily basis. More formally, frailty is a term used to describe a state of 

age-related decline in functioning across multiple organ systems. Frailty is associated with an 

increased vulnerability to and diminished ability to cope, and recover from acute and everyday life 

events, also referred to as reduced physiological reserve. Frailty is now a recognised, 

multifactorial clinical state that affects health outcomes for older adults, although it is not 
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exclusively a gerontological issue.  A change in medication, minor infection, change of residence, 

bereavements, falls, hospital admission and operations are examples of potentially destabilising 

events. These events could significantly impact a frail adult and their ability to return to the same 

level of function as before the event. The consequences of these destabilising events in frail older 

adults may result in drastic change, such as from independent to dependent, lucid to delirious and 

stable to at risk of falls [40].  

There is some evidence of an association between frailty and cognitive impairment and dementia. 

Frailty and dementia share some common aetiologies and overlapping clinical features, including 

factors associated with increased dementia risk, such as diet, cardiovascular risk factors and 

depression [41]. Age is strongly associated with dementia and it is thought that there is an 

association between the age-related processes associated with frailty and cognitive impairment 

and dementia [41]. In the Rush Memory and Ageing Project, a longitudinal study of ageing, 

baseline frailty and annual frailty change was associated with incident dementia and MCI [42]. An 

ongoing debate centres on distinguishing frailty as a clinical syndrome distinct from comorbidity 

and disability. Frailty, disability and comorbidity are not mutually exclusive but there are features 

that do distinguish them, including decreased physiological reserve, impairment across multiple 

organ systems and capacity to recover after a stressful event [43]. Fried et al (2001) investigated 

the overlap between frailty, disability and comorbidity using the Cardiovascular Health Study, in 

21.5% of the sample frailty, disability and comorbidity were present. However, in 26.6% frailty 

was present without comorbidity or disability, supporting the argument that frailty is related to, 

but distinct from comorbidity and disability. On the other hand, frailty has been considered as a 

representation of an accumulation of comorbidities, disability, cognitive decline and any other 

age-associated deficits [44]. Through the operationalisation of frailty definitions in large 

epidemiological studies, frailty has been recognised as predictive of a number of adverse 

outcomes which include, increased risk of falls [45, 46], disability [45, 46], hospitalisation [47], 

admittance to a care home [48, 49] and mortality [45, 46, 48, 49]. More recently, frailty has 

started to be operationalised for use in clinical practice. Although, the concept of a ‘frail’ older 

adult has been recognised for a long time. More research is needed to validate the concept of 

frailty for use in clinical practice compared to translating findings from observational studies.   

The concept of frailty is continually under debate and other approaches to understanding 

variation in ageing have been proposed. As an alternative, the concept of intrinsic capacity, which 

has a capacity rather than disease focus has been proposed. Particularly for monitoring 

trajectories from independence to dependence in older populations [50]. Regardless of the 

concept used, the concepts must be validated to predict adverse outcomes. Further research is 
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needed to validate the constructs of frailty.  Moreover, in clinical practice the concept that will be 

able to be of most practical utility, feasibility, and able to identify those at risk of harm or who will 

benefit from intervention is of the utmost importance.  

 

(a) Defining frailty  

There are two dominant but very different frailty measurements that are most commonly used in 

research and clinical practice, the Frailty Phenotype [47] and the Frailty Index (FI) [44]. The 

phenotype is characterised as a syndrome with specific pathophysiological processes that are part 

of a cycle of frailty, whereas the FI characterises frailty much more broadly as a marker of the 

number of age-associated deficits that are predictive of adverse outcomes. 

 

(i) Frailty Phenotype  

Fried and colleagues initially developed a core set of frailty criteria in 2001 and operationalised 

these into the frailty phenotype, which was validated in the Cardiovascular Health Study [47]. The 

frailty phenotype is a pre-defined set of five criteria capturing a range of signs or symptoms 

(involuntary weight loss, exhaustion, slow gait speed, poor handgrip strength and sedentary 

behaviour). The frailty phenotype is dominated by physical factors that contribute to a syndrome 

of frailty. In the original development of the phenotype, people with cognitive impairment, 

Parkinson’s disease, previous stroke or depression were excluded from the sample. Furthermore, 

the concept does not directly account for changes in cognition or mental health. This challenges 

the validity of some of the criteria since mental health, particularly depression may be intrinsically 

linked to physical health. It is of debate whether frailty assessment should include a mental health 

assessment too. The relationship could be argued to be bi-directional too since people who are 

depressed are less physically active, and people who are less physically active are more likely to 

become isolated and depressed [51]. Although, it can be argued that mental health may be 

reflected within the manifestation of the criteria, such as exhaustion. The exhaustion questions 

often translates from depression scales and as such could be argued to account for mental health 

in the criteria. 

Although the frailty phenotype has since been validated in older, multimorbid populations [52], 

there are concerns about the predictive validity of specific criteria. According to the Fried 
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phenotype, obese people would not be considered frail. The criteria is characterised by rapid 

weight loss, even though people who are obese are less physically active and more likely to report 

exhaustion [53]. The overall phenotype construct is predictive of adverse outcomes, further 

research is required to evaluate the predictive validity of individual frailty criterion [54]. 

Furthermore, whether or not frailty is a useful predictor of vulnerability to adverse outcomes 

from another predictor, and therefore whether frailty moderates susceptibility to adverse 

outcomes is unknown.  

 

(ii) Frailty Index  

The Frailty Index (FI) is based on the characterisation of frailty as an accumulation of age-related 

deficits, with more deficits indicative of a frailer individual. To initially operationalise this concept, 

Rockwood and colleagues created the FI in 2005 using the Canadian Study of Health and Ageing to 

develop and validate the FI [44]. The FI is a clinical condition and disease checklist of up to 70 

items or deficits (as originally proposed). Symptoms, signs and diseases are classified as deficits 

[55] which therefore may include, clinical signs (e.g. tremor), symptoms (e.g. vision problems), 

diseases, disabilities and abnormal test values and are used to generate a cumulative FI score. The 

FI score is based on each item being present or absent as a proportion of the total number of 

items. This score has an advantage of being useful as a continuous measure or dichotomised 

variable classifying non-frail, pre-frail or frail and could be more sensitive to identifying change 

across frailty status [56] [57]. This approach includes cognitive and physiological vulnerabilities 

which are not accounted for in the phenotype. Some have argued that frailty should also account 

for social connections and relationships which when lacking can increase vulnerability to life 

events [58]. However, in applying a deficit accumulation approach, all potential age-related 

vulnerabilities that a person has are grouped together. No distinction can be made to understand 

individual contribution of comorbidity, cognitive impairment or physical frailty. The frailty 

phenotype is more suited to understanding the individual contributory risk associated with 

physical frailty, distinct from comorbidity and cognitive impairment.  

The clinical application of frailty has recently spiked further interest in the validity of the 

constructs. The routine identification of frailty has been included in the General Medical Services 

(GMS) General Practitioners contracts [59]. In practice, the identification of people who are frail 

can assist in recognising those who are most vulnerable to stressors and with complex care needs. 

Frailty is a good predictor of adverse outcomes and in practice will be more informative than age 

when assessing patients. However, much of the evidence is based on observational studies where 



26 

 

frailty is measured at a single time point, failing to account for the transitional nature of frailty. 

Both concepts of frailty have been widely replicated and adapted in observational studies and 

clinical settings meaning there has been little standardisation [60]. Moreover, there is a lack of a 

consensus on definition and measurement of frailty. This means that depending on the definition 

of frailty, different individuals may be identified as frail according to different definitions. This will 

continue to be a challenge in practice as there is limited guidance on the type of frailty measure 

that should be used. Standard definitions of frailty, particularly across different practices, will vary 

considerably [61].  

Through identifying frailty, there may be opportunities for interventions to improve factors 

contributing to frailty. Frailty assessments can provide useful information to help practitioners 

and patients in developing care plans and opportunities for interventions. This may include, 

exercise, caloric and protein support, vitamin D supplements and reducing polypharmacy [62]. 

However, for the individual the concept or label of frailty can negatively affect their self-identity 

and the way in which other people view them as the term is loaded with negative connotations 

[63]. Frailty can help in delineating the heterogeneity of physical and cognitive decline associated 

with ageing. However, further research is required to assess the predictive validity of individual 

frailty criteria. From a clinical perspective, this is important as identifying frailty is more readily 

incorporated into clinical practice. 

 

1.09 Comorbidity and dementia  

Comorbidity, the concomitant presence of more than one health condition in an individual, is 

common in up to 70% of people living with dementia [3]. The presence of multiple comorbidities 

(multimorbidity) is associated with adverse health outcomes, decreased quality of life, complex 

care regimes, increased use of health care services, and subsequent health costs [64]. In a study 

of over 10,000 people with dementia in UK primary care, people with dementia had on average 

2.9 physical comorbidities compared with 2.4 in age-matched controls [65]. A US study of over 

3,000 older adults with and without dementia estimated that people with dementia had 2.4 

chronic conditions. This was comparable to older adults without dementia in this population (2.3 

chronic medical conditions). As expected, there is considerable overlap between the 

comorbidities that are risk factors for dementia and those most commonly occurring in people 

with dementia. An estimated 41% of people living with dementia have high blood pressure, 32% 

depression, 27% heart disease, 18% cerebrovascular disease and 13% diabetes [66]. A scoping 
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review of the literature of comorbidities in people with dementia found that the prevalence of 

diabetes in people with dementia was as high as 39%. Thirty four percent  of people with 

dementia had also had a stroke [67].  

Psychiatric comorbidities are also common in people with dementia but symptoms can be difficult 

to differentiate from dementia symptoms. Depression is a risk factor associated with dementia 

and is prevalent in people with dementia [31]. Anxiety is also common in around 5% to 25% of 

people living with dementia and is associated with restlessness, fatigue, difficulty concentrating 

and worry [68]. Behavioural and psychological symptoms of dementia, including psychosis, 

hallucinations and wandering also impact on individual experience of living with and caring for 

someone with dementia [69]. Medications are commonly prescribed to manage behavioural and 

psychological symptoms and comorbidities.  

While the number of comorbidities may be similar across people with and without dementia, it is 

likely that managing comorbidities is more challenging in this population. People with dementia 

and comorbidity are particularly affected by a lack of care continuity, integration or 

communication across primary and secondary care and multiple specialists [67]. Many 

comorbidities are associated with an increased risk of dementia or are associated with 

consequential outcomes of dementia, such as depression in dementia. In clinical settings such as 

hospitals and care homes, dementia can affect and complicate care, including how the person’s 

individual needs are understood and the way in which services are used [70].  

As a direct consequence of comorbidity, many people with dementia are prescribed multiple 

medications, which is discussed further in the next section and is the motivating problem 

underlying the work presented in this research study. 

 

1.10 Polypharmacy   

Polypharmacy is the commonly used term to describe the prescription of multiple medications 

[71]. There are many different definitions of polypharmacy. A commonly used definition is five or 

more medications [72]. There is no consensus on whether polypharmacy refers to the 

concomitant use of multiple medications at the same time, or whether it refers to medications 

prescribed long-term, such as through a repeated prescription system [72]. Older adults are the 

largest consumers of medications compared with other groups of the population. Around one 

fifth of the UK population is over 60 years old, and this group receives around 60% of all 
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prescriptions, accounting for more than half of NHS prescribing costs [73, 74]. The increased use 

of symptom managing and treating medicines has been fundamental in improving the quality of 

health care provision, quality of life, recovery from illness, reducing disability, and increased 

longevity amongst the population [75]. In the past century, life expectancy in the UK has steadily 

increased. In 1910, male life expectancy was 51 and 55 for females. This has increased to 80 for 

males and 83 for females in 2012 [76]. Other factors such as improved nutrition, hygiene, housing 

and sanitation are important, but improvements in medicine and the introduction of the National 

Health Service (NHS) in 1948 has significantly contributed. Through improved control of infectious 

diseases, reduced mortality at birth and improvements in treatments, more and more people are 

able to live-well for longer.   

 

(a) Challenges of polypharmacy  

There are a number of challenges associated with polypharmacy for people with dementia with 

multimorbidity, for whom medicines are an integral part of everyday life. Appropriate and 

evidence based use of multiple medicines is made more difficult by the single disease focus of 

prescribing guidelines, limited external validity and generalisability of clinical trials, prescribing 

cascades, adherence, medication errors, a lack of guidelines for prescribing and increased 

susceptibility to adverse effects. Each associated challenge may also multiplicatively increase the 

potential for harm in a population who are already increasingly vulnerable to medication-related 

adverse effects and the subsequent consequences. More research is required to improve the 

quality of life for people with dementia and those managing multimorbidity and polypharmacy.   

 

(i) Prescribing guidelines take a single disease focus  

By taking a single disease focus, guidelines often fail to account for multimorbidity, drug-disease 

and drug-drug interactions that may increase the patient’s susceptibility to adverse effects and 

ineffective treatment. Previous research has found a lack of consistency in the way in which 

guidelines will account for comorbid health conditions and identified few disease-specific 

recommendations for prescribers [77]. Multiple medications are likely to be prescribed for a 

patient with multiple comorbidities. For example, a patient with five mild-to-moderate 

comorbidities such as, previous myocardial infarction, type-2 diabetes, osteoarthritis, chronic 

obstructive pulmonary disease (COPD) and depression, could be prescribed a minimum of 11 
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medications [77]. The patient could also be prescribed up to 10 additional medications depending 

upon the disease progression, side effects and outcomes. In addition, managing a complex 

medication regime can increase treatment burden to an individual. Additional treatment burden 

from multiple appointments, other recommended interventions and referrals, also recommended 

through the guidelines would accumulate to considerable treatment burden for the individual 

[77]. The single disease focus approach to guidelines can negatively affect the individual. Recent 

years have seen some improvement in the provision of guidelines that account for 

multimorbidity. The National Institute for Health and Care Excellence (NICE) have published 

guidelines for the clinical assessment and optimisation of care for people with multimorbidity, 

which includes optimising medicines and assessing frailty [78]. Furthermore, the Royal 

Pharmaceutical Society have published good practice guides for optimising medicines for 

pharmacists to support patients [79]. For a person living with dementia or cognitive impairment, 

managing medications can be increasingly difficult, however it is unclear the extent of harm that 

may be associated with multiple medication use in people with dementia and there is little 

research into prescribing in people with dementia in primary care [80].  

 

(ii) External validity and generalisability of clinical trials  

The evidence for the safety and efficacy of medicines may not be applicable to people with 

cognitive impairment and dementia. For a number of reasons, people with cognitive impairment 

are excluded from clinical trials. It would be unethical to conduct a trial in a sample where there 

was a potential for increased risk of harm. In addition, people with cognitive impairment or 

dementia may also be excluded from trials due to difficulties in recruitment and retainment in 

studies. It may also be more difficult to detect outcomes due to the complexities associated with 

dementia and comorbidities. Controlled clinical trials are generally conducted in younger and 

healthy populations, representing a population with a lower-risk profile. The impact of this is that 

older adults, adults with comorbidities, cognitive impairment, dementia, frailty and polypharmacy 

are excluded. Given this, it is unsurprising that older adults are often underrepresented in clinical 

trials [81, 82]. One study reviewing over 280 randomised controlled trials (RCT) over a 10 year 

period, found 81% of RCTs excluded participants because of comorbidities and 39% excluded 

people based on their age. Drug intervention trials often exclude participants because of other 

medication use [83].  

While reporting is mandatory, often adverse events go unrecognised or unreported. A recent 

review of the reporting of adverse events in published RCTs identified that of 184 trial studies, 
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30% reported methods to identify adverse event data during the trial. Therefore, only a small 

proportion of the trials reported using a mechanism through which an adverse event could be 

reported by a participant, meaning adverse events may have gone unrecognised. Moreover, 35% 

of the studies reported whether a withdrawal from the trial was due to an adverse event and may 

therefore be under reporting the incidence of adverse events [84]. In addition, a discussion of 

both the benefits and harms of a medication is often missing from findings in published trial 

studies [85]. Finally, the controlled environment of an RCT alongside selective sampling also limits 

the external validity, and consequently the clinical implications of prescribing in populations with 

high-risk profiles in an uncontrolled environment [86]. 

 

(iii) Prescribing cascade  

Prescribing cascades can occur in people with dementia, particularly if the individual has difficulty 

communicating adverse effects of medicines. Prescribing cascades occur when cumulative 

prescriptions for medication related adverse effects are prescribed. Prescribing cascades can 

occur inappropriately. Although, side effects of medicines can also be appropriately recognised 

and treated with another medicine to counteract the effect. Previous studies have found that 

people with dementia can be at an increased risk of being inappropriately prescribed 

anticholinergic medications to manage urinary incontinence [87]. In people with dementia, a side 

effect of acetylcholinesterase inhibitors is urinary incontinence, which is commonly associated 

with dementia and is often misinterpreted as a symptom of the disease, when in some cases it is 

representative of a medication-related adverse effect [87]. Inappropriately prescribing 

anticholinergic medication to a person with dementia could also accumulate subsequent adverse 

effects particularly as anticholinergics are associated with adverse cognitive effects [88]. 

Anticholinergic medications block the action of the neurotransmitter acetylcholine and are a 

broad drug class with a diverse range of indications across the central and peripheral nervous 

system. It is proposed that adverse cognitive effects arise through anticholinergic effects on the 

parasympathetic nervous system and cholinergic pathways associated with memory, perception 

and attention, contra to the indication of the medicine [89]. If a medication related side effect is 

inappropriately misinterpreted as a comorbidity and additional medications are prescribed, the 

risk of adverse effects increases and subsequently increases the risk of both inappropriate and 

unnecessary prescribing [90]. 

 



31 

 

(iv) Adherence  

Adherence to medication regimes is important in enabling the best possible outcomes of 

medication use. However, often medications are not taken as intended and increasing treatment 

burden and complex medication regimes from polypharmacy is associated with non-adherence  

[91, 92]. Between 30% and 50% of prescribed medications are not taken as intended [92]. For 

people with dementia, increasing cognitive impairment and multiple medication use is associated 

with up to 59% non-adherence to regimes [91]. Adherence to medicines is complex and there are 

a range of barriers associated with adherence. Barriers include a lack of knowledge about 

medicines, physical and cognitive ability to take medicines as prescribed, confidence in managing 

complex regimes, beliefs and doubt about the efficacy of medicines, motivation, memory, 

attention and decision making capacity and relationship with prescriber [93]. Increasing the 

number of prescribed medications may be counterproductive if this is associated with reduced 

adherence, increased burden and potential for adverse effects.  

 

(v) Medication errors  

The risk of a medication error increases with increasing medication use. There is potential for 

error to occur across the process of prescribing, dispensing, administration and monitoring and 

across primary and secondary care and in care homes [94]. While many medication errors have 

little or no potential for harm or are picked up before they reach the patient, it is estimated that 

66 million clinically significant errors occur each year across the NHS in England. When they do 

occur, medication errors are associated with considerable economic and patient burden. Costing 

an estimated £98.5 million each year, consuming over 180,000 hospital-bed days, are associated 

with 712 deaths and contribution to 1,708 deaths each year [94]. Increasing use of medications is 

associated with increased risk of medication errors. This can have clinically significant effects in 

patients, particularly in older adults who are vulnerable to such effects.  

 

(vi) Prescribing in people with dementia  

Medication management in people with dementia can be increasingly complicated as the disease 

progresses and decision making and cognitive capacity decreases [67]. Carers (formal and familial) 

will increasingly become integral in managing medicines, priorities for care will change, and 

medicines will need to be regularly reviewed to reflect this [95]. However, research into managing 
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comorbidities in people with dementia is limited [96] and there are few clinical guidelines to 

support prescribing for comorbidities in people with dementia. Clinical guidelines inform practice 

and assist health professionals to make informed decisions around prescribing and care provision 

for their patients.  

 

(vii) Vulnerability to adverse effects of medications  

An adverse drug reaction or adverse effect is defined as “a harmful or unpleasant reaction, 

resulting from medicinal intervention, which predicts hazard from future administration and 

requires prevention or specific treatment, or dose alteration or withdrawal” [97]. Physiological 

changes occur as a natural part of ageing and affects the way in which individuals respond to 

medications, including susceptibility to adverse effects [98]. There is limited research into specific 

physiological changes in people with dementia. Changes across different biological systems as a 

natural part of ageing also contribute to altered pharmacokinetics and pharmacodynamics in 

older adults and people with dementia [99]. Pharmacokinetic changes include changes in the 

absorption, distribution, metabolism and excretion of medications [100]. Evidence suggests that 

changes in the body composition associated with ageing, such as increased body fat and decrease 

lean body mass, can alter the distribution of medicines. Increased distribution is most commonly 

associated with medicines that are fat soluble and distributed via fatty tissues. Decreased 

distribution is associated with medicines that are largely water-soluble [101]. Moreover, 

metabolism of medicines, which largely occurs in the liver is often reduced. Reduced renal 

functions associated with advanced age affects the excretion or clearance of many medicines [98, 

99].  

Age-related changes in pharmacodynamics alter the way in which a medication has its effect 

within the body. Understanding of these factors is integral for effective medication management 

within older adults and people with dementia [102]. A systematic review of studies using 

biochemical or imaging techniques to examine blood brain permeability, found that older age was 

associated with significantly increased permeability. As was dementia, compared to age-matched 

controls without dementia in pooled estimates, although causality is unclear [103]. Collectively, 

age-related and potentially disease-related changes in response to medications are thought to 

underlie an increased susceptibility to adverse effects of medications in older adults and people 

with dementia [104]. 
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(viii) Potentially Inappropriate Medications  

Potentially inappropriate medication (PIM) is the term used when the potential harm of a 

medication outweighs the potential benefit, in patients with specific diseases or conditions. 

Criteria have been developed to identify PIMs in older adults and are used to identify PIM in 

specific patient groups, interactions and overuse of medicines that may increase the risk of 

adverse effects. In the US, Beers criteria for potentially inappropriate medication use in older 

adults are most commonly used. Beers lists medications or medication classes that should be 

avoided where possible for specific populations and specific disease-drug interactions that may 

cause more harm than good [105]. The Beer’s criteria are less helpful for UK and European 

healthcare practice as a large proportion of the medications in Beers are unavailable in these 

regions [106]. Hence, the Screening Tool for Older Person’s Prescriptions (STOPP) and the 

Screening Tool to Alert doctors to Right Treatment (START) physiological systems-based criteria 

were developed and are validated in the UK and Europe. The criteria identify potentially 

inappropriate prescribing and omissions. STOPP is categorised into 80 physiological systems-

based criteria to screen medications or classes of medications that are potentially inappropriate in 

older people [107]. 

 

1.11 Medication reviews  

Recently, NICE published guidelines for medicines optimisation in the general population and 

recommended that a medication review is integral in this process [108]. A structured medication 

review is a critical examination of medicines. The objective of a review is to work with the patient 

to make decisions about treatment, optimise medicines, minimise the number of medication 

related problems and reduce unnecessary medicines use. A review can help to identify 

medications that could be stopped, dosages reduced or new medications that are needed. The 

NICE guidelines recommend that people taking medicines for long-term conditions and people 

taking multiple medications would benefit from a review. A medication review should be a shared 

decision-making process that involves the patients preferences, values and needs [109, 110]. 

While guidelines recommend a person-centred approach, practical application and outcomes of 

this approach in practice is unclear. Moreover, the guidelines are unclear on how to support 

medicines optimisation in people with cognitive impairment, dementia or people without capacity 

and understanding the role of the caregiver will be important.   
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1.12 Dementia annual review  

National initiatives to improve the quality and standardisation of primary care provided to people 

with dementia have been introduced. In 2004 the Quality and Outcomes Framework (QOF) was 

introduced in the UK and is one of the largest pay-for-performance schemes in the world. The 

QOF consists of financial incentives, computerised decision supports and the promotion of 

structured and cohesive care for patients with the aim of achieving evidence-based targets. Since 

2006, QOF has included an annual review for every patient with dementia [111][112]. A dementia 

annual review should include a comprehensive physical, psychological and social care review, a 

carers assessment and assessment of access to secondary care services [111]. Previous research 

suggests that the quality and comprehensiveness of the reviews is varied [113]. Variation in 

implementation means that somewhere between 50% and 86% of people with dementia receive 

an annual review [114]. Whilst a medication review is not explicitly included, the annual review 

provides a vital opportunity to review medications as part of the comprehensive assessment, 

potentially reducing inappropriate polypharmacy and PIMs. There is little understanding of the 

impact of these annual reviews on the quality of care provided to patients. Further research is 

needed to understand the role of financial incentive schemes such as the QOF on the quality of 

patient care afforded to people with dementia, a key marker of which is appropriate medication 

optimisation. 

 

1.13 Observational studies  

A large number of studies understanding polypharmacy and potentially inappropriate medication 

use have applied observational methods to understand prescribing in a range of cohorts of older 

adults. Observational studies can be particularly informative in providing evidence to determine 

the implications of a medication in real-world, representative settings. This can include patient 

populations that are heterogeneous and representative of the general population. [115]. 

Electronic health records, for example have been widely used to inform research into prescribing 

[116], health care utilization, health economics [117], disease prevalence and incidence and risk 

factors. Using electronic health records to inform research is particularly useful for patient 

populations where disease cases are rare, and in situations where clinical trials are not ethical or 

feasible. Patient records can be used to assess how implementing national policy initiatives 

changes clinical practice. This approach provides an opportunity to analyse a rich and large source 

of important patient data to inform clinical practice. Observational cohort studies, such as the 

Cognitive Function and Ageing Studies or the English Longitudinal Studies of Ageing are integral to 
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our current understanding of the prevalence and incidence of diseases. This includes our 

understanding of dementia and associated risk and protective factors [1, 118].  

However, there are limitations to observational studies. Compared to a trial, the uncontrolled 

nature of an observational study means that causal relationships are difficult to ascertain. The 

relationship between a variable (e.g. a medication) and an outcome (e.g. mortality) can be 

understood in terms of an association. Although a range of factors can be adjusted for to more 

accurately understanding the relationship, residual confounding that is not accounted for can lead 

to biased findings [119]. Additionally, observational studies can be limited by the data that is 

collected or available. Increasingly, large, electronic patient medical records are used to 

understand prevalence and outcomes of prescribing in a patients. However, these datasets will 

generally be limited in the availability of key lifestyle factors such as diet, smoking, alcohol intake 

and socio-economic status [120]. Furthermore, data may be missing or unstandardized in studies 

using questionnaires as participants choose to omit responses within the survey or recording of 

data is not standardised across data collection methods. This could increase the risk of inaccurate 

recording of exposures, outcomes and covariates. 

 

1.14 Summary  

Cognitive impairment and dementia are prevalent in the older population and have a significant 

impact upon individuals, their family, carers, health professionals, healthcare service provision 

and the economy, in the UK and globally. Many people are also living with comorbidities and take 

multiple medications to manage these comorbidities, diseases and behavioural and psychological 

symptoms of dementia. However, we do not know the impact of prescribing in people with 

cognitive impairment or dementia and clinical guidelines are needed to support prescribers in 

making evidence-based, informed decisions around prescribing in this population. It is the aim of 

this research study to improve understanding of the challenges of multiple medication use in 

people with dementia and cognitive impairment and how this might be addressed.  

 

1.15 Outline of thesis  

The remaining chapters of this thesis report and discuss the studies I completed to understand 

the challenges of multiple medication use in people with dementia and cognitive impairment. My 

studies included a scoping review of the literature to understand the current evidence base and 
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motivate the subsequent research. The subsequent studies analyse two existing data sources, an 

electronic primary care health record dataset and the Cognitive Function and Ageing Studies. The 

remaining chapters are outlined.  

Chapter two outlines further contextual grounding for this study through a scoping review of 

research into potentially inappropriate prescribing and strategies for optimising medications in 

older adults and people with dementia. This review explores the prevalence of inappropriate 

prescribing, potential for adverse effects and the heterogeneity of the older population. 

Comprised of a huge variety of people with varying levels of physical, cognitive and psychological 

disability, disease and frailty. The gaps in understanding of inappropriate prescribing amongst 

people with dementia are identified and discussed, motivating the subsequent work. Chapter 

three outlines the aims and objectives of my study based within the findings of the review of the 

literature and the identified research and knowledge gaps. The pharmacoepidemiological 

approach used in this study and the existing data sources that are used to conduct the studies are 

introduced and set out in terms of the aims and objectives.  

Chapter four presents the methods and statistical approaches used to analyse a primary care 

cohort of patients with dementia in primary care in England (Clinical Practice Research Datalink, 

CPRD). This chapter describes the methods used to address two aims of my study, to estimate the 

prevalence of potentially inappropriate prescribing in people with dementia and to understand 

the factors associated, including the potential impact of primary care reviews on prescribing. 

Chapter five describes the results of my analysis of the CPRD cohort study, reporting prevalence 

estimates and the change in medication use associated with medication review and annual 

dementia care review.  

Chapter six presents the methodological approach used to analyse a subsample of the Cognitive 

Function and Ageing Studies (CFAS) cohort. This is a sample of older, cognitively impaired adults 

and the methods used address two aims of this research. First, estimating the prevalence of 

polypharmacy and potentially inappropriate medication use. Second, to understand the impact of 

polypharmacy and potentially inappropriate medication use on health and the potential role of 

frailty on this relationship. Chapter seven reports the findings of the analyses applied to the CFAS 

II subsample. Chapter eight and the final chapter in this study is a discussion of the findings, 

methodological approaches and implications of this research.  
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II. Chapter 2: Polypharmacy and Potentially Inappropriate 
Medication Use. A Scoping Review of Reviews  

(a) Objectives  

Polypharmacy and PIM are significant in the care of older adults with comorbid health conditions. 

Polypharmacy is associated with an increased risk of being prescribed a medication that is 

potentially inappropriate. Both polypharmacy and PIM are associated with increased risk of 

adverse effects including hospitalisation and mortality [121, 122]. Optimising medications for 

people with dementia may prevent exposure to medication related harm [123]. A large body of 

literature has estimated the effect of polypharmacy and PIM use in older adults, however the 

nature of polypharmacy and its impact among people with cognitive impairment are likely to be 

different  [123]. To develop research questions to help optimise medication use for people with 

dementia, first it is necessary to survey the available literature surrounding polypharmacy and 

PIM in older adults generally and people with dementia specifically, hence identifying pressing 

gaps in knowledge in this area. With this in mind, a scoping review of the literature was 

conducted with four key objectives:  

(1) To describe the range and nature of research into polypharmacy and PIM use in people with 

dementia and older adults 

(2) To assess the evidence of harm associated with inappropriate medication use in people with 

dementia 

(3) To identify gaps in the evidence base, including stated areas of future research  

(4) To inform the development of specific research questions for this study. 

 

2.02 Methods  

(a) Scoping review  

To review the current literature, I conducted a scoping review of review studies. A scoping review 

is one of many methodologies for reviewing and synthesising research and evidence. Arksey and 

O’Malley (2005) proposed the original framework and defined the aim of a scoping review as to: 

“map rapidly the key concepts underpinning a research area and the main sources and types of 

evidence available” [124]. Since then definitions have varied, but whilst there is no established 

definition, the concept is underpinned by mapping and understanding a wide range of literature 

and evidence [125].  
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(i) Why a scoping review? 

Scoping reviews describe the breadth of evidence across a given field, rather than answering a 

specific question. This is contrary to a systematic review which reviews evidence on the 

effectiveness of an intervention on specific outcomes, in a specific population, for example. 

Scoping reviews do not quantitatively synthesise evidence using meta-analysis. However like 

systematic reviews, scoping reviews have guidelines and frameworks such that they are replicable 

and adhere to specific standards. Frameworks for scoping reviews continue to be developed. 

Recently, reporting guidelines have been developed for scoping reviews. The process of a scoping 

review is becoming more established as an approach with clear advantages over a systematic 

review, in appropriate contexts.  

 

(i) Why a review of reviews?  

Multiple systematic reviews now exist that synthesise evidence from across many studies 

addressing similar research questions in polypharmacy and PIM among older people. As multiple 

reviews exist, there becomes a need to reintroduce clarity and understanding of the research 

area. A review of reviews enables synthesis across different research questions on similar areas, 

to understand levels of consensus or disagreement and nuances around this. Moreover, a review 

of reviews can include evidence from different types of interventions or from reviews of the same 

intervention with different outcome measures, for example. In addition, a number of reviews can 

be summarised addressing different problems or populations [126]. Although primary literature 

and studies that have not yet been included in a review may be missed, in applying this to the 

desired outcomes of conducting a review for this study, a review of reviews appeared to show 

considerable benefit. In particular, in understanding the research around different problems, such 

as polypharmacy and potentially inappropriate medication. As well as the effectiveness of 

different interventions and different outcomes. And, in different populations and settings, 

including older adults and people with dementia across primary and secondary care.  

 

(ii) Scoping review framework 

A scoping review framework was originally proposed by Arksey and O’Malley in 2005. Since then, 

it has been extended, developed and refined by Levac et al (2010) and by Peters et al (2015) [124, 

125, 127]. The framework was used to direct the review and is described in Table 1.   
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Tocca and colleagues recently re-developed the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) checklist for application to scoping reviews. The reporting of this 

scoping review is therefore guided by the PRISMA Extension for Scoping Reviews (PRISMA-ScR) 

checklist [128] (Appendix 1 Section 10.01 ).   

 

Table 1 Framework used to inform the scoping review for this research study, based on the original framework proposed 

by Arksey and O’Malley (2005) and developed by Levac et al., (2010) and Peters et al., (2015) 

Step  Detail   

Step 1: Identify the research 

question 

Because the aim of the scoping review was to map the 

literature, the research question should be adequately 

broad to encompass this.  

Step 2: Identify relevant studies Including which sources were to be studied, the type of 

literature included in the review and restrictions that 

were influenced by time and resource capabilities. 

Step 3: Study selection Inclusion and exclusion criteria were refined to guide the 

systematic process of selecting relevant studies.  

Step 4: Charting the data or data 

extraction 

Key information from studies was extracted, charted and 

sorted to synthesise and interpret the studies. Charting 

extraction tools were pre-defined to agree on the data 

to be extracted from the studies that addresses the 

objectives of the review. 

Step 5: Collating, summarizing and 

reporting the results 

The collated data was summarised. A descriptive or 

narrative approach was taken rather than a synthesis of 

effectiveness or weight of the evidence. Possible gaps in 

the literature were identified.  

  



40 

 

(b) Eligibility criteria  

To be included in the review, reviews needed to include studies of older adults (primarily defined 

as over the age of 65 years) or people with a diagnosis of dementia. Studies needed to address 

polypharmacy (the use of multiple medications) according to any definition, or PIM use as 

identified through validated criteria. Reviews of studies addressing interventions were included if 

the purpose of the intervention was to address polypharmacy or medication appropriateness. 

Peer-reviewed journal publications were included if they were written in English, involved human 

participants and were review studies. Review studies were included if they were systematic or 

applied a systematic approach (literature search terms and methods for identifying literature 

were identifiable).  

Studies were excluded if they focused on older adults with comorbid health conditions other than 

cognitive impairment or dementia. Studies addressing end of life or palliative care and studies on 

medication adherence were excluded. Non-systematic literature review, opinion pieces and 

reviews of policy or industry documents were also excluded. 

 

(c) Information sources and selection of studies  

To identify potentially relevant review articles three databases were searched, MEDLINE, EMBASE 

and Cochrane Library for Systematic Reviews. Search terms included ‘polypharmacy’, 

‘inappropriate prescribing’, ‘potentially inappropriate medication’ and ‘older adults’ or 

‘dementia’. The full search strategy and terms for each database can be found in Appendix section 

10.02. I conducted all titles and abstract screening and full text reviews, the final search results 

were exported into Mendeley and duplicates were removed.  

 

(d) Data charting  

A data-charting form was used to extract relevant information from the reviews. Data from 

eligible studies were charted in the extraction tool in Excel, capturing relevant information on key 

study characteristics, including the number and type of studies included in the review, participant 

group and setting. Key findings were extracted along with descriptive estimates of polypharmacy 

and how polypharmacy was defined, and descriptive estimates and definitions of PIM. If relevant, 

interventions and outcomes, adverse effects associated with polypharmacy and PIM and key drug 
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classes were extracted. Suggestions for future research explicitly identified by the review authors 

were also extracted. An example of the data charting form exemplified with one review is 

provided in Table 2.  

Table 2 Example of completed data charting form used for extracting relevant information from the reviews included in 

the scoping review 

Data extraction  Review details  

Bibliographic 

information (Authors, 

year, title)  

Alldred, D. P., Kennedy, M. C., Hughes, C., Chen, T. F., & Miller, P. 

(2016).  Interventions to optimise prescribing for older people in care 

homes. 

Countries of included 

studies  

 Australia, Finland, Israel, Netherlands, New Zealand, Spain, Sweden, 

UK, USA, Canada 

Aims of review  Evaluate evidence for interventions to address suboptimal prescribing 

in care homes to identify how care can be improved in this frail and 

vulnerable population. 

Review design  Systematic review  

Types of studies 

included (n)  

RCTs (n=12)  

Study samples 

n, age group, care 

setting  

Older adults; n= 10,953; 65+ years; Care homes  

Key findings  Due to the quality of the evidence robust conclusions could not be 

drawn. The outcomes showed no evidence of effect of interventions 

on adverse drug events or mortality. Uncertain whether medication 

review reduces hospital admissions or improves quality of life. 

Medication review may lead to improvement in medication 

appropriateness and may lead to identification and resolution of 

medication related problems. Unclear about impact of medication 

review on decreasing medication costs.  

Descriptive statistics 

of PIM / 

polypharmacy  

Not assessed 

Definition of PIM  5/12 studies addressed medication appropriateness using: Medication 

Appropriateness Index (MAI), STOPP-START, and composite criteria of 
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Data extraction  Review details  

Beers, Anticholinergic Risk Scale, >2 psychotropic drugs, NSAIDs and 

proton pump inhibitors 

Intervention Medication review was included in 10/12 studies. Otherwise the 

interventions were multifaceted and diverse, included education of 

care home staff, clinical decision support technology and multi-

disciplinary case conferencing, pharmacist evaluation of medications 

(pharmacist conduct medication review) 

Purpose of 

intervention  

To optimise prescribing and reduce suboptimal prescribing in care 

homes 

Outcomes of 

intervention  

Primary outcomes: adverse drug events, hospital admissions, 

mortality. Secondary outcomes: quality of life, medication related 

problems, medication appropriateness, medicine costs 

Key drug classes  Appropriateness measured using tools but specifically also included 

anticholinergics, psychotropic drugs, NSAIDs and PPIs 

Harm associated with 

PIM / polypharmacy  

Not assessed  

Suggestions for 

future research 

High quality and powered RCTs needed to identify effective 

interventions to optimise prescribing in care homes. Effectiveness of 

clinical decision support systems and multidisciplinary interventions in 

this context is needed. Further work needed to develop consensus on 

identifying, defining, measuring, reporting and analysing important 

resident related outcomes, including quality of life to enable meta-

analyses to be conducted on future RCTs 
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(e) Synthesis of results  

Review study characteristics were summarised, including setting, population and study types 

included in the review. The results from the reviews were grouped and summarised by the 

various definitions of polypharmacy, prevalence of polypharmacy and PIMs in older adults and 

people with dementia. Criteria used to identify PIMs, PIMs in older adults and people with 

dementia were summarised. The adverse effects associated with polypharmacy and PIMs and key 

medication classes identified across the reviews were reported. Finally interventions and 

suggestions for future research identified from the reviews were summarised. For the purpose of 

this chapter, the findings from this scoping review are reported in an integrated synthesis and 

discussion.   
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2.03 Synthesis and discussion of review findings  

(a) Selection of sources of evidence  

Database searches were run to include review studies published until December 2018. An initial 

search was conducted in 2015 and the search and search terms were updated to include reviews 

published until December 2018. This scoping review covers reviews published from 2003-2018. A 

total of 54 review articles were eligible to be included, see Figure 1 for selection of sources flow 

diagram. Across the electronic databases searched 4,779 articles were initially identified 

(Cochrane n=556, Medline n=3,215, Embase n= 1,098). Based on the title and abstract 4,495 were 

excluded, 19 duplicates removed, 236 studies excluded because they were not review studies and 

119 full text articles were subsequently retrieved and assessed for inclusion. Of these 65 were 

excluded; reasons for exclusion included review focusing on medication adherence or palliative 

care (n=10), study design was not a systematic review (n=9), review focus was on other health 

conditions (n=13), pharmacological treatments evaluation (n=11), polypharmacy or PIM were not 

defined by criteria (n=10), or the purpose of the intervention did not meet the inclusion criteria by 

not addressing medication appropriateness (n=12). The authors of three studies were contacted 

for access to full-text manuscripts however they did not respond and therefore the final total of 

included studies was 51.  
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Figure 1 Selection of sources of review studies included in the scoping review flow diagram 
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(b) Characteristics of Reviews  

Of the 51 reviews included, 8 were systematic reviews with meta-analyses [129–136]; others were 

systematic reviews without meta-analysis or literature reviews applying an identifiable systematic 

approach.  An overview of review characteristics is in Table 3. A total of 1,391 primary studies 

were included across the 51 reviews. Although, this includes duplication of studies due to some 

studies being relevant to more than one review. Seven reviews specifically focused on care homes 

(including nursing and long-term residential care), four reviews included studies with exclusively 

community dwelling participants and four reviews included studies in hospital settings.  

There were eleven reviews of polypharmacy or PIM prevalence across community, care home and 

hospital settings [137–147]. Eight reviews of the outcomes of polypharmacy or PIM, including 

economic impact, risk of adverse reactions such as mortality, hospitalisation and physical function 

[141, 142, 148–153]. Fourteen were reviews of studies defining polypharmacy and PIMs, such as 

reviews of PIM criteria [154–167]. There were 21 reviews focused on or including studies of 

medicines optimisation interventions in older adults and people with dementia, across primary 

and secondary care [130–132, 134, 140, 145, 167–180]. There were two reviews of qualitative 

studies of prescriber and patient perspectives on prescribing PIMs and polypharmacy [181, 182].  

Of the reviews identified, eight included studies of people with dementia [136, 137, 142, 146, 156, 

165, 166, 169]. These reviews were largely conducted in nursing homes or long-term care facilities 

[156, 165, 169], hospitals [146] or in a variety of settings that included hospitals, care homes as 

well as community based studies [136, 137, 142, 166]. One systematic review focused on the 

identification of potentially inappropriate prescribing in advanced dementia or palliative care 

[156] and found evidence for a programme to support appropriate medicines in palliative care of 

people with advanced dementia. A second review sought to identify criteria for medication 

appropriateness and evidence for interventions to improve appropriateness in nursing home 

residents with advanced dementia [177]. The findings from this review were also used in a 

multidisciplinary Delphi panel consultation to identify categories of medication appropriateness in 

advanced dementia (generally, sometimes and rarely appropriate). A third review was of studies 

of polypharmacy and PIM prevalence in people with and without cognitive impairment in 

hospitals. This review indicated a high prevalence in both people with and without cognitive 

impairment (including people with dementia) [146]. One review included studies of interventions 

to reduce polypharmacy in people with dementia. The results from the meta-analysis of findings 

from five studies did not indicate any association with reduced mortality [171]. Another was a 

systematic review of studies of PIM use in people with cognitive impairment and dementia, 
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including evidence about the association of cognitive impairment or dementia with PIMs [142]. 

This review found that PIM prevalence ranged from 10.2% to 56.4% in people with cognitive 

impairment or dementia, and was higher in nursing homes than community settings. This review 

also found no evidence of a positive association between cognitive impairment or dementia and 

PIM exposure [142].   
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Table 3 Characteristics of review studies included in scoping review of reviews 

Reference  Review type  Type of studies included  Review topic  Studies 
(n) 

Participants  Setting  

Bokhof & Junius-
Walker (2016). 
 

Synthesis of 
qualitative 
studies  

focus groups, semi-
structured or in-depth 
interviews, Delphi 
approach 

Reducing 
polypharmacy 
from prescriber 
and patient 
perspective  

14 Older adults   Community, 
primary care  

Chang & Chan (2010) 
 

Systematic 
review  

Criteria for identifying 
PIM  

Defining PIM   - Older adults   Mixed  

Corsonello et al., 
(2012) 
 

literature 
review  

- Defining PIM   59 Older adults  Mixed  

Corsonello et al.,  
(2009). 
 

literature 
review  

Reviews and 
observational studies  

Defining PIM   - Older adults  Hospital  

Cullinan et al.,  
(2014). 
 

Systematic 
review and 
meta-
synthesis  

Qualitative  Understanding 
PIM prescribing 
from prescriber 
and patient 
perspective  

7 Older adults  Mixed  

Ćurković et al.,  
(2016) 
 

Literature 
review  

- PIM prevalence 
and risk factors  

138 Older adults  Care home, 
community 

Dimitrow et al., 
(2011) 
 

Systematic 
review  

Criteria for identifying 
PIM  

Defining PIM   16 Older adults  Mixed  

Disalvo et al (2016) 
 

Systematic 
review  

Cohort (longitudinal and 
cross-sectional), 
prospective cohort, , 
Delphi consensus, 
factorial survey design  
 

Defining PIM   8 People with 
dementia   

Nursing 
home, long-
term care, 
hospice, 
community  

Fulton et al., (2005). 
 

Systematic 
review  

Observational: 
Descriptive, cohort, 
cross-sectional, 
longitudinal, 
prospective, 
retrospective. Delphi 
survey 
 

Definition of 
polypharmacy, 
interventions  

16 Older adults Primary care  

Gallagher et al., 
(2007) 
  

Literature 
review  

- Prevalence, 
outcomes, 
criteria  

- Older adults  Mixed  

Guaraldo et al., 
(2011). 
 

Systematic 
review  

Studies of secondary 
source data i.e. 
insurance company and 
social security 
administrative data.  
 

Prevalence and 
risk factors  

19 Older adults  Community  

Hajjar et al., (2007) 
 

Literature 
review  

Observational and RCTs  Prevalence and 
interventions  

58 Older adults  Mixed  

Hill-Taylor et al,. 
(2013) 
 

Systematic 
review  

RCTs and observational 
studies  

Prevalence and 
outcomes  

13 Older adults  Community, 
acute care, 
long-term 
care  

Hyttinen et al.,  
(2016) 
 

Systematic 
review  

Cohort Outcomes (health 
care costs)  

39 Older adults  Mixed  

Johnell (2015)  
 

Systematic 
review  

Observational and RCTs  Prevalence and 
adverse effects  

22 People with 
dementia and 
cognitive 
impairment   

Community, 
nursing 
home, 
hospital  

Kouladjian et al.,  
(2014). 
 

Literature 
review  

- Defining PIM   - Older adults  Mixed  

Kroger et al., (2015). 
 

Scoping 
review  

- Defining PIM and 
interventions  

79 People with 
dementia  

Nursing 
home  
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Levy et al., (2010). 
 

Literature 
review  

Criteria for identifying 
PIM  

Defining PIM  8 Older adults  Community, 
nursing 
home, 
primary care 

Matanović et al., 
(2012). 
 

Literature 
review  

Criteria for identifying 
PIM  

Defining PIM  11 Older adults  Mixed  

Morin et al., (2016) 
 

Systematic 
review  

Observational, cross-
sectional  

Prevalence  48 Older adults  Nursing 
home  

Motter et al., (2018). 
 

Systematic 
review  

Criteria for identifying 
PIM  

Defining PIM   36 Older adults  Primary 
care, nursing 
home, 
hospital  

Muhlack et al., 
(2017). 
 

Systematic 
review and 
meta-analysis  

Prospective, 
retrospective cohort  

Adverse effects  16 Older adults  Community, 
nursing 
home, 
hospital  

Opondo et al., 
(2012). 
 

Systematic 
review  

Cohort, observational  Prevalence  19 Older adults  Primary care  

Pérez-Jover et al., 
(2018). 
 

Systematic 
review  

Empirical studies  Prevalence and 
interventions 

80 Older adults  Mixed  

Peron et al., (2011). 
 

Narrative 
review  

Observational or 
intervention  

Adverse effects  19 Older adults  Mixed  

Redston et al., (2018) 
 

Systematic 
review  

Observational studies  Prevalence  47 Older adults 
with and 
without 
cognitive 
impairment  

Hospital  

Rodrigues et 
al.,(2016). 
 

Integrative 
review  

Prospective, 
retrospective, case-
control, cross-sectional, 
cohort study, RCT, 
longitudinal, survey, 
intervention, single blind 
controlled study,  
 

Adverse effects  47 Older adults  Mixed  

Salahudeen et al.,  
(2015). 
 

Systematic 
review  

Criteria for identifying 
PIM  

Defining PIM   7 Older adults   

Santos et al,. (2015).   
 

Systematic 
review  

Criteria for identifying 
PIM  

Defining PIM   119 Older adults  Mixed  

Skinner (2015). 
 

Literature 
review  

Criteria for identifying 
polypharmacy  

Polypharmacy  16 Older adults  Primary care  

Storms et al,. (2017) 
 

Systematic 
review  

- Prevalence 21 Older adults Long-term 
care facilities  

Tommelein, et al,. 
(2015).   
 

Systematic 
literature 
review  

Observational studies  Prevalence  52 Older adults  Community 

Villalba-Moreno, et 
al., (2016) 
 

Systematic 
review  

Systematic review, cross-
sectional, cohort, 
experimental, 
longitudinal  

Defining PIM  25 Older adults  Mixed  

Wang et al,. (2018). 
 

Systematic 
review  

RCTs, cohort studies, 
case-control and case-
cross over  

Adverse effects  32 Older adults  Care and 
nursing 
home  

       
Intervention reviews       
       
Alldred et al., (2016) Systematic 

review  
RCTs Interventions 12 Older adults  Care home  

Christensen & Lundh 
(2016)  

Systematic 
review  

RCTs Interventions 10 Older adults  Hospital  

Clyne et al., (2012) Literature 
review  

Cluster-RCTs, RCTs, 
interrupted time series, 
cohort studies  

Interventions 14 Older adults  Ambulatory 
care, nursing 
home, 
hospital 

Clyne et al., (2016). Systematic 
review  

RCTs Interventions 12 Older adults  Community  

Cooper et al., (2015) Systematic 
review  

RCTs, cluster RCTs, 
controlled before-and-
after studies  

Interventions 12 Older adults  Mixed  



50 

 

Forsetlund et al., 
(2011) 

Systematic 
review  

RCTs Interventions 20 Older adults  Nursing 
homes  

Johansson et al., 
(2016) 

Systematic 
review and 
meta-analysis  

Controlled trials  Interventions 25  Older adults  Primary 
care, 
community, 
nursing 
home  

Kaur et al., (2009) Systematic 
review  

- Interventions 24 Older adults  Mixed  

Page et al., (2016) Systematic 
review and 
meta-analysis  

Experimental and 
observational  

Interventions 116 Older adults 
and people 
with dementia  

Mixed  

Page et al.,  (2016) Narrative 
review  

- Interventions - Older adults  Mixed 

Rankin et al., (2018) Systematic 
review  

RCTs, non-randomised 
RCTs, controlled before-
and-after, interrupted 
time series 

Interventions 32 Older adults  Hospital, 
primary 
care, nursing 
home  

Rollason & Vogt  
(2003) 

Systematic 
review  

RCTs, controlled trials  Interventions 14 Older adults  Outpatient 
settings, 
hospital  

Thillainadesan 
(2018) 

Systematic 
review  

RCTs Interventions 9 Older adults  Hospital  

Thiruchelvam et al., 
(2017). 

Systematic 
review  

RCTs and observational 
studies 

Interventions 22 Older adults  Care home  

Tjia et al., (2013) Systematic 
review  

Controlled trials, pre-
post interventions, case 
series  

Interventions  36 Older adults  Nursing 
home, 
hospice, 
community  

Walsh et al., (2016) Systematic 
review and 
meta-analysis  

RCTs and non-
randomised trials  

Interventions  4 Older adults  Hospital  

Wilsdon et al., (2017) Systematic 
review  

RCTs and non-
randomised trials  

Interventions 21 Older adults  Mixed  
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(c) Summary of evidence from the review findings  

There was strong evidence for the high prevalence of PIM among older adults. Weighted PIM 

prevalence estimated around one fifth of older adults were prescribed PIM (22.6% 95% CI 19.5%-

26.7%) in primary care [144, 183]. In addition, 43.2% (95% CI 37.3%-49.1%) of nursing home 

residents were prescribed PIM [143]. There was no consensus on a definition of polypharmacy 

and a range of definitions are applied across the literature [167]. There was consistent evidence 

that polypharmacy and PIM prevalence varied depending on the care setting, with variation in the 

use of multiple medicines across hospital, care home and community settings. Multimorbidity was 

also consistently associated with  increased medicines use [132, 167].  

There was some evidence that polypharmacy and PIM was associated with adverse drug reactions 

and drug-interactions, however these findings were not consistent across studies, quality of 

evidence was often not assessed and results from across studies were not statistically tested [141, 

184]. The scoping review indicated that there was conflicting evidence that PIMs were associated 

with hospitalisation. There was also conflicting evidence that psychotropic medicines were 

associated with hospitalisations in one review [148]. There was some evidence that some 

psychotropic medicines (namely, benzodiazepines) were associated with hospitalisation. But 

evidence from some studies of psychotropic medicines, including antipsychotics, found no 

evidence of association with hospitalisation, whereas other studies (rated as high quality) found 

association of antipsychotic medicines with cause-specific hospitalisations [148]. However, 

another review identified evidence that PIMs were associated with increased hospitalisation and 

health care utilisation [152], although the study estimates were not pooled for statistical testing 

of findings across studies. The evidence of the association of PIMs with length of hospital stay or 

readmission to hospital was inconclusive [152]. However, the current evidence may have been 

biased by the predominant use of prevalent rather than incident medication user study designs. 

Moreover, studies often failed to consider variation in medication use over time and subsequent 

impact on outcomes [148].   

There was conflicting evidence of the association between polypharmacy and PIMs and functional 

decline [150]. Some studies indicated that increased number of prescriptions, was associated with 

physical function decline but PIMs were not [150]. However, there was some evidence that 

specific PIMs, including benzodiazepines and anticholinergics were associated with worse physical 

function [150]. 

There was conflicting evidence of the association between PIM and mortality in older adults. One 

review found no association after combining studies in a meta-analysis [171]. Another review also 
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found no association in studies with high risk of bias from using prevalent user study designs. 

Once meta-analyses were restricted to incident-user designs (so that adverse events that occur 

early after the initiation of medication are accounted for), PIM was associated with significant 

mortality risk [151].   

There was strong evidence for the role of specialists such as pharmacists in interventions to 

improve medication appropriateness, particularly in care home settings [173, 177]. Furthermore, 

there was strong evidence for the effect of medication review to reduce polypharmacy and PIM 

use. However, there is limited evidence of the effect of a review on clinical and patient outcomes 

including on adverse drug events [129], mortality [129, 133, 169], falls [169] and hospital 

admission [133, 169], quality of life and medicine costs [129]. Although, there was some evidence 

that interventions were not associated with increase in drug withdrawal events [171].  

 

(d) Summary of evidence from reviews of studies of people with dementia and 
cognitive impairment  

Evidence from the scoping review indicated that the importance of medicines optimisation is a 

topical issue, when prescribing to people with advanced dementia, particularly in nursing homes. 

The evidence from the scoping review suggested that polypharmacy was common in people with 

dementia in hospitals and nursing homes [146, 156, 177]. There was some evidence that 

polypharmacy was prevalent in 53.2% to 89.8% of people with cognitive impairment in hospital 

settings [146]. Polypharmacy prevalence was slightly higher in people with dementia (56.7%-

83.7%) compared to people without dementia in hospital settings (51.5%-76.8%) [146]. 

Furthermore, PIM prevalence in people with cognitive impairment ranged from 20.6%to 80.5% 

(Beers criteria) and 39.3% to 88.5% (STOPP criteria) [146]. Whilst PIM use was prevalent in people 

with cognitive impairment, one review argued that there was no evidence of positive association 

between cognitive impairment and PIMs [142].  

From the reviews, it is clear that there are a number of medications that are considered 

potentially inappropriate for use in people with dementia. The findings from this scoping review 

suggested that there were few criteria that had been reviewed focusing on prescribing in this 

population. One system for appropriate prescribing in palliative care of people with advanced 

dementia was reviewed. The Palliative Excellence in Alzheimer Care Efforts (PEACE) program was 

applied in five studies included in one systematic review [156, 185]. A second criteria for 

identifying PIM in moderate or severe dementia was also identified in another review [165].  
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From one review, there was little evidence to suggest that dementia or cognitive impairment 

were associated with an increased likelihood of PIM prescription and in a number of studies, were 

associated with decreased likelihood of PIM [142].  One systematic review and meta-analysis 

included a sub-group analysis of intervention studies among people with dementia. This review 

found no evidence that interventions to reduce polypharmacy in people with dementia (and in 

older adults) were associated with reduced mortality [171]. The findings from the scoping review 

are discussed in the following sections.  

 

(e) Polypharmacy and PIM prevalence in older adults and people with dementia  

My scoping review found that polypharmacy and PIM use is prevalent in older adults and in 

people with dementia. Estimates of polypharmacy prevalence ranged from 5% to 78% in primary 

care [167] and around 50% in nursing home residents [137]. However, the review also highlighted 

the variety of definitions of polypharmacy used. There was conflicting evidence across the reviews 

on defining polypharmacy. Generally, more than four medications or more than five medications 

was considered as a cut-off for polypharmacy [130, 131, 134, 168, 180]. One review argued that 

five or more medications was established from animal and epidemiological studies and is 

predictive of clinically relevant adverse effects [136]. Without a consensus on a definition, 

comparable prevalence estimates are difficult to ascertain and estimates will vary widely.  

Polypharmacy and hyper-polypharmacy (>10 medications) were also recognised as key challenges 

among people with dementia. In hospital settings, prevalence of polypharmacy in people with 

dementia ranged from 30% to 97% [146]. A systematic review of PIM in people with dementia in 

hospitals was published after the searches for this review were completed. This review found that 

polypharmacy prevalence (defined as five or more medications) ranged from 25% to 98% in acute 

care settings [186]. Whilst estimates do vary, primary studies among people with dementia in the 

community also estimate relatively high prevalence of polypharmacy. A study conducted among 

French community dwelling cohort of people with dementia in the REAL.FR study, estimated that 

43% were prescribed polypharmacy (defined as five or more medications) [187]. In another study 

of 2,665 community dwelling people with dementia from the National Institute of Aging (NIA)-

funded National Alzheimer’s Coordinating Centre Uniform Data Set (UDS) (United States, 2005-

2007), polypharmacy was prevalent in over 50% of people with dementia [188]. In addition, 

evidence from people with dementia in primary care in Northern Ireland, estimates the 
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prevalence higher, with 85% exposed to 4 or more regular repeat medications [189]. Estimates 

will vary depending on the cohort, setting and definition of polypharmacy, and this will change 

with time. In view of this, it is important that we understand the prevalence of polypharmacy 

amongst people with dementia, particularly in primary care in the United Kingdom, where much 

prescribing occurs. Up-to-date and population representative estimates from large cohort studies 

are informative in understanding the extent of the problem. These studies can help inform the 

development of service priorities for prescribing to people with dementia.  

Exposure to PIMs varies across care settings, with around 20% of older adults in primary care and 

40% in care homes exposed to PIMs [143, 144, 183]. Three reviews estimated prevalence of PIMs 

in people with dementia (See Table 4). In nursing homes, prevalence of PIM use amongst people 

with advanced dementia was estimated as 29% to 54% [156] and from 39% to 88% among people 

with dementia in hospitals [146]. The recent review of PIM in people with dementia, estimated 

PIM prevalence as ranging from 14% to 74% across 26 studies [186]. Primary studies of PIM use 

amongst people with cognitive impairment or dementia in the UK are limited. As identified 

through this review, will often focus on people with dementia in care homes [190], hospital [146] 

and advanced dementia [156]. The impact of PIM on people with dementia is increasingly 

recognised and specific criteria have been developed for medicines management in people with 

advanced dementia and palliative care [191]. Priorities for care, including the persons and their 

carers priorities will change as the disease progresses and the management of medications as part 

of care planning will also change overtime [95]. We need to better understand the impact and 

predictors of polypharmacy and PIMs among people with dementia across the disease trajectory 

is valuable as more people are diagnosed, and efforts to reduce unnecessary hospital admissions, 

such as through medication error, are increased [94].   

There was some indication that people with dementia may be exposed to a greater number of 

PIMs and primary studies provide similar indications. In Denmark, a cross-sectional study (2014) 

of people with dementia (n=35,376) estimated around twice as many people with dementia (62%) 

compared to people without dementia (n= 994,231) (35%) were exposed to PIM [192]. Similar 

estimates were found across eight European countries involved in the ‘RightTimePlaceCare’ study 

including over 2,000 people with dementia, with around 60% prescribed at least one PIM and 26% 

at least two [193]. However, this sample included people with dementia if they were in long-term 

care or at risk of admission and therefore does not represent the majority of people with 

dementia living in the community. Previous primary studies of PIM use among people with 

dementia estimated around one fifth of people with dementia were prescribed one PIM (23%, 

95% CI 22.0-24.0) and one quarter were prescribed three PIMs (24.6% 95% CI 23.6-25.7%) [189]. 
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These findings may underestimate the extent of PIM prescriptions since only people prescribed 

medication for mild to moderate Alzheimer’s disease were sampled. The prescription of PIMs has 

also been estimated as higher among people with dementia who are living in care homes. A study 

estimating PIM use of people with dementia in care homes in England as part of the longitudinal 

EVIDEM – End of Life (EoL) study (n=133), found 46% of people with dementia were prescribed at 

least one PIM, nearly twice as high as those in the community [190]. However, these findings are 

from a small and unrepresentative sample. Further research is required to understand what 

individual and external characteristics, such as primary care prescribing practices, increase the risk 

of exposure to PIMs in people with dementia.  
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Table 4 PIM prevalence estimates amongst older adults, people with dementia or cognitive impairment from reviews 

Setting, Authors PIM prevalence (%)   PIM prevalence (%) by criteria 
Community-dwelling older adults 
Muhlack et al (2017) 5.2- 48.7   
Tommelein et al (2015) 22.6 (95% CI 19.2-26.7)  Beers (1997) 2.2 - 38.7 

Beers (2003) 5.8 - 38.5 
STOPP (2008) 5.8 - 42.0 

Clyne et al (2016)1 18 - 100   
Chang et al (2010)  Beers (2003) 18.3-41.9  

STOPP 21.4 
Guaraldo et al (2011) 11.5-62.5 Beers (1997) 14.3- 24.4 

Beers (2002) 18 - 62.5 
  

Primary care 
Opondo et al (2012) 20.0 (range 2.9-38.5 )  Beers (1997) 4.5-21.0 (median 12.7) 

Beers (2003) 2.9-38.5 (median 23.6) 
  

Care, nursing or long-term residential home 
Muhlack et al (2017)  2.3 -50.3   
Morin et al (2016)  43.2 (95% CI 37.3 - 49.1)   
Chang et al (2010)  Beers (2003) 18-34.9 
Storms et al (2017)   Beers (2003) 21.3-63.0 (median 

35.1) 
STOPP 23.7 - 79.8 (median 61.1) 

Hospital  
Muhlack et al (2017)  14.8 – 23.7  
Corsonello et al (2009)   Beers 16-49 
Chang et al (2010)  Beers (2003)  14-44.1 

STOPP 35.0 
  

Mixed settings  
Hill-Taylor et al (2013)  STOPP 21.4-79 
 
People with dementia or cognitive impairment  
Care home     
Disalvo et al (2016) 29-53.9   
Hospital  
Redston et al (2018)  53.2-89.8 Beers 20.6-80.5 

STOPP 39.3-88.5 
Mixed settings 
Johnell (2015)  10.2-56.4  Beers 10.2-56.4 

STOPP 46.2 
Baseline prevalence estimate from random and non-random trial studies  
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(f) Heterogeneity of the older adult population  

The scoping review has highlighted the importance of accounting for heterogeneity in the older 

population, particularly when it comes to prescribing. Older adults encompass a huge proportion 

of the population and whilst age is important, it is increasingly recognised that frailty and 

morbidity contribute more significantly to physical and mental health, quality of life and disability 

[47]. One review identified that research is needed to understand polypharmacy and PIM across 

the diverse population of older people to identify vulnerable, high-risk groups within this 

population [154].  

 

(i) Stratifying risk using frailty  

One means of stratifying the older population is through frailty classification. Increasing frailty is 

associated with decreased physiological reserve and greater vulnerability to adverse outcomes 

(such as morbidity and hospitalisation) compared to older adults of the same age [47]. The use of 

frailty to stratify the older population has been used widely across epidemiological studies and is 

increasingly applied in clinical settings [194, 195]. Frailty assessments are now incorporated into 

primary care practice to support the identification of people who are at increased susceptibility to 

adverse health outcomes [59]. A useful application of frailty assessments is to identify people who 

are at increased risk of adverse effects. Frailty is predictive of increased disability [45, 46], falls 

[45, 46] , hospitalisation [47], care home admission [48, 49] and mortality [45, 46, 48, 49]. Frailty 

is an increasingly important way of understanding ageing. We need to know what role frailty may 

play in understanding the relationship between prescribing and adverse outcomes.  

 

(ii) Validity of frailty criteria  

The validity of frailty measures is tested through the ability to predict adverse outcomes and 

identify resilience or susceptibility to other possible risk factors [196]. Polypharmacy is associated 

with incident frailty [197] and frail older adults may be at increased susceptibility to adverse 

effects associated with polypharmacy and PIMs [101]. Previous research suggests that 

polypharmacy is associated with frailty and both frailty and polypharmacy are predictive of 

mortality [198]. In addition, in a French cross-sectional study of adults over 70 years old 

(n=2,350), it was estimated that people who were prescribed 10 or more medications (hyper-

polypharmacy) and frail, were six times more likely to die over the follow-up period (mean 2.6 
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years) than people who were not frail and without polypharmacy [198]. This study suggested that 

frailty and polypharmacy were prevalent and frailty may be important in understanding the 

relationship between inappropriate medication use, including PIMs, and adverse effects. 

However, whether frailty moderates the relationship between inappropriate medication use and 

adverse outcomes, and therefore whether frailty is a useful means of identifying those at 

particular risk from inappropriate medication use is unknown. Furthermore, whilst the overall 

frailty phenotype is predictive of adverse outcomes, more research is needed to evaluate the 

predictive validity of individual criteria [54]. Research to understand the implications of 

polypharmacy and PIM among frail, multimorbid and cognitively impaired older adults will 

improve evidence-based prescribing guidelines, to account for specific diseases and make specific 

recommendations [77]. 

 

(g) Prioritising PIMs  

This scoping review identified a number of adverse effects associated with PIM use including, 

hospitalization [148, 153], urinary incontinence [140] and falls [139]. In a study including people 

with dementia, from eight European countries also found an association between PIM use and 

increased risk of falls and hospitalisation in people with dementia [193]. There was some evidence 

to suggest that polypharmacy but not PIM (identified using Beer’s criteria) was associated with 

worse physical functioning  [140, 150, 171]. The evidence associating polypharmacy and PIM with 

mortality was conflicting [140, 171]. One review pooled estimates from studies of the association 

of PIM and mortality in people with dementia and found no association [199]. One review of the 

association of PIM in older adults with mortality found that the association with mortality 

depended on the study design. In studies with prevalent PIM users, PIM was not significantly 

associated with mortality. However, in a meta-analysis of new-user design studies, which 

recorded adverse events proximal to the start of PIMs, PIMs were associated with a statistically 

significant increased risk of mortality (RR 1.59 95% CI 1.45-1.75) [135]. 

However, findings in the reviews were often limited by low quality primary studies conducted. 

The reviews highlighted that often studies had a high risk of bias, including from failure to adjust 

for comorbidity appropriately, leading to increased risk of bias by indication [151]. Many studies 

were of prevalent user designs which are affected by survivor bias, as people who have an 

adverse reaction to a drug when first prescribed are likely to stop treatment and these adverse 

reactions are not picked up in these study designs [134]. Well-designed and adjusted studies are 

required to understand the clinical outcomes of polypharmacy and PIM. To support prescribers in 
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making informed prescribing decisions among people with dementia, we need to understand the 

impact of polypharmacy and PIM in this population.  

Given the extent of research reviewed, it was evident that the appropriate use of medicines in 

older adults is important and where medicines are inappropriately prescribed there are potential 

adverse effects. Adverse drug reactions are a common consequence of polypharmacy and older 

adults are more susceptible than the general population [138, 184]. Moreover, people with 

dementia may be at increased susceptibility to medication related side effects, due to age-

associated changes in absorption, distribution, metabolism and elimination [98]. Likewise, there is 

some mechanistic evidence to suggest that increased blood-brain barrier permeability associated 

with the disease may subsequently increase the distribution of drugs to the brain and the 

susceptibility to adverse effects [200]. Understanding the impact of polypharmacy and PIM in 

people with dementia is a research priority given the increasing size of the population and limited 

available evidence to guide medication use currently available [201].  

My scoping review recognised the breadth of prescribing that may be considered potentially 

inappropriate. One included review estimated that there are over 900 medications or classes 

identified as PIM across more than 30 criteria used globally [162]. Despite this variety, there were 

a number of PIMs that repeatedly occur across criteria and across the scoping review. Given the 

limited research into PIM use in people with dementia, identifying priority medications of 

significant relevance to people with dementia and prescribers is important. This approach will 

direct research development and subsequently make clear recommendations for practice, based 

on polypharmacy and key medication classes.  

Commonly identified across PIM criteria were psychotropic medications, including antipsychotics, 

antidepressants and benzodiazepines [150]. Psychotropic medications are medications that affect 

mood and behaviour of an individual. They commonly act upon the central nervous system and 

are individually associated with a number of adverse effects in older adults and in some cases, 

particularly among people with dementia.  

 

(i) Antipsychotics  

Antipsychotic medications were initially developed for the treatment of schizophrenia and have 

since been more widely used to manage the symptoms of people with psychoses. There are two 

broad groups of antipsychotics, first generation (typical) and second generation (atypical). First 
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generation antipsychotics were associated with a number of serious adverse effects and second 

generation antipsychotics are considered to be comparatively safer and associated with less 

serious adverse effects. Antipsychotics are prescribed to manage the behavioural and 

psychological symptoms (BPSD) of dementia. They may be prescribed when a person with 

dementia is very agitated, aggressive, hallucinating, wandering, psychotic or affected by disturbed 

sleep. Sometimes antipsychotics are not prescribed to treat the underlying problem that is 

causing the agitated and aggressive behaviour but are used to sedate the individual. This may be 

appropriate if the underlying problem cannot be identified or treated. Whilst antipsychotics are 

prescribed to manage BPSD, people with dementia are generally older, frailer and living with 

other comorbid health conditions. A large body of evidence has identified that the use of 

antipsychotic medications in people with dementia is associated with serious cerebrovascular 

adverse events and 1.7 times increased risk of mortality [202, 203]. It is recommended that 

antipsychotics are used with caution in people with dementia. They should only be prescribed 

when the person is at risk of causing harm to themselves or others, and when non-

pharmacological approaches to managing behavioural symptoms have failed. In recent years, 

awareness of harms associated with antipsychotics has improved efforts to manage their use in 

people with dementia, including monitoring and audits. The mean prescription of antipsychotics 

has decreased from 19.9% to 7.4% per year among people with dementia in UK primary care 

(1995-2011) [204]. Although, despite improvements in the prescription of antipsychotics to 

people with dementia, we need to understand up-to-date prevalence of use across people with 

dementia in primary care and in care homes, particularly given the serious adverse effects 

associated with use.   

 

(ii) Antidepressants  

Antidepressants are used to treat moderate to severe depression, which affects around 15% of 

older community-dwelling adults [205]. Depression is associated with morbidity, decreased 

physical, social and cognitive function and reduced self-care [206]. In older adults, 

antidepressants are often prescribed to manage incontinence, pain, anxiety, irritable bowel 

syndrome and insomnia [207]. There are four main classes of antidepressants, tricyclic 

antidepressants, selective-serotonin re-uptake inhibitors (SSRIs), monoamine oxidase inhibitors 

(MAOIs) and ‘other’ antidepressants that do not fall within the three classes. Antidepressants 

have been associated with increased risk of adverse events in people with dementia [208] and 

increased risk of falls in older adults, across the classes of antidepressants. The increased risk of 
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falls may be explained by sedation, drowsiness and impaired balance as a side effect of the 

prescription [207]. Moreover, there is evidence that some antidepressants are not effective as 

first choice treatment of depression in Alzheimer’s disease [209]. A recent review found little 

evidence for the effectiveness of antidepressants for improving depression in people with 

dementia and found an increase in adverse effects compared to placebo [208]. However, the 

quality of the available evidence was poor, including evidence of poor reporting of adverse effects 

(selective reporting) and negative results and risk of selection and performance bias due to 

inadequate blinding in studies [208]. Further research is needed to understand the effect of 

antidepressants in people with dementia, including potential for adverse effects.  

All medications and therefore all antidepressants have the potential for adverse effects but the 

side effects associated with antidepressants do vary across the different types [210]. A large 

observational cohort study of older adults with depression (n=60,746) found all antidepressants 

were associated with increased risk of mortality, suicide or self-harm, falls and fractures 

compared to non-users. However risk varied across antidepressant class, SSRIs were associated 

with greatest risk of falls, MAOIs and other antidepressant medications were associated with 

greatest risk of mortality, suicide or self-harm, stroke, fractures and epilepsy. Tricyclics were not 

associated with greater risk compared to the other antidepressant classes [211]. Antidepressants 

have also been estimated to be associated with a small but significant increased risk of mortality 

in people with dementia as part of a national Veterans Health Administration registry [212]. 

However, this study excluded tricyclic antidepressants and MAOIs and the follow-up was over 180 

days. Further studies to understand the impact of all antidepressant use in people with dementia 

and with follow-up periods that account for long-term use, will add to our understanding of the 

impact of prescribing potentially inappropriate antidepressants in people with dementia.  

There is also evidence that tricyclic antidepressants are associated with sedation, orthostatic 

hypotension, and cognitive impairment [205–207]. The anticholinergic effects of tricyclic 

antidepressants are associated with detrimental effects on some cognitive domains [216]. 

Although, other studies observe impaired cognition at baseline in tricyclic antidepressant users, 

however no significant changes in decline were observed overtime in older adults [217]. Reducing 

exposure to medications with negative cognitive side effects is a priority for people living with 

cognitive impairment or dementia to reduce the potential for exacerbating the condition. This is 

an exemplar of the benefit compared to harm decision-making process associated with 

medication use in this population.   
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(iii) Benzodiazepines  

The findings from this review identified that benzodiazepines were among one of the most 

commonly identified PIM prescribed to older adults [147, 158, 180, 218]. Benzodiazepines were 

also prevalent in studies of populations in nursing homes [137, 219]. Benzodiazepines are a type 

of anxiolytic and hypnotic medication with sedative effects. Primarily benzodiazepines are 

indicated to relive anxiety and sleep problems in older adults. Some common side effects include 

drowsiness, dizziness and reduced coordination. The evidence from the review highlighted that 

long-term use is also associated with an increased risk of dependence, serious falls and fall-

related fractures [220], cognitive impairment [221], delirium. There is some observational 

evidence of an increased risk of dementia, however the evidence is inconclusive and 

benzodiazepine use may be an early marker of the disease [222]. Many older adults are 

prescribed benzodiazepines for long-term use, and may be prescribed to people with dementia to 

manage sleep disturbances, despite a lack of clinical benefit supporting their use in this way and 

increased prevalence of adverse effects. Until recently, there were no guidelines to support safely 

stopping benzodiazepines and only since 2019 have NICE endorsed guidelines developed in the 

Bruyère Deprescribing Research Team [108]. A lack of guidelines for safely stopping medicines 

and the associated dependence and withdrawal symptoms may have also impacted on the 

challenges associated with prescribing and deprescribing benzodiazepine prescriptions in older 

adults.  

 

(iv) Anticholinergics 

This scoping review also showed that anticholinergic medicines were included across a number of 

PIM criteria and are associated with particular adverse effects, including cognitive impairment, 

confusion, delirium, falls and hospital admission in older adults and people with cognitive 

impairment or dementia [129, 143, 150, 154, 161, 162, 166]. Anticholinergics work by blocking 

the action of acetylcholine, a neurotransmitter acting within the central nervous system, smooth 

muscles of the gut, some non-voluntary internal organs and the heart. Medications with 

anticholinergic effects account for a range of medications but includes medications used for 

gastro-intestinal disorders, incontinence, drugs for Parkinson’s, some antidepressants and 

antipsychotic medications. Previous studies have found observational associations of 

anticholinergic drugs with a number of consequential side effects including well established 

detrimental effects on cognition [216] and some evidence of increased risk of dementia [223]. 

However, a recent case-control study found an association of some but not all anticholinergic 
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medications. Antidepressants and definite anticholinergic medicines were associated with 

incident dementia [223]. The use of anticholinergic medications in older adults has previously 

been associated with increased delirium, sedation, urinary retention, falls, cardiovascular disease 

and mortality, although the evidence is not conclusive [213, 224, 225]. Evidence of an association 

of anticholinergics and mortality has been conflicting and somewhat limited by short follow-up 

periods and small sample sizes [226–229]. Moreover, previous studies have not accounted for 

physical frailty beyond the presence of comorbidities, or the use of other medications [230]. 

Measures of frailty are predictive of mortality and accounting for frailty may improve 

understanding of the relationship between anticholinergic medicines and mortality in people with 

dementia. Furthermore, a review of studies of anticholinergic medications and the association 

with delirium found the majority of studies did not find an association of anticholinergics with 

delirium [226]. Clinical guidelines suggest that anticholinergic medications should be avoided if 

possible in frail older adults [231]. Tricyclic antidepressants, are one example of a medication with 

high anticholinergic burden and it is recommended that they should be avoided in people with 

dementia due to associated adverse effects [107, 232]. Anticholinergic medications are a priority 

medication to be managed, particularly in people with dementia due to associated adverse 

effects, but more evidence is needed to understand the potential for adverse effects in this 

population given previous limited evidence.   

 

(v) Proton pump inhibitors  

Identified in a number of reviews was the high prevalence of inappropriately prescribed proton 

pump inhibitors (PPIs), which were cited as the most commonly occurring PIM [141, 168]. Used 

for the treatment of acid related indigestion and peptic ulcers PPIs are one of the most frequently 

prescribed medications globally [233]. PPIs are generally considered safe and effective and 

associated with few adverse effects. However, recent evidence has suggested that PPIs may be 

associated with hip and spine fractures [234, 235], hospital and community acquired pneumonia 

[236–238], Clostridium difficile infections [239, 240] and vitamin and mineral deficiencies [241]. 

However, findings are not consistent across observational studies and previous studies have been 

limited in their approach to adjusting for comorbidities and confounding by indication [242]. 

Around 23% of people with dementia are prescribed inappropriate PPIs [189]. In addition, for 27% 

of the older population PPIs are prescribed long-term, despite a lack of evidence supporting the 

efficacy and safety of their long-term use [242]. It is considered that PPIs should not be prescribed 

for longer than eight weeks in older adults [243]. PPIs are widely prescribed and account for 



64 

 

considerable prescribing costs. In England, over £100 million is spent annually on PPIs from NHS 

budgets [244], however as highlighted many PPIs are prescribed chronically and possibly 

unnecessarily. PPIs may be contributing to inappropriate polypharmacy when they are prescribed 

long-term and without clear indication. The implications of managing the inappropriate use of 

PPIs on clinical and economic outcomes are not yet known. PPIs are a useful target medication to 

monitor in future studies as a potential for improving patient safety, identifying inappropriate 

polypharmacy and medications to be deprescribed and have substantial financial implications for 

health care providers.  

 

(vi) Targets for deprescribing  

The process of reducing, tapering and ceasing a medication to improve medicines is known as 

deprescribing [245]. Deprescribing is an integral part of optimising medicines, particularly when a 

medication is potentially inappropriate. The scoping review identified a number of key 

medications that are useful targets for improving appropriate medication use. Given the large 

number of PIMs identified, prioritising which medications to deprescribe has been a priority 

within previous studies and is integral in informing the priority direction of this research. A Delphi 

consensus survey study consulted over 60 physicians, pharmacists, geriatricians and nurses to 

identify medications commonly used by older people, for which evidence-based deprescribing 

guidelines would be useful for practice [246]. The highest priority medications for deprescribing 

were benzodiazepines, antipsychotics, antidepressants, proton pump inhibitors and 

anticholinergics, statins and cholinesterase inhibitors, for which over 30% of Delphi participants 

indicated the medication as a high priority for deprescribing evidence. Other medication classes 

were opioids, bisphosphonates, anticonvulsants, beta-blockers and antiplatelet medications. A 

number of the reviews included in my scoping review also identified the need for deprescribing 

guidelines to support practitioners and to be incorporated into practice [136, 173, 181]. The 

corroboration between the medications identified in this scoping review and those identified as 

priority medications for deprescribing is important and provides a useful focus for future research 

[246].  

People with dementia may be at increased susceptibility to side effects of medications and there 

is evidence that people with dementia are particularly vulnerable to serious adverse effects of 

antipsychotic medications and detrimental cognitive effects of anticholinergic medications.  From 

this scoping review, it is apparent that whilst there is a large body of literature investigating 

polypharmacy and PIM among older adults, the evidence is limited amongst people with cognitive 
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impairment or dementia. This is despite the growing size of this population, who are often frail 

and living with multimorbidity alongside cognitive impairment or dementia.  

Guidelines are limited for prescribers in making evidence-based decisions about prescribing for 

comorbidities in people with dementia. Consideration needs to be given to specific medication 

classes when developing guidelines to support prescribing and deprescribing in people with 

dementia. Prioritising key medication classes that people with dementia may be exposed to, 

which could be targets for medication management interventions and building the evidence base 

around these key medications, is informative for the subsequent development of guidelines to 

inform prescribing.  

Clinical trials of medications are often conducted in younger, healthy populations, excluding frail 

older adults and people with dementia, comorbidity or polypharmacy and alternative approaches 

are needed to address this gap [81, 82]. Clinical trials have lacked external validity and 

generalisability but observational studies are key in addressing these shortcomings. Observational 

cohort studies are useful because they can include large, representative samples of people who 

would often be excluded from clinical trials. Incorporating samples with frailty, polypharmacy, 

dementia and comorbidity providing more representative sample of a heterogeneous older 

population, and the nuances of medication use in this population can be better understood and 

will inform the development of prescribing guidance in people with dementia and comorbidities.   

 

(h) Interventions to optimise medication use 

The scoping review revealed a range of interventions to address inappropriate polypharmacy and 

medication use in older adults. Interventions targeted prescribing, prescribers, methods of 

practice and care structures to improve prescribing and patient outcomes. This included, 

education of prescribers, the incorporation of specialists (geriatricians and pharmacists) into 

interventions, application of multidisciplinary teams and technology-assisted interventions to 

improve prescribing. However, common across interventions was the incorporation of a review of 

medications. The evidence suggested that medication review was an effective intervention in 

improving appropriate medication use, by reducing medications no longer indicated [175], 

reducing polypharmacy and reducing the number of PIMs [136]. Although medication review was 

effective in improving the quality of prescribed medications, the impact on patient outcomes was 

uncertain. On one hand, there was evidence that deprescribing was not associated with an 

increase in the number of drug withdrawal events [171]. On the other hand, there was little 



66 

 

evidence that medication review reduced adverse drug events [129], or hospitalisation [169] and 

there was unclear evidence whether a review improved quality of life or decreased medication 

costs [129]. In addition, the impact on mortality was only evident in non-randomised studies [129, 

169, 171]. The evidence for the impact of interventions on clinical outcomes was often low quality 

and susceptible to bias [130, 131, 168, 133, 135, 141, 146, 148, 150, 154, 163]. Interventions were 

often poorly described, particularly for complex interventions, and failed to adequately report 

adverse outcomes or negative findings (publication bias), no or limited blinding or randomisation 

methods in trials. Moreover, there was little research into the impact of medication review in 

community-dwelling people with dementia. Further research is needed to assess the usefulness of 

medication review to improve prescribing, particularly among people with dementia and the 

subsequent impact on patient outcomes. Moreover, a number of reviewers also identified the 

need for guidelines to be developed to support prescribers in deprescribing medicines [136, 181] 

[173]. 

In people with dementia, one review found that using medication review to target PIMs was 

effective in improving medication appropriateness. Medication review was associated with 11% 

to 78% reduction in PIMs and reduction of 2% to 8% in overall medication use [165]. However, 

this was a review of studies of care home residents with advanced dementia. In an environment 

where patients are being cared for consistently, staff may have a good understanding of the 

person with dementia, their behaviours and the day-to-day impact of medication use. Care home 

staff involvement in the review of medications may assist in the identification of PIMs or 

unnecessary medications that could be deprescribed, and monitoring potential adverse drug 

withdrawal events or symptom changes may be better managed. The potential for monitoring of 

patient safety and the controlled deprescribing of inappropriate medications may be easier to 

manage in a care home. In primary care, medication monitoring is much more reliant upon the 

patient and (if available) their carer to monitor changes day-to-day after medication review and 

deprescribing. From the scoping review, the impact of medication review on appropriate 

medication use in people with dementia was unclear and more research is needed to understand 

the role of medication review among people with dementia in primary care and beyond trial 

settings.  

  

(i) Patient and prescriber perspectives  

A growing body of qualitative research has sought to understand the perspectives of patients, 

carers and prescribers in the process of medicines optimisation. The scoping review identified two 
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systematic reviews synthesising qualitative studies [181, 182]. On one hand, prescribers identified 

a number of internal factors that were associated with prescribing and medicines optimisation. 

This included a sense of ‘powerlessness’ arising from self-perceived restrictions to optimising 

medicines. Prescribers felt that they needed to meet the demands and desires from patients to 

receive medicines at a consultation. Also, prescribers identified that in some cases of prescribing 

in particular nursing homes or care situations, that they felt forced to prescribe by nursing home 

staff or carers [182]. Despite this, it was also evident that some prescribers had developed their 

own approaches to manage polypharmacy, given their experience and knowledge of their 

patients [181]. On the other hand, extrinsic factors were also identified. This included 

consultation time, relationships with patients and coordination of care between care homes, 

hospitals and GPs. Furthermore, the impact of prescribing guidelines and a lack of deprescribing 

guidance was identified by GPs as impacting on medicines optimisation for their patients [181].    

The findings from reviews of a number of qualitative studies exploring patient perspectives of 

polypharmacy found a number of factors that were important to patients. The findings suggested 

that many patients took ownership over their medication regimes by experimenting with 

medicines. This would include prioritising certain medicines, taking breaks, stopping and reducing 

dosage. In addition, patients who had a good, trusting relationship with their GP were less 

worried about adverse effects and felt supported in medicines management. Like prescribers, 

patients felt that consultation times were too short and that there were multiple prescribers, who 

communicated poorly across health care systems. Of the patients who experienced adverse 

effects, the benefits of medicines did not outweigh the harms and they felt that medicines were 

less effective. Largely, patients did not want to take more medicines. There was both a resistance 

to taking medicines and an unwillingness to stop certain medicines [181]. These factors influence 

the experience of both patients and prescribers and may also influence the effectiveness of 

interventions to optimise medicines in practice.   

 

(j) Strengths and limitations of the scoping review  

There are a number of strengths to this review. To ensure a broad literature search, the search 

strategy used three databases and a comprehensive range of search terms that were developed 

with the guidance of a faculty librarian. This review provided an overview of the literature into 

polypharmacy and PIM in older adults. This enabled a process that was grounded within the 

literature to discuss previous literature and identified key areas for future research that are 

integral to this research project. Mapping the breadth of the literature is a key strength of the 
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scoping review methodology compared to a systematic review [125]. This was particularly 

informative in understanding the extensive and clinically significant field of prescribing and 

medication appropriateness, particularly within older adults. The use of scoping reviews as a 

methodology to review the literature is growing in application across the literature and are 

increasingly recognised as an incredibly useful tool, particularly within health services research 

[247]. The consistency of scoping reviews will be improved by the development of reporting 

guidelines, such as the PRISMA-SR used in this review (Appendix 1 Section 10.01) [128]. 

Conducting a review of reviews summarised a range of reviews addressing a number of research 

questions across related areas and understanding the extent of research evidence of different 

types of studies, interventions and outcomes across different populations [126]. This approach 

enabled this review to cover research across medication appropriateness including polypharmacy 

and PIMs, understand the impact of different interventions, outcomes and across older adults and 

people with dementia in a range of care settings.  

Limitations of the scoping review of reviews include the possibility that recent and primary 

literature may not have been included in a review yet, and other reviews may have been missed 

due to database selection, exclusion of grey literature, time and resource constraints. The studies 

were extracted by one reviewer which affects the validity of the extraction process. However, a 

scoping review differs from a systematic review in that the goal is not necessarily to identify all 

relevant literature to a specific question but to understand the breadth of research into an area, 

which in the case of this review is far reaching. Although, through this process it was necessary to 

rely on secondary interpretation of findings, which is additionally compounded in a review of 

reviews.  

It was also evident from the reviews that there were well established areas of research that have 

identified the challenge of prescribing in older adults. Despite this, there were identifiable gaps 

within the evidence base particularly around the understanding of the nuances of medicines use 

amongst this diverse population. Understanding the variation in this population will help 

prescribers manage medicines appropriately. A critical quality appraisal of the reviews included 

was not completed and is not a requirement from Arksey and O’Malley’s (2005) original 

framework, and is an optional addition according to the PRISMA-SR reporting system [128]. If a 

quality appraisal was undertaken in the included reviews, this was taken into account when 

evaluating the evidence. To improve the quality of the reviews included, only systematic reviews 

or literature reviews with a systematic approach were included. Grey literature and opinion 

pieces were not included to reduce author bias.   
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A limitation of a review is that the review inherits the limitations and quality of the studies 

included in the review. Across a number of the reviews, the diversity in study designs, range of 

measurements and outcomes made it unfeasible to pool estimates and conduct meta-analyses. It 

was difficult to assess comparisons across interventions because of variation in implementation.  

The quality of reporting about the methods and implementation of interventions in the reviews 

was often limited, inherited from poor quality of reporting in the primary studies, particularly 

when describing complex interventions. A lack of clarity when reporting within primary studies 

included in the reviews affects the understanding of the impact of findings. Quality appraisals 

reported in the reviews often reported the evidence as low quality, lacked rigour and was at high 

risk of bias. Often this was associated with poor blinding and randomisation procedures in clinical 

trials and failure to appropriately adjust for comorbidity, considerably increasing the risk of 

confounding by indication bias.  
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2.04 Summary  

Medicines optimisation in older adults is a clinically significant priority for practitioners, patients 

and researchers. The scoping review of reviews provided a comprehensive overview of existing 

research in this area. Polypharmacy and PIMs are associated with adverse effects in older adults. 

However, given the heterogeneity of the older population, further research is needed to refine 

risk estimates among vulnerable groups, including frail adults and people with dementia. 

Interventions to reduce PIMs and polypharmacy have been trialled but there has been little 

research into how these actually affect prescribing quality in practice, hence further research is 

needed to evaluate their impact both on prescribing and patient outcomes.   

For prescribers, systems that ease the process of identifying where care pathways and medication 

management can be optimised will be useful across care settings. This will support the routine 

identification and reduction of inappropriate polypharmacy and PIMs to optimise medications. A 

regular medication review is often included in clinical guidelines, particularly for people who are 

frail, taking multiple medications, or living with long-term health conditions [108]. This review has 

identified gaps in the current evidence base and priorities for medication optimisation in people 

with dementia. The older population is heterogeneous and prescribing is complex and challenging 

in the presence of cognitive impairment and dementia, comorbidities and frailty. Whilst there has 

been a large body of research into polypharmacy and PIM use in older adults, research in people 

with dementia (particularly at early stages) and cognitive impairment has previously been limited, 

largely by its focus on advanced stages of the disease and palliative care [191]. Mild cognitive 

impairment and mild dementia are particularly important stages for preserving function, adjusting 

to a diagnosis, preparing for the future and maintaining good quality of life.  

Given the lack of clinical guidelines to support prescribers when making evidence-based decisions 

about medication use in this population, further research is required to understand polypharmacy 

and PIM use. Antipsychotics, benzodiazepines, anticholinergics, antidepressants and PPIs were 

identified as key potentially inappropriate medication classes to direct a focus of the studies 

conducted in this research. These medications are implicated in both Beers and STOPP criteria 

[107, 232] and identified by prescribers as medications where evidence to support deprescribing 

would be of great value [246]. These medications are specifically associated with adverse effects 

in people with dementia or are widely used in the older population and deprescribing could 

reduce the impact of inappropriate polypharmacy. However, there is limited or conflicting 

evidence into the extent to which they are associated with harm. To add to this growing body of 
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evidence, further research is required to understand the prevalence of polypharmacy and PIM in 

people with dementia in primary care.  

It is with these findings in mind that the broad aim of this research study was established. The 

overarching aim was to understand the impact of polypharmacy and potentially inappropriate 

prescribing on people with dementia, and to understand the effectiveness of existing approaches 

to improving care in this patient group. The subsequent chapter outlines the specific aims and 

objectives that are addressed in this research study and a broad overview of the methodological 

approaches applied. 
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III. Chapter 3: Aims and Objectives   

3.01 Introduction 

The scoping review of reviews established that whilst there is a large body of research into 

polypharmacy and PIM in older adults, the research into people with dementia is limited. Further 

research is needed to understand the impact of inappropriate prescribing across this 

heterogeneous population. The central aim of this thesis was to understand the impact of 

potentially inappropriate prescribing in people with dementia, including the real world 

effectiveness of approaches to optimise medication use in this population. Applying 

epidemiological methods, two cohorts including people with cognitive impairment or dementia 

were analysed to address the aims and objectives of this thesis. This chapter provides an overview 

of the methodological approach, briefly introduces the two datasets that were analysed and 

outlines the aims and objectives addressed in the remaining chapters of this thesis.   

 

3.02 Pharmacoepidemiology  

Evidence for the efficacy and safety of medication use is often extrapolated from clinical trials 

that lack external validity and generalisability because they often use lower-risk samples, which 

would exclude older, multimorbid and frail adults, people with polypharmacy, cognitive 

impairment or dementia [81, 82]. Observational studies are able to mitigate these limitations 

through observing the effects of a disease or intervention, for example, in real-life environments 

and if sampled appropriately, also provide a representative sample of a population. In older 

populations, a truly representative sample may include a mixture of genders, care settings, ages, 

frailty, comorbidity, polypharmacy and cognitive impairments, representing the diversity of this 

population including the most vulnerable and traditionally inaccessible groups.  

As the study of the use and effects of medications in large cohorts, pharmacoepidemiology lends 

itself as an appropriate methodology for the studies I conducted, although this approach has 

limitations. Observational studies using existing data are restricted by the nature and quality of 

the data that is collected and made available. Secondary data analysis of cohort studies is 

dependent upon the reliability of the reporting of responses to answers in subjective 

questionnaires and the recording of responses by interviewers. Some data may be inaccurate, 

missing or recorded at particular or single time points. While a key strength of observational 
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studies is the observation of behaviour in real-world environments, this inevitably increases the 

susceptibility to any number of unmeasured confounders that may influence estimates. 

Accounting for these limitations, analyses of two distinct population representative cohorts with 

existing data were performed from (i) primary care patient records from Clinical Practice Research 

Datalink (CPRD) and (ii) participants from the Cognitive Function and Ageing Study.  

 

(a) Clinical Practice Research Datalink  

One of the world’s largest research databases using electronic health record data is the Clinical 

Practice Research Datalink (CPRD). Established in 1987 and previously known as the General 

Practice Research Database, CPRD is an active database of UK primary care. The CPRD has over 30 

years of longitudinal data from over 11.3 million patients, including 4.4 million active patients 

currently registered with over 600 practices. The CPRD covers 6.9% of the UK population and is 

broadly representative of the population in terms of age, sex and ethnicity [248]. The dataset 

contains recorded data from each patient consultation with a GP. The patient record includes key 

demographic information, consultation details, medical history, prescriptions, diagnoses, 

referrals, immunisations, and tests. Accordingly, the CPRD patient record contains information on 

diagnoses of dementia, prescriptions and records of patient reviews, such as the QOF dementia 

annual review and medication reviews.  

 

(b) Cognitive Function and Ageing Study  

The Cognitive Function and Ageing Study (CFAS) is a multi-centre, population-representative 

cohort study of ageing in the UK, including adults over 65 years living in the community and care 

homes. The original CFAS study (MRC CFAS) [249] began in 1989, the second CFAS study (CFAS II) 

started in 2008 [2] and CFAS Wales in 2011. My analysis used data collected as part of CFAS II, 

which included more than 7,700 older adults who took part in the CFAS interviews between 2008-

2011 from three geographical areas in England (Cambridgeshire, Nottingham and Newcastle). The 

CFAS interviews comprised an extensive and comprehensive collection of over 600 questions 

about demographics, health and lifestyle of the participant. This included cognitive assessments, 

medication use as well as assessments indicative of physical frailty.  
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3.03 Aims and objectives of this research  

(a) Aims  

The broad aims of this research project were to use existing data sources to understand the 

impact of potentially inappropriate prescribing on people living with dementia, and how effective 

existing approaches to improving care in this population are.  Specific aims were to: 

1. To estimate the prevalence of polypharmacy and of potentially inappropriate prescribing 

among people with dementia.  

2. To estimate the factors that predict the use of PIMs and polypharmacy, in particular the 

effect of dementia annual review and medication review on potentially inappropriate 

prescribing.  

3. To understand the impact of PIMs and polypharmacy on health among older cognitively 

impaired adults and the potential impact of frailty on this relationship.  

 

(i) Data sources  

To address the aims, two existing data sources were used (see Figure 2). To address Aim 1 and 

Aim 2, primary care electronic health record data were used that was extracted from the Clinical 

Practice Research Datalink (CPRD). Data from the second Cognitive Function and Ageing Study 

(CFAS II) was analysed to address Aim 1 and Aim 3. This thesis describes and discusses how each 

of the aims were addressed, through a series of analyses of the CPRD and CFAS II cohort 

addressing the subsequent specific objectives.  
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(b) Objectives  

(i) CPRD cohort study  

Objectives addressing Aim 1:  

1a. To estimate the prevalence of potentially inappropriate prescribing and average number 

of concurrent medications prescribed among patients with dementia in primary care in 

England over a two-year period.  

Objectives addressing Aim 2:  

2a. To estimate the probability of starting or stopping a PIM, and the change in the average 

number of medications prescribed after a review.  

2b. To estimate the association of dementia annual review and medication review (and other 

patient and practice level factors) associated with starting or stopping each class of PIM, 

and association with a change in the number of concurrent prescribed medications, in 

people with dementia. 

(ii) CFAS II subsample study  

Objectives addressing Aim 1:  

1b. To estimate the prevalence of PIM use and polypharmacy in frail and non-frail older 

adults with cognitive impairment.   

Objectives addressing Aim 3:  

3a. To estimate the association between PIM and polypharmacy use at baseline and 

subsequent survival, as an indicator of overall health.  

3b. To estimate the moderating role of baseline frailty on the relationship between 

polypharmacy, PIM use and mortality. 

3c. To assess the predictive validity of frailty phenotype and individual criteria to predict 

susceptibility to mortality. 
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Figure 2 Describing how the three aims of this research study are addressed through a series of objectives in a CPRD 
cohort study using electronic health record data (n=22,448) 1st January 2015 – 30th April 2017 and a cohort study of the 
second Cognitive Function and Ageing Study (CFAS II) (n=1,154) 2008 – 2016 
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IV. Chapter 4: CPRD cohort study Methods  

 

4.01 Overview of chapter  

This chapter presents the study design, methods and statistical approaches used to conduct the 

analyses of a primary care dataset of patients with dementia in England.  The CPRD cohort study 

of people with dementia in primary care in England is described. This study addressed Aim 1 and 

Aim 2 and objectives 1a, 2a and 2b of this research to estimate the prevalence of and factors 

associated with (and changes in) polypharmacy and PIM in people with dementia. This chapter 

describes the study design, the dataset used, sampling approach, exposures, outcomes and 

covariates and statistical analyses applied. The development of a multilevel mixed effects 

regression models to estimate transitions in prescribing is described. This model is used to 

estimate the association of medication review and annual dementia reviews on starting and 

stopping PIMs among people with dementia in primary care.  

The protocol for this study (16_240) was granted approval by an Independent Scientific Advisory 

Committee (ISAC) in February 2017 (Appendix Section 10.04: Appendix 4). The abstract is 

available online at: https://cprd.com/protocol/potentially-inappropriate-prescribing-people-

dementia-england-prospective-cohort-study  

 

4.02 Study design 

This was a prospective cohort study of people with dementia in primary care in England, extracted 

from CPRD. The study design is summarised in Figure 3. The study period ran from 1st January 

2015 until 30th April 2017. Patients with dementia diagnosis were followed from the point at 

which they entered the study until they left their general practice, died, the practice left CPRD or 

until the end of the study period (30th April 2017). Patients meeting the eligibility criteria and with 

a dementia diagnosis before 1st January 2015 were included at the start of the study period but 

patients could also subsequently enter throughout the study period, to include incident cases of 

patients with a dementia diagnosis, for example. This was done to ensure that at all time points, 

the study included a representative sample of all people with a dementia diagnosis. This included 

people entering the study as they were diagnosed or move to the practice and people leaving the 

study as they die or move.  
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For the purpose of the analyses, the study period was split into 14 time periods, each equivalent 

to two calendar months. Two month time periods were used to account for a change in a 

patient’s prescription being applied to the patient’s CPRD record. 
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Figure 3 Example of four patients with dementia entering and leaving the study, from the sample extracted from the Clinical Practice Research Datalink.  

Study period from 1st January 2015 - 30th April 2017 and is split into 14 two-month time periods. To be included, patients must have been registered at an English general practice, with 

a diagnosis of dementia. The patient must have been registered at a practice contributing good quality research data for at least one year to the CPRD. Patients needed to remain 

registered at the same practice, be alive and be included in the QOF data recording for the practice. 
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4.03 Setting  

This study used data extracted from the Clinical Practice Research Datalink (CPRD), a research 

database generated from UK electronic health records. CPRD contains anonymised records of 

consultations, diagnoses, referrals and prescribing for more than 11.3 million patients from 674 

primary care practices across the UK. In the UK, every consultation a patient has with a General 

Practitioner is recorded in the patient’s electronic health record. A range of software systems are 

used by general practices and CPRD collects coded data from practices using the Vision and 

recently from the EMIS systems. This study used the CPRD GOLD data, containing data collected 

from practices using Vision in England, which is the system used in an estimated 9% of all GP 

practices [250] [248]. 

Index of Multiple Deprivation data was also linked to the CPRD dataset. This is a government 

measure of relative deprivation based on income, employment, education, health and disability, 

crime, housing and living environment, linked from the general practice postcode [251].   

 

(i) Structure of CPRD dataset  

There are 10 separate data tables within the CPRD GOLD database, although not all tables were 

used for the current analyses (Figure 4) 

 

1) Data tables used in analyses 

1. Practice data table: contained practice level details of each practice, including regional 

location of the practice and data collection information, including the date when the 

practice joined CPRD and had up-to-standard data for research purposes that was 

collected.  

2. Patient data table: patient level demographic information.  

3. Consultation data table: contained data on the type of consultation, including the 

consultation location.   
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4. Clinical data table: contained patients’ medical history while registered with the practice, 

including clinical diagnoses and death. Coded using Read Codes.  

5. Additional clinical data table: contained additional structured data associated with and 

linked to the clinical file events, which may include the residential status of the patients.  

6. Therapy data table: contained the details of all prescriptions, including medicines and 

medical appliances issued by the GP, recorded using Gemscript product codes.  

 

2) Data tables not used in analyses  

7. Staff data table: included information on the practice staff.  

8. Referrals data table: contained any referrals to external organisations or systems, 

including hospital admissions or outpatient care.  

9. Immunisations data table: contained a record of any patient immunisations. 

10. Tests data table: contained a record of any test data recorded by the GP
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Figure 4 Hierarchal model explaining the CPRD data tables used in this study, of the 10 data tables available from CPRD, the staff, referrals immunisations and test data tables were not used for the purpose of 
this study. 
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4.04 Population and sample  

The target population was all people with a diagnosis of dementia in England. The study 

population was patients with a diagnosis of dementia in primary care in England registered at a 

general practice contributing to CPRD. A series of inclusion criteria were applied to the study 

population to identify the eligible sample. The sample inclusion criteria are provided and justified 

in Table 5. A figure explaining how patients entered and exited the study is provided in Figure 3.  

For a patient to enter the study, they needed to meet the inclusion criterion. In addition, the 

patient was required to meet a series of criterion to enter into and remain in the study, at each 

time period. This included: 

1. The last CPRD data collection date from the practice was required to be after the end of 

each time period. After a general practice stopped contributing the electronic health 

record data to the CPRD, the patients who were registered at this practice would no 

longer be eligible to be remain in the study. 

2. The patient must not leave the general practice until after the end of each two-month 

time period. If a patient leaves the general practice, there will be no future record in the 

CPRD of this patient. The patient might leave because they change address or move into a 

care home and are subsequently registered with a new general practice. It is not possible 

to match a patients’ record from their previous general practice to the new practice and 

subsequently no further data on that patient can be used.  

3. The patient must also be alive until the end of each time period. 
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Table 5 CPRD study inclusion criteria and supporting rationale.  

Inclusion Criteria  Rationale   

1. Diagnosis of dementia as 

defined by the presence of a 

record of a dementia diagnosis 

or a prescription of a cognitive 

enhancer (i.e. memantine, 

donepezil, rivastigmine, or 

galantamine) before the start of 

or during the study period (1st 

January 2015 – 30th April 2017). 

1. New diagnoses were also included to maintain a 

representative sample of dementia patients 

throughout the duration of the study period. 

Identifying dementia diagnosis using similar 

definitions has been validated in the CPRD with a 

positive predictive value (PPV) of 95% [252]. 

2. Currently registered at an 

English GP practice 

 

2. While CPRD does provide data from primary care 

practices across the United Kingdom, because health 

care provision is devolved across the four countries, 

clinical practice, guidelines and the use of pay-for-

performance schemes can vary greatly. The use of 

the Quality and Outcomes Framework, for example 

is different between countries in the United 

Kingdom, with Wales and Scotland recently radically 

changing their approach [253].  

 

In addition, the IMD linkage data is not comparable 

between countries in the UK.  

3. The patient must be registered 

with a practice that is 

contributing good quality 

research data for at least one 

year before entry into the 

study. 

 

3. The CPRD assess the quality of the data that is 

provided from primary care using an algorithm 

evaluating the practice recording of death and of 

gaps within the data. A variable is generated by 

CPRD to identify the date at which the practice data 

is of appropriate quality to be used for research 

purposes. For this study, I used data from patients 

registered with practices that had a minimum of one 

year of good quality data to allow for appropriate 

measurement of baseline confounders.    

4. Patients must be included in 

the QOF data recording for the 

practice.  

 

 

4. A GP can exclude patients from the QOF for example 

because it is deemed inappropriate to conduct the 

review due to significant frailty or the patient is in 

palliative care. Alternatively, the patient can choose 

to be not be included in the data collection. A 

patient can choose to not have a dementia annual 

review, for example and would therefore not count 

towards the QOF data recording and the practice 

score and practice income would not be affected.  
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4.05 Exposures  

The primary exposures of interest were the presence of a record of a dementia annual review or a 

medication review in each two-month time period across the duration of the study. The CPRD 

clinical data table contained Read Codes that were used to extract detail for medication reviews 

and dementia annual reviews from the patient records from 1st January 2015 until 30th April 2017 

(Figure 5). The presence of a record of a dementia annual review or a medication review, in each 

two-month time period was coded. Two binary variables were generated to account for a record 

of a dementia annual review and a medication review.  

 

(a) Dementia Annual Review  

In-line with the QOF guidelines, a record of annual dementia care plan review should be recorded 

in a patient’s file using one specified Read Code, in order for the practice to gain the associated 

income from QOF if they met the target. A record of a dementia annual review was identified as 

an event in the clinical data file with the Read Code 6AB..00 and was classified as a binary variable 

(1= dementia annual review, 0 = no dementia annual review) in each two-month time period for 

each patient.  

 

(b) Medication review  

Any record of an event in the clinical file with a Read Code identifying a medication review (see 

Table 6) within the two-month time period was used to generate a binary variable identifying 

medication review in each time period (1=medication review 0=no medication review). The Read 

Code lists to identify the record of a review were cross-checked by a practising general 

practitioner with experience of QOF recording and working with CPRD.  
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Table 6 Read Codes used to identify Medication Review, checked by a practising GP. 

Read 
Code Read Term 
8B31400 Medication review 

8B3y.00 Medication review of medical notes 

8B3x.00 Medication review with patient 

8B3V.00 Medication review done 

8B3S.00 Medication review 

8B3h.00 Medication review without patient 

8B31B00 Polypharmacy medication review 

8BIC.00 Medication review done by pharmacist 

8BIy.00 Medication review done by nurse 

8BIH.00 Medication review done by doctor 

8BMF.00 Medicine use review done by community pharmacist 

8BMH.00 Medication review done by pharmacy technician 

8BMY.00 Medication review done by medicines management pharmacist 

8BMJ.00 Dispensing review of use of medicines 

8BMX.00 Medication review done by medicines management technician 

8BT..00 Medication review - additional 

8BT2.00 Medication review by practice nurse 

8BM0.00 Mental health medication review 
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4.06 Outcome variables 

(a) Potentially inappropriate medications  

Selected potentially inappropriate medications (anticholinergics, antipsychotics, tricyclic 

antidepressants and proton pump inhibitors) were defined according to the World Health 

Organisation Anatomical Therapeutic Chemical Classification System (ATC) codes, the 

Anticholinergic Cognitive Burden scale and the STOPP criteria. A binary variable was generated for 

each of the selected PIMs, identifying the presence of a recorded prescription within each two-

month time period.  

 

(i) Anticholinergic medication  

Definite anticholinergic medications were defined as any medication with an Anticholinergic 

Cognitive Burden (ACB) score of three, where an ACB score of three indicates medications with 

definite anticholinergic activity  and severe negative cognitive effects [254]. The full list of 

anticholinergic medications from ACB included can be found in Appendix Section 10.05: Appendix 

5a.  

 

(ii) Antipsychotic medication  

Antipsychotic medications were defined using ATC code N0A5A.  

 

(iii) Tricyclic antidepressants  

Tricyclic antidepressants were defined using ATC codes. Antidepressants (ATC N06A) were 

grouped into tricyclic antidepressant sub-type. The ATC codes were cross-referenced with the 

British National Formulary (BNF) to identify those used in UK practice (ATC N06AA02, N06AA03, 

N06AA04, N06AA06, N06AA07, N06AA09, N06AA10, N06AA12, N06AA16, N06AX03 and 

N06AX05).   
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(iv) Proton pump inhibitors  

Proton pump inhibitors are considered to be potentially inappropriate, according to STOPP 

criteria when they are used at maximum therapeutic dose for more than eight weeks. For this 

study, PPI use was classified as long-term use when there was a record of a prescription of a PPI in 

at least two consecutive two-month time periods. Their use was defined using ATC code A02BC, 

see Appendix Section 10.05: Appendix 5b for full list of codes.  

 

(b) Total number of prescribed medications  

A continuous variable for the total number of different drugs prescribed within each two-month 

time period per patient was generated. This variable excluded all records of devices, dressings 

and topical preparations. Any repeat prescriptions within each two-month time period were 

removed.  

 

4.07 Covariates  

Covariates were selected due to their association with dementia or prescribing practices. An 

explanation of how the variables were derived from the CPRD is provided (see Figure 5).  

 

(i) Age 

To ensure anonymity CPRD only records the patient year of birth. An age variable was generated 

from year of birth based on the assumption that all patients are born on 1st July. The patients’ 

baseline age was included as a continuous variable. Age was included as a mean-centred variable 

when included as a covariate in the regression models.  
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(ii) Gender  

Patients were identified as male or female with a binary variable indicator from the patient file. 

Age and gender are associated with the prescribing and may be associated with medication 

reviews and dementia annual reviews, previous studies have observed gender differences and age 

associated increases in the use of health care services in older adults [255].  

 

(iii) Residence in a care home  

Around 39% of people with dementia in the UK are living in a care home [28]. Living in a care 

home is associated with polypharmacy, prescribing errors and mortality [256, 257] and reviews of 

medications should occur regularly in care homes, depending on the health needs of each patient 

[108]. The living situation of all patients in CPRD is not explicitly coded. Therefore, whether a 

patient lived in a care home or their own home was ascertained from available data. Bringing 

together patient data from multiple files in the CPRD, a single binary variable was created that 

identified if a patient was expected to be living in a care or nursing home. Using the data available 

within the CPRD, I was able to identify from a patient’s electronic health record an indication of 

their living situation, in particular when there was a reference to living in a care home, nursing 

home, in sheltered accommodation or in their own home. In the CPRD file describing some detail 

of each consultation with a patient for example, two Medcodes could be used to identify the 

location of the consultation as a care home.   

For this variable, patients who were living in a care home, nursing home or sheltered 

accommodation were grouped into one group identified as living in a ‘care home’. Therefore, the 

term ‘care home’ encompasses residential, nursing or sheltered accommodation. If there was no 

record of a care home in a patient’s electronic health record, the patient was assumed to not be 

living in a care home.  

The patient was identified as living in a care home from the date at which this first appears in 

their electronic health record, as gathered from the clinical files and consultation files. Before this 

date, the patient is assumed to be living in their own home and after this date, they are assumed 

to live in a care home. This is useful in identifying patients who move into a care home across the 

study period. Once the patient was considered to be living in a care home, it was assumed they 

did not leave the care home. In some cases this also coincided with the patient exiting the study 
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because they were simultaneously registered with another General Practice and CPRD cannot 

track patients across practices.  

 

(iv) Comorbidity  

Comorbid health conditions were defined using the Charlson Comorbidity Index (CCI) [258]. The 

CCI has been widely used and validated and has previously been applied to electronic health 

records and used in the CPRD to account for patient comorbidity [259, 260]. An adapted version 

of the CCI was used in this study, which translated the CCI to Read Codes that could be applied to 

electronic health record databases [261].  The CCI groups comorbid health conditions using the 

International Classification of Diseases (ICD) diagnosis codes. Comorbidities are allocated a 

weighted score, from one to six, based on their association with mortality. Comorbidities with the 

highest association with mortality and a CCI score of six includes AIDs and metastatic tumour. 

Cerebrovascular disease, chronic pulmonary disease, congestive heart failure and diabetes with a 

CCI score of one, for example. All patients in the sample have a minimum CCI score of one 

because of the dementia diagnosis (Appendix Section 10.06: Appendix 6). Each patient was 

allocated a CCI score, based on the summation of all the weighted comorbidity scores for the 

patient. Higher scores indicate greater comorbidity and greater associated risk of mortality.  

 

(v) Practice level area deprivation  

Deprivation is associated with health, and there is evidence to suggest that living in a deprived 

area is associated with worse health and mental health [262]. Previous studies have found 

variation in prescribing among people with dementia according to area-level deprivation [263]. 

Deprivation as identified from the English IMD 2015 data, linked through the General Practice 

postcode, provided the practice area-level deprivation. The IMD is a measure of relative 

deprivation and ranks every area from the most deprived to the least deprived area and are 

classified into deciles. The General Practices were ranked as being within the most deprived 10% 

up to the least deprived 10%, with higher scores meaning less deprivation. The IMD was coded in 

deciles and was recoded into quintiles for the purpose of analyses.    
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(vi) Polypharmacy  

A categorical variable to account for the overall number of medications prescribed was included 

and categorised as 0-4 medications, 5-9 (polypharmacy) and 10 or more medications 

(hyperpolypharmacy).  

 

(vii) Patient and practice random effects 

Previous studies using the CPRD have identified considerable variation between general practices 

in prescribing appropriateness and safety, particularly among older patients and those prescribed 

multiple medications [116]. The effect of the patient being registered at a particular general 

practice was included in regression analyses to account for the possibility of within and between 

practice variations.  
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Figure 5 structure of the CPRD GOLD data set and variables. Explaining which CPRD file the variables were derived from in the CPRD cohort study.  

There are 10 separate file types included with the CPRD dataset, not all of the files were used for analyses. The practice and file provided information on the practice and linked to patients who were 

registered with each practice, subsequently providing the sample of patients with dementia and patient age and gender variables. The therapy file contained details of patient prescriptions from which the 

total number of prescribed medications and PIM variables were derived. Medication review, dementia annual review and comorbidity were extracted using Read Codes from the clinical file. Residence in a 

care home was derived from the clinical, additional clinical and consultation files to create one care home variable. Linked data set, IMD, was linked to CPRD by the practice postcode. 
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4.08 Statistical analysis  

(a) Description of the sample  

The CPRD cohort study sample was described in terms of the inclusion and exclusion of patients 

with dementia between 1
st

 January 2015 and 30
th

 April 2017. This included a count of the incident 

cases of dementia and patient and practice factors associated with reasons for exclusion from the 

study sample.  

 

(b) Sample characteristics 

The patient characteristics, comorbidity, living situation and the general practice area-level 

deprivation were described for the sample as a whole and among patients with dementia who 

were living in a care home.  

 

(c) Prevalence of potentially inappropriate prescribing  

To address objective 1a of this study, the prevalence of each class of PIM and average number of 

concurrent medications prescribed among patients in primary care was estimated. The 

prevalence of each class of PIM (anticholinergics, antipsychotics, tricyclic antidepressants and 

long-term PPIs) and total number of prescribed medications, was estimated in each two month 

time period from 1
st

 January 2015 until 30
th

 April 2017, by dividing the total number of people 

with dementia with a recorded PIM prescription by the total number of people with dementia in 

the study, at each time period. The prevalence of each PIM and mean number of prescribed 

medications was also estimated according to a patient’s living situation. The proportion of 

patients with dementia with a record of each PIM was estimated with 95% confidence intervals.  

 

(d) Describing occurrence of dementia annual review and medication review   

Patient age, gender, comorbidity, living situation, practice area-level deprivation and proportion 

of patients with a prescription of PIM were described at the point of the first medication review 
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and the first dementia annual review. Kaplan-Meier survival curve graphs were used to estimate 

the time until the first dementia annual review and medication review and to estimate the 

proportion of patients who had had a dementia annual review or medication at different points 

across the study period.  

 

(e) Estimating the change in total medication use and the probability of being 

prescribed a potentially inappropriate medication before and after a review  

Addressing the second aim of this thesis, objective 2a was to estimate the change in the 

probability of a PIM prescription and change in total number of prescribed medications after a 

medication review or dementia annual review. For each patient the first medication review and 

dementia annual review within the study period was identified. The presence of each PIM and the 

average number of concurrent prescribed medications before and after the period including the 

review was identified. The analysis of each PIM class and concurrent prescriptions were treated 

separately in analyses. A prescription of each PIM in the time period after a review was compared 

to the prescription of each PIM in the time period before the review. A figure to explain the set-

up of the analysis is provided in Figure 6.



 

 

 

95 

 

Figure 6 explaining the setup of the McNemar analysis for the CPRD cohort study estimating the change in the probability of being prescribed a PIM before and after a dementia annual review or medication 
review. Reviews and each PIM were analysed separately.  

a = prescription before and after ie. No change; b = PIM Stopped; c = PIM Started; d = No PIM 

The McNemar test compares the proportion of patients who stopped PIM (b) to the proportion of patients who started PIM (c) after a review in the previous time period. For the purpose of the analyses, a lead variable and a lagged 
variable were used to compare PIM prescription in the time period before and after the time period when there was a review
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For the analysis of each PIM class, McNemar tests were used to test the hypothesis of no overall 

change in binary outcomes of PIM prescription before and after the review. The McNemar test 

compares the proportion of patients with dementia who have started compared to stopped a 

PIM, after a review. McNemar uses 2x2 contingency tables to test the proportion of 

disconcordant pairs, an example 2x2 table is shown in Table 7 and example of the Stata output is 

provided in Figure 6. The null hypothesis is H0 : pb = pc  where the probability of starting a PIM 

prescription is equal to the probability of stopping a PIM after a review i.e. a person with 

dementia is as likely to start a antipsychotic medication as they are to stop, after a review.   

To identify the presence of a PIM in 1) the next two month time period and 2) the previous two 

month time period, a lead variable and a lagged variable were generated using Stata’s Time Series 

operators. These variables were used to compare the PIM prescription before and after a record 

of a medication review or dementia annual review. Medication review and dementia annual 

review were analysed separately.   

A paired t-test was used to estimate the change in the average number of concurrently prescribed 

medications after a dementia annual review or medication review. The change in the mean 

number of prescribed medications in the time period after the first record of a review was 

compared to the mean number of medications in the time period before the review. A second t-

test was used for patients who did not have a review, to compare change in medication use 

regardless of a review.  
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Table 7 Example of McNemar 2x2 contingency table to explain the McNemar analysis used to estimate change in the 

probability of being prescribed a PIM after a review.  

 Proportion of patients with PIM after review 

Proportion of patients with PIM before 

review  

PIM = 1 PIM = 0 Row Total 

PIM = 1 a b a + b 

PIM = 0 c d c + d 

Column total a + c b + d n 

Explanation  

a = prescription before and after (no change) 

b = PIM Stopped   

c = PIM Started 

d = No PIM (no change) 

b & c = discordant pairs = outcome is different  

a & d = concordant = outcome is the same  

The McNemar test compares the proportion of patients who stopped PIM (b) to the proportion 

of patients who started PIM (c) after a review in the previous time period.  
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Figure 7 Example of the Stata output of the McNemar analysis in CPRD cohort study. Starting and stopping antipsychotic medications after the first record of a medication review.  

McNemar test in Stata is run using the mcc command. This McNemar test compares the number of patients starting an anticholinergic to the number of patients who stopped an 

anticholinergic at the point of the first record of a medication review. In the table, controls refers to antipsychotic prescription (exposed) or no antipsychotic prescription (unexposed) 

before the review. Cases refers to antipsychotic prescription (exposed) or no antipsychotic prescription (unexposed) after the first review.  
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(f) Estimating the predictors of stopping and starting each PIM  

The objective 2b of this thesis was to estimate the patient and practice level factors associated 

with stopping or starting each class of PIM and associated with a change in the number of 

concurrent prescribed medications. Two potential analysis approaches arose; a multistate model 

and a multilevel regression model. The multistate model approach provided a useful means for 

understanding the processes involved in prescribing, however limitations of this approach 

deemed it inappropriate for the needs of this analysis. A multilevel regression model was 

subsequently applied and accounted for these limitations outlined. 

 

(i) Multistate model for PIM use  

A multistate model was used for initial conceptual understanding of the process of prescribing 

and deprescribing in primary care, in order to inform the development of the multilevel 

regression models used in subsequent analyses.  

A multistate model can be used to describe the process of an individual moving through a series 

of states in continuous time. A multistate model describes a stochastic process, where at any time 

an individual can occupy one state, of a specified number of discrete states. The structure of the 

model specifies the states that are possible and the transitions from state to state which are also 

possible. A traditional Markov model assumes independence from previous transitions, meaning 

that only the current state is relevant and previous states or history are not accounted for [264].    

In this study the multistate model is understood in terms of two possible ‘states’ and four 

‘transitions’ that were used to develop the multilevel regression models for estimating the factors 

associated with PIMs and prescribing.  There were two possible states that each patient could 

occupy in terms of the prescription of each PIM. Each patient with dementia was either taking a 

PIM or not taking a PIM (Figure 8).
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Figure 8 the two possible states of the multistate model for conceptualising the analysis of the CPRD cohort study and the four possible transitions between the two states. 

 1) Patients can transition from no PIM use to PIM use (the patient starts a PIM prescription), 2) Patients can transition from PIM use to no PIM use (the patient stops a PIM prescription), 

3) Patients can ‘transition’ and remain in a state of no PIM use, 4) Patients can ‘transition’ and remain in a state of PIM use.  
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After a review, for example, at a basic level a GP would have, four options for prescribing; starting 

a medication, stopping a medication (if it is also assumed that the process of stopping included 

careful deprescribing processes such as dose reduction before cessation), continuing to prescribe 

a medication and continuing to not prescribe a medication.  

Therefore, there were four possible transitions between the two states.  

1. Starting PIM  

2. Stopping PIM 

3. Continued no PIM use  

4. Continued PIM use  

The transitions between the two states is illustrated in Figure 8. Within each two month time 
period all patients are within one of two possible states. Across two month time periods there are 
four possible transitions. 

1. Patients can transition from no PIM use to PIM use (the patient starts a PIM prescription) 

2. Patients can transition from PIM use to no PIM use (the patient stops a PIM prescription) 

3. Patients can ‘transition’ and remain in a state of no PIM use 

4. Patients can ‘transition’ and remain in a state of PIM use.   

Regression models were developed to reflect these two possible states and four transitions and 

therefore the process of both stopping PIM and starting PIM. Mixed effects regression equations 

were used to model the transitions. First, the odds of starting a PIM were compared to the odds 

of continuing not to take a PIM (among those starting in state 1). Second, the odds of stopping a 

PIM were compared to the odds of continuing to take a PIM (for those starting in state 2). This 

was the case until either the end of the study period or until the patient left the study e.g. having 

died or on leaving the GP practice. Two elements make this analysis different to a typical 

multistate model. First, the random effects of patient and practice are included in the regression 

equations. Second, the process is not assumed to be memoryless, by the inclusion of a variable 

accounting for the previous use of medicines, which would likely predict future use. 

 

(ii) Estimating transition probabilities using multilevel regression  

A multilevel model (also known as a hierarchal model) was used to model the relationship 

between an outcome variable and explanatory variables, which in this study included two 
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exposure variables and a set of confounding variables. Multilevel models are often used to model 

longitudinal data, with multiple data points on individuals over a specified time period. 

Distinct from a simple regression analysis, a multilevel model also accounts for clustering between 

observations. In this study, the relationship with the outcome of PIM prescription was modelled 

accounting for individual patient factors (level one) and factors associated with the GP practice 

where that patient was registered (level two). A multilevel model follows a hierarchal structure, 

with patients nested within practices, for example (see Figure 9) [265–267]. Including practice 

random effects and nesting patients within practices as random effects allows for the between 

practice variation in prescribing practices to be accounted for. Including practice associated 

effects was important because patients who are registered at the same GP practice are expected 

to be more similar to each other than patients registered with another practice. This may be due 

to the patients’ health being influenced by the area they live in and related to the prescribing 

behaviours of individual GPs or within individual practices.   

A multilevel regression model is characterised by the inclusion of variables accounting for the 

random effect of level one and level two factors. The patient random effects (level one) go some 

way to accounting for individual variation across the study period that is unmeasured by the 

confounding variables. The nesting of patients within each practice and the subsequent inclusion 

of practice random effects enabled some accountability for within and between practice 

variations. An example of the structure of the multilevel regression model is provided in Figure 9.  



 

 

1
0

3  

 

 

Figure 9 a visual example of the multilevel model used to estimate the factors associated with PIM and total medication use in people with dementia in primary care in England.  

The model includes two random effects terms, the first is a random intercept (constant only) at the practice level u"# and the second is the random intercept at the 

patient level	u%#	. Patients are nested within practices with estimated starting or stopping PIM at each two month time period (from 1st January 2015 until April 30th 

2017). Estimates are adjusted for a range of time varying covariates	X'#, time-constant covariates X#. modelled for patient i at time j. . u  is randomly distributed 
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(iii) Multilevel logistic regression model  

Multilevel logistic regression models were used to estimate patient and practice level factors 

associated with stopping and starting each PIM (antipsychotic, tricyclic antidepressants, definite 

anticholinergics and proton pump inhibitors) across the study period (1
st

 January 2015 until 30
th

 

April 2017).  

The models included fixed effects of age, sex, comorbidities, area-level deprivation, dementia 

annual review in the previous period and medication review in the previous period, care home 

residence and polypharmacy and random effects of GP practice and within-patient variation. 

Conditional on these covariates the observations are assumed to follow a binomial distribution. 

All analyses were stratified by care home residence.  

The mathematical model for this multilevel logistic regression is provided below and explained in 

terms of the variables included in the model.  
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1) Mathematical model for multilevel logistic regression model 

 

!"# = %&		 + %)*"# 	+ %+*# 	+	%,	*"# + %-	*"# + %.	*# + %/	*# + %0	*"# + 1)# + 1+#	 

 

where, in the multilevel logistic regression model !	 is the log-odds of stopping or starting a PIM 

and in the linear mixed effects regression ! is the estimated change in total medication use.  

 

%)*"# 	+ %+*# 	+	%,	*"# + %-	*"# + %.	*# + %/	*# + %0	*"#  

represents the predictors at each time period, with time varying covariates	*"#, time-constant 

covariates *#   

 

1)# + 1+#	 

1)#  and  1+#		are randomly distributed practice and patient random effect variance components.  
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2) Example statistical model for stopping antipsychotic medication  

 

Log-Odds stopping antipsychotic medication = %&		 + %)	234 +	%+546274			 + %,894:";<=	94:"4>	 +
	%-??@=A;94		 + %.	@BC			 + 	%/	A294	D;64	94="E4FA4		 + 	%0	8;7G8D2962AG		 + 	1)# + 1+#	 

!"#  = estimated log odds of starting or odds of stopping PIM for patient j at time i 

%& = constant  

%)	234 = age in years, estimates are centred on the sample mean of 82 years  

%+546274			= participant gender 1 = female, 0 = male  

%,894:";<=	94:"4>	= record of a medication review or dementia annual review in the previous two 

month time period 1= record of review, 0 = no record of a review  

%-??@=A;94		= patient total Charlson Comorbid Index score.  

%.	@BC()I.)			= relative deprivation quintiles, ranging from 1 to 5, where 1 indicated practices 

within the most deprived areas and 5 as practices in the least deprived areas. As a categorical 

variable, there were five associated %.	@BC			 included in the model.  

	%/	A294	D;64	94="E4FA4		= residential status, 1 = resident in a care home and 0 = community-based 

residence.  

%0	8;7G8D2962AG		= total mediation use, excluding PIMs in each time period. 0 = 0-4, 1 = 5-9, 2 = 

10+ prescribed medications  

1)#= randomly distributed practice level random effect variance component  

1+#= randomly distributed patient level random effect variance components, with patients nested 

within practices  
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(iv) Multilevel linear regression model  

As above, multilevel linear regression models were used to estimate patient and practice level 

factors associated with a change in total medication use across the study period. The models 

included fixed effects of age, sex, comorbidities, area-level deprivation, dementia annual review 

in the previous period and medication review in the previous period, care home residence and 

random effects of GP practice and within-patient variation. Analyses were stratified by care home 

residence.  

The multilevel linear model applied the same hierarchal structure described in Figure 9. The 

mathematical model is outlined below.  

 

1) Mathematical model for linear model  

!"# = %&		 + %)*"# 	+ %+*# 	+		%,	*"# + %-	*"# + %.	*# + %/	*# + 1)# + 1+#	 +	K"#  

where, in the linear regression ! is the estimated change in total medication use.  

%)*"# 	+ %+*# 	+		%,	*"# + %-	*"# + %.	*# + %/	*#  

represents the predictors at each time period, with time varying covariates	*"#  and time-constant 

covariates *#   

1)# + 1+#	 + K"#  

practice and patient random effect variance components plus the error termK"#  
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2) Example statistical linear mixed effects model  

Estimated change in total medication use = %&		 + %)	234 +	%+546274			 + %,894:";<=	94:"4>	 +
	%-??@=A;94		 + %.	@BC			 + 	%/	A294	D;64	94="E4FA4		 + 	1)# + 1+#	 +	K"#  

 

!"#  = estimated change in total number of prescribed medications from time t-2 to time t.  

%& = constant , %)	234 = age (years),  	%+546274			= binary variable for participant gender 1 = female, 

0 = male  

%,894:";<=	94:"4>	= record of a medication review or dementia annual review in the previous two 

month time period 1= record of review, 0 = no record of a review  

%-??@=A;94		= Charlson Comorbid Index score.  

%.	@BC			= relative deprivation quintiles. As a categorical variable, there were five associated 

%.	@BC			 included in the model.  

	%/	A294	D;64	94="E4FA4		= residential status, 1 = resident in a care home and 0 = community-based 

residence.  

	1)#= practice level random effect estimated variance components  

1+#= patient level random effect estimated variance components, with patients nested within 

practices  
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(v) Example Stata model for mixed effects logistic regression  

All analyses were completed in Stata 14. An example of the Stata commands used for the 

multilevel logistic regression model is described below (Figure 10), followed by an explanation of 

the Stata output (Figure 11).  

The Stata model included a multilevel regression command, followed by the outcome (starting 

PIM, stopping PIM, total medication use), predictors (age, gender, previous review, Charlson 

Comorbidity Score, Indices of Multiple Deprivation Quintile, care home residence, previous total 

medication, and practice and patient random effect.  

 

 

 

Figure 10 Stata command example for multilevel logistic regression estimated in CPRD cohort study 

The model includes fixed and random effects equations, separated by | | the first is a random 

intercept (constant only) at the practice level, and the second is the random intercept at the 

patient level. The order is important as the command (melogit) assumes that patients are nested 

within practices. The order of nesting goes from right to left, from the biggest group, the patients 

at level one, to the smallest group, the practices at level two.  
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(vi) Example Stata output  

 

 

 

Figure 11 Example of Stata output for multilevel logistic regression model for the CPRD cohort study.  

The model includes two random effects equations, the first is a random intercept (constant only) 

at the practice level, and the second is the random intercept at the patient level. The model 

includes patients nested within practices. The output shows the estimated variance components 

for the random effects equations.  
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(g) Sample size considerations   

There were an estimated 33,000 patients with dementia based in English CPRD GOLD registered 

practices at the start of the study period (01/01/2015) (sample size estimated from October 

2016 version of CPRD GOLD). There were around 14000 patients with a dementia annual review 

and 16000 with a medication review Read code (CPRD GOLD 2015).  

 

The primary objective of this study was to estimate the effect of dementia annual review or 

medication review on changing prescription of PIM classes. Using data from a RCT of medication 

reviews in the general older population [268], I estimated the number of participants needed to 

demonstrate a change in potentially inappropriate medication (PIM) prevalence, considering a 

relatively rare PIM. This provided an illustrative example of the expected change in prescribing. 

The paired changes in PIM prescriptions before and after exposure (a medication review) are 

provided (Table 8).   

 

For a relatively PIM, where baseline prevalence was around 5%, with a 2% reduction in PIM and 

1% starting a PIM, to detect a difference following a exposure with 90% power (at significance 

level of p =<0.05) this would require a sample of 2600 patients (for rare PIM, such as tricyclic 

antidepressant medications). To reflect the multiple testing correction with a significance level 

of p=<0.05 at 90% power, this would require 4400 patients. More common PIM would require 

fewer participants, and this was comfortably within the 14000 patients with a dementia annual 

review code available in CPRD in the sample size considerations conducted prior to study 

initiation.  

 

Table 8 Proportion of rare PIM prescriptions, such as tricyclic antidepressants post-medication review, based upon Milos 
et al. (2013) 

  Post-review Total  

  PIM No PIM   

Pre-review 

PIM 0.03 0.02 0.05  

No PIM 0.01 0.94 0.95  

 Total 0.04 0.96 1  

n.b. Odds Ratio = 2, Proportion of discordant pairs = 0.03  
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4.09 Model checking  

To check the model assumptions and fit, Pearson residuals were plotted against the predicted 

probabilities, any outliers were investigated and the model was run without outliers and 

compared using likelihood ratio test. As accuracy is increased with the number of integration 

points, the model quadrature was tested by modelling with varied integration points and 

comparing the model fit. Increasing integration increases the number of computations, and 

therefore a balance between speed and accuracy was considered [267]. To assess correlation 

between the independent variables, collinearity was assessed using Variance Inflation Factor (VIF) 

estimates. Dependence among responses within practice and patient clusters (random effects) 

were assessed using Intraclass Correlation Coefficients (ICC).  

 

4.10 Summary  

Primary care electronic health records are a rich and valuable source of existing data on large 

cohorts of people with dementia, including medical records and primary care practices, and 

including the implementation of pay-for-performance incentivising schemes. This chapter has 

presented the approach used to estimate the prevalence of and factors associated with 

potentially inappropriate prescribing in people with dementia. The following chapter presents the 

findings addressing Aim 1 and Aim 2 of this research.   
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V. Chapter 5: CPRD cohort study results   

5.01 Introduction 

A sample of over 22,000 people with dementia in primary care in England were included in this 

study, using electronic health records sampled from CPRD. This chapter reports the results of 

analyses using this cohort of people with dementia. First the prevalence of medication use and 

PIMs in people with dementia is reported. Second, the change in total number of prescribed 

medications and individual PIMs associated with a review is presented. Third, patient and practice 

factors associated with the potentially inappropriate prescribing in people with dementia is 

presented.  

 

5.02 Description of the sample  

There were 22,448 patients with dementia included at any point during the study period.  Table 9 

is an overview of patients who entered and left the study within each two-month time period. At 

the start of the study (1
st

 January 2015 – 28
th

 February 2017) there were 16,061 patients with 

dementia who met the inclusion criteria while 6,024 patients remained at the end of the study 

period (1
st

 March 2017 - 30
th

 April 2017).  Across the study period, there were 10,911 incident 

cases of patients with a dementia diagnosis who were included in the study.  

Around 50% of the sample were included in the study for less than one year and there were a 

number of possible reasons for leaving the study, as described in Table 9. There were 3,732 

patients with dementia who died and 5,039 who left their GP practice. Reasons for leaving GP 

practice may include moving residence, transitioning into residential care and subsequently 

changing the GP practice they are registered with. There were 6,445 patients with dementia who 

left the study because the GP practice that they were registered with was no longer contributing 

data to CPRD after many practices changed the electronic health record system they used. 

Practices leaving CPRD are likely to be the major cause of the decrease in sample size over the 

course of the study as the study is designed so that the sample is representative of people with 

dementia at all of the time points.



 

 

 

1
1

4
 

Table 9 Description of the sample entering and leaving the study across the study period (1st January 2015 – 30th April 2018) and within each two-month time period in CPRD   (n=22,448), including factors 

associated with the patient and factors associated with the GP practice.  

 Entering study  Reasons for leaving the study (n)  
  Patient factors  Practice factors  
Time Period  Sample size (n)1 Incident 

dementia cases6 
(n)  

Deaths  Cumulative 
Death2  

Not included in the 
QOF data recording4  

Patient leaves 
the practice  

Cumulative n 
patient leaves 

practice3  

Last CPRD data 
collection5 

Cumulative Last CPRD 
data collection  

2015           
1st Jan  – 28th Feb   16,061 - - - - - - - - 

1st March  – 30th April   15,519 606 469 469 103 614 614 529 529 

1st May  – 30th June   14,750 827  385 854 27 500 1,114 608 1,137 

1st July  – 31st Aug  13,128 1,115 374 1,228 31 466 1,580 1,161 2,298 

1st Sept – 31st Oct   12,085 1,451  343 1,571  36 489 2,069  750 3,048 

1st Nov  – 31st Dec  10,869 1,280  303 1,874 58 386 2,455 706 3,754 

2016          

1st Jan – 28th Feb   10,402 1,005  291 2,165 91 360 2,815  177 3,931 

1st March  – 30th April  9,882 452  338 2,503  95 463 3,278  165 4,096  

1st May  – 30th June  8,780 832  235 2,738  18 325 3,603  656 4,752 

1st July – 31st Aug  7,876 1,059 185 2,923 25 284 3,887 532 5,284 

1st Sept  – 31st Oct  7,247 694 183 3,106  17 278 4,165 486 5,770 

1st Nov  – 31st Dec   6,754 731 226 3,332  32 322 4,487  176 5,946  

2017          

1st Jan  – 28th Feb  6,204 417 236 3,568 80 306 4,793 290 6,236  

1st March – 30th April  6,024 442 164 3,732  51 246 5,039  119 6,445  

n = individual patients at any point in each period,  
1 total sample n = 22,448, n eligible for analysis (last collection date of CPRD data from practice after period end, registered with the practice before period start, CPRD research quality data, patient leaves practice after the end of the 

time period and died after time period and not excluded from Dementia Annual Review), including incident inclusion into the study based on index date of dementia diagnosis (the point at which patients become eligible for the study) 
2died after the end of the time period  
3 CPRD recorded ‘transfer out’, there is no longer a record of the patient at the practice due to the patient transferring out of the CPRD records before the end of time period. Transfers could occur due to the patient moving into a care 

home, for example, and the patient will be registered with a new practice and there will be no subsequent record in the CPRD.   
4 A practice can identify patients with dementia as exceptions to the Quality and Outcomes Framework indicators, meaning they are on the disease (dementia) register but are not included in the indicator denominator because they 

meet an exception criteria.  
5The last point at which the practice uploaded data to CPRD, therefore after point the practice is no longer contributing data to CPRD and therefore will not be included in the subsequent analyses after this point.  
6Incident cases of dementia. Also including patients with dementia joining a new practice.  
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5.03 Representativeness of CPRD of the population  

(a) Age and sex  

The age of the sample at the start of the study period was normally distributed for both men and 

women with dementia (see Figure 12). This is comparable to the population estimates of the age 

distribution of men and women living with dementia in the UK [1, 28] (see Figure 13 as example 

to compare the distributions).  
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Figure 12 the distribution of patients with dementia across each age category, stratified by gender at the start of the 
study period (January 2015) n=16,061 in the CPRD. 

.  

 

Figure 13 Frequency of people living with dementia in UK.  

Source: https://www.dementiastatistics.org/statistics/prevalence-by-age-in-the-uk/ 

 Prince et al.,(2014) Dementia UK: Update Second Edition report produced by King’s College London and the London 

School of Economics for the Alzheimer’s Society – Data from Expert Delphi Consensus of UK population-based studies of 

dementia prevalence, including CFAS estimates (Matthews et al., 2013)  
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(b) Deprivation  

The area-level deprivation at practice level was broadly representative of the country as a whole 

(see Figure 14). The percentage of practices within each decile of IMD ranged from 8.0% to 11.7%. 

There were 8.0% of practices that were in the most deprived decile and 9.8% in the least deprived 

decile. Although the two most deprived deciles were under-represented there was no obvious 

trend that indicated bias.  

 

Figure 14 percentage of the GP practices (n=282) within each decile of IMD at the start of the study period (January 
2015). 

Data is grouped into deciles at the 2015 National English level and are ranked from 1 to 10. 1 indicates that 

the GP practice falls within the most deprived area and 10 indicates that the GP practice is within the least 

deprived 10% of areas. 
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5.04 Sample characteristics  

There were a total of 22,448 patients with dementia included in the study (1st January 2015 – 30th 

April 2017), who were registered with 282 primary care practices (see Table 10).  

At the start of the study period, 65.8% of the sample were female and the mean age was 82.9 

years (SD 7.8). The mean CCI score was 2.8 (SD 1.8) and scores ranged from 1 to 15, with higher 

scores indicating worse comorbidity. There were 29.0% of patients with dementia who were living 

in a care home. People who were living in a care home were older (mean age 85.4 years SD 7.6) 

and there were more females living in a care home (75.8%) than in their own home (61.7%).  

The mean age of the sample was similar at the end of the study period (April 2017) (82.2 years SD 

7.7). There were less people with dementia from this sample living in a care home at the end of 

the study period (22.6%), likely because there were fewer people with dementia included in the 

study over time.   
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Table 10 characteristics of the CPRD cohort of patients with dementia in primary care in England from 1st January 2015 

until 30th April 2017, stratified by residential status.  

 Living situation  

Variable  Total sample  Care home Own home   

n 22,448 5,507 16,941 

Practice n 282    

% Female  65.81 75.84 61.71 

Average age (mean, 

sd) (years)  

82.93 (7.77) 85.42 (7.59) 81.91 (7.61) 

Comorbidity     

Mean CCI (SD)  2.76 (1.81) 2.74 (1.81) 2.77 (1.82) 

CCI Range  1-15  1-12 1-15 

IMD (%)    

Most deprived (1) 17.18 15.82 17.74 

2 20.60 21.01 20.44 

3 22.81 22.77 22.82 

4 19.79 21.46 19.11 

Least deprived (5) 19.61 18.95 19.88 

Care Home (%)  29.01   

n = total number of individual patients / practices  

Characteristics at the start of the study period, January 2015  

CCI: Charlson Comorbidity Index Score: higher scores = worse comorbidity  

IMD: Indices of Multiple Deprivation. Practice area-level deprivation quintiles.  
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(a) Comorbidity  

All patients included in the study had a minimum Charlson Comorbidity Index score of one, due to 

the presence of a dementia diagnosis and one third of the sample had the minimum comorbidity 

score of one (32.7%) (See Figure 15). As expected, an increase in comorbidity score was also 

associated with an increase in total number of prescribed medications. Patients with a CCI score 

of one were prescribed a mean of 6.2 (SD 3.7) medications and patients with a CCI score of six 

were prescribed a mean 10.0 (SD 4.4) medications.  

 

Figure 15 bar chart of the percentage of the Charlson Comorbidity Index (CCI) score across the sample of patients with 
dementia in January 2015 in primary care in England, greater scores indicate worse comorbidity.  
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5.05 Descriptive statistics: total medication use and PIMs  

(a) Total medication use of patients with dementia in primary care  

The median number of medications prescribed was 7 (IQR 5-10) across the study period. The 

mean number of medications prescribed to a patient with dementia in England was 7.7 (SD 4.2) at 

the start of the study period (1st January 2015) and was 7.6 (SD 4.3) at the end of the study (30th 

April 2017). On average, patients with dementia who were living in a care home were taking more 

medications (mean=8.5 SD 4.3) than patients with dementia who were living in their own home 

(mean=7.3 SD 4.1). The total number of prescriptions was remarkably stable over the study 

period.    

 

(b) Prevalence of potentially inappropriate medication use  

PIM were prevalent in this sample. At the start of the study 31.0% (95% CI 30.2-31.7) were 

prescribed long-term PPIs, 17.1% (95% CI 16.5-17.7) prescribed anticholinergics, 8.1% (95% CI 7.6-

8.5), 9.4% (95% CI 9.0-9.9) prescribed antipsychotics. Across the duration of the study period, 32% 

were ever prescribed PPIs for more than 8 weeks (31.5% 95% CI 31.2-31.7), 17% were prescribed 

anticholinergic medications (16.7% 95% CI 16.5-16.9), 8% were prescribed antipsychotics (8.5% 

95% CI 8.4-8.7) and 7% were prescribed tricyclic antidepressant medications (7.5% 95% CI 7.4-7.6) 

at any time during the study period. The prevalence of PIM use among patients with dementia 

remained stable across the study period. The biggest change was in antipsychotics that fell from 

9.4% (95% CI 9.0-9.9) at the start of the study (January 2015), to 8.0% (95% CI 7.3-8.7) at the end 

of the study period (April 2018) (see Figure 16).   
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Figure 16 prevalence and 95% CI of PIM prescription among patients with dementia in England from 1st January 2015 - 

30th April 2017, split across two-month time periods (n=22,448) 
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(c) Use of potentially inappropriate medication use according to living situation  

Overall, prevalence of PIM prescriptions was greater among patients with dementia who were 

living in a care home, compared to those living in their own home (see Figure 17), although there 

were some similarities. As in the whole sample of patients, the prescription of long-term PPIs was 

most prevalent. Long-term PPI average period prevalence from 1st May 2015- 30th June 2015 was 

slightly greater for prescribing long-term PPIs in care homes (34.5% 95% CI 33.1-35.9) compared 

to patients living in their own home (30.0% 95% CI 29-30.4). At the start of the study period (1st 

January 2015- 28th February 2015), 19% (95% CI 18.0-20.3) of people with dementia in care homes 

were prescribed anticholinergics. Compared to 16.3% (95% CI 18.0-20.3) of patients living in their 

own home. Twice as many patients were prescribed antipsychotics who lived in a care home. In 

care homes, 15.0% (95% CI 14.0-16.0) of people with dementia were prescribed antipsychotics. 

Compared to 7.2% (95% CI 6.7-7.7) of people with dementia living in their own home. And finally, 

10.1% (95% CI 9.3-11.0) of patients in a care home were prescribed tricyclic antidepressants, 

compared to 7% (95% CI 6.7-7.7) of patients in their own home. The average period prevalence 

estimates in each two month time period remained relatively stable over the study duration. In 

care homes, there was a small decrease in the prescription of tricyclic antidepressants from 10.1% 

to 8.7% (95% CI 7.4-10.4) in the last two month time period (March 1st 2017 - April 30th 2017).  

 



 

124 

 

 

Figure 17 Prevalence of PIM prescriptions among patients with dementia in England, stratified by living situation.  

 

Care home n= 5,507 and living in their own home n= 16,941. Average period prevalence estimates 1st May 2015 – 30th 

June 2015. Estimate from May time period due to long-term PPI prescriptions defined by prescription for more than 8 

weeks and therefore no data is available before this point.   
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5.06 Dementia annual review and medication review  

 

Less than half of all patients (40.9%) had a record of a dementia annual review. Within the first six 

months of entering the study, 40% of patients had had a medication review and 25% had had a 

dementia annual review (see Figure 18). Patient characteristics were similar across patients who 

did and did not have a record of a medication review. Patients were prescribed similar number of 

medications but only 57% had at least one medication review recorded across the study period 

(see Table 11 ). Patients who had a medication review were taking an average of 8 medications 

(SD 4.4), compared with an average of 7 medications (SD 7.6) among patients who did not have a 

review and there was relatively little difference in prevalence of PIM prescription.   
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Table 11 characteristics of patients with dementia in primary care in England, stratified by review. 

 Medication review1  Dementia annual review1  

Variable  Total 

sample  

No review  1 or more   No review  1 or more  

n 22,448 9,649  

(42.98%)  

12,799 

(57.02%) 

13,260 

(59.07%) 

9,188 

(40.93%)  

% Female  64.65 64.64  64.94 64.63 64.95 

Age at baseline (mean, sd) 82.9 

(7.8) 

82.93  

(7.80) 

82.87 

(7.73) 

82.93 

(7.80)  

82.94 

(7.67)  

Median CCI (IQR)   2 (1-4) 2 (1-4) 3 (1-4)  2 (1-4) 2 (1-4)  

IMD (%)      

Most deprived  16.84 16.92 15.99 16.70 18.93 

Least deprived  21.41 21.25 23.00 21.57 18.98 

Care Home (%)  27.12 27.03 28.03 27.02 28.62 

PIM (% prescribed)2      

Anticholinergics 16.72 16.59 18.06 16.68 17.26 

Antipsychotics 8.51 8.43 9.36 8.46 9.28 

Tricyclics  7.49 7.45 7.94 7.48 7.69 

Long-term PPI  31.47 31.41 32.24 31.50 30.63 

Mean number of 
medications (sd) 

7.42 

(4.11) 

7.58 (4.18) 8.20 (4.36)  7.62 (4.20) 7.89 (4.27)  

1Estimates are at any point across the study period but relate to the first record of a dementia 

annual review and medication review.  

CCI: Charlson Comorbidity Index Score: higher scores = worse comorbidity  

IMD: Indices of Multiple Deprivation. Practice area-level deprivation quintiles.  

Total medications excludes topical, devices, dental, ocular and nasal products.  
2PIM prescription ever across the study period 
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Figure 18 Kaplan-Meier survival curve of time until the first record of a review from point of entrance into the study 

among patients with dementia in primary care in England.  

Analyses do not reflect whether patients have had a dementia review or medication review prior to entering the study. 

All patients were included from the point at which they entered the study, with the point of censoring identified as the 

first record of a review. Kaplan-Meier survival curves were estimated using Stata st commands.  
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(a) Estimating the change in total medication use after a review  

A review was associated with a small but statistically significant increase in the number of 

medications prescribed in the paired t-test comparing mean number of medications before and 

after a review (see Table 12). The first record of a dementia review was associated with a 0.17 

(95% CI 0.10-0.24) increase from a mean 7.37 (SD 4.05) medications to 7.53 (SD 4.03) mean 

medications. The first record of a medication review was also associated with a significant 

increase of 0.12 (95% CI 0.07-0.18) mean prescribed medications. Average number of medications 

increased from 7.54 (SD 4.04) to 7.67 (SD 4.10) after the first medication review. In comparison to 

patients with dementia who did not have a review, average number of medications also increased 

over the same time period. However, the average increase was around twice as high when there 

was a dementia review (0.17 95% CI 0.10-0.24) compared to no review (0.08 95% CI 0.07-0.09). 

Taken together, this suggests that people with dementia receive more medications over time.  

When the effect of review is estimated using a linear mixed model (Chapter 4 Section 4.08), 

dementia annual review remained associated with a small but significant increase in average 

number of prescribed medications (Table 13). The unadjusted linear regression model suggested 

that a dementia review, across the study period, was associated with a significant increase in the 

mean number of prescribed medications (0.10 95% CI 0.04-0.16). This effect remained after 

adjusting for covariates and patient and practice effects (0.10 95% CI 0.04-0.16). In the adjusted 

linear model, medication review across the study period, was associated with a small decrease in 

the average number of prescribed medications (-0.04 95% CI -0.07-0.01).  When analyses were 

stratified by residential status, medication review was associated with a small and significant 

decrease (-0.08 95% CI -0.16, -0.01) in average medication use in patients with dementia who 

were living in a care home.  
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Table 12 Paired t-test results of the difference in mean number of medications prescribed before and after the first 
record of a review. Comparison also provided for no record of a review in patients with dementia in comparative time 
periods.  

Total 
Medications1  

Before review  
(mean, SD) 

After review 
(mean, SD)  

Difference  95% CI  

Dementia annual 
review 

(n=4,354) 

7.37 (4.05) 7.54 (4.03) +0.17 (0.10-0.24) 

Medication 
review 

(n=7,474) 

7.54 (4.04) 7.67 (4.10) +0.12 (0.07-0.18) 

     
No dementia 
annual review 

7.44 (4.03) 7.52 (4.07) +0.08 (0.07-0.09) 

No medication 
review 

7.45 (4.03) 7.53 (4.07) +0.08 (0.06-0.09) 

*p=<0.05 CI = confidence interval  
1 paired t-test estimating the change in mean number of total medications from the two month 
time period before the review, compared to the time period after the review.  
 
Review is at the first record of a medication review or dementia annual review during the study 
period. Previous estimates of average number of prescribed medications vary as they are 
estimating in different time periods, here comparing the average prescriptions in the two 
month time period before the review to the prescribed medications in the two month time 
period after the review.  
Comparative estimates compare total number of medications before (t-2) and after (t) the 
study time periods when there is not a record of a review (t-1).  
 
Mean difference in total medications after any medication review, mean =0.09 (SD 2.25), 
difference without a medication review mean =0.06 (SD 2.45) 
Mean difference in total medications after dementia review mean = 0.17 (SD 2.35), difference 
without a review, mean = 0.08 (SD 2.28) 
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Table 13 Mixed effects linear regression model estimating the relationship between reviews and change in total number 
of prescribed medications in people with a dementia diagnosis in England. Clinical Practice Research Datalink (n=17,437) 

 Unadjusted model  Adjusted mixed 
effects model  

Home Residence stratification  
 
VARIABLES Change in mean 

number 
prescriptions  

Change in mean 
number prescriptions  

(n=17,437) 

Care Home  
(n=5,241) 

Not in Care Home  
(n=12,849)  

     
Age  -0.002 -0.002 -0.001 
  (-0.004 - 0.000) (-0.006 - 0.001) (-0.003 - 0.001) 
Female  -0.032* -0.095* -0.012 
  (-0.062 - -0.001) (-0.162 - -0.027) (-0.046 - 0.022) 
Previous Review      
     
Medication review  -0.038 -0.038 -0.081* -0.018 
 (-0.077 - 0.001) (-0.077 - 0.002) (-0.155 - -0.007) (-0.065 - 0.028) 
Dementia annual review  0.102* 0.103* 0.121* 0.094* 
 (0.043 - 0.162) (0.044 - 0.162) (0.007 - 0.235) (0.025 - 0.164) 
CCI  -0.004 -0.008 -0.003 
  (-0.012 - 0.004) (-0.024 - 0.008) (-0.012 - 0.006) 
IMD      
3-4  -0.013 -0.047 0.002 
  (-0.066 - 0.040) (-0.158 - 0.064) (-0.052 - 0.055) 
5-6  -0.016 -0.069 0.009 
  (-0.068 - 0.037) (-0.178 - 0.040) (-0.044 - 0.061) 
7-8  -0.007 -0.039 0.007 
  (-0.061 - 0.047) (-0.152 - 0.075) (-0.048 - 0.061) 
9-10, least deprived  0.002 -0.048 0.025 
  (-0.050 - 0.055) (-0.156 - 0.061) (-0.028 - 0.078) 
Care Home   -0.003   
  (-0.036 - 0.029)   
     
Constant coefficient  0.083* 0.121* 0.225* 0.089* 
 (0.067 - 0.098) (0.071 - 0.171) (0.118 - 0.332) (0.037 - 0.142) 
Random Effects1     
Practice  0.003 0.011 - 
  (0.001-0.006) (0.004-0.025) - 
Patients nested within 
practice2 

 - - - 

  - - - 
Residual variance  5.202 5.199 5.813 4.954 
 (5.156-5.248) (5.153-5.244) (5.718-5.901) (4.903-5.00^) 
Estimated coefficients *p<0.05  

CCI: Charlson Comorbidity Index Score: higher scores = worse comorbidity  

IMD: Indices of Multiple Deprivation   
1estimated variance components of the random effects equations. Variance components are estimates of the amount of variance in 

the dependant variable that is attributable to the random effects. There are two random effects equations, the first is a random 

intercept (constant only) at the practice level and the second is the random intercept at the patient level, with patients nested 

within practices.  

 

n= total number of individual patients with dementia included in analyses, smaller n than total sample as there is no available data 

for previous review in the first two month time period when a participant enters the study and some participants are included for 

one 2 month time period and there is no available data on the change in their total medication use.  

Number of patients transition to care home n=653  
2 Within patient and within practice correlations were both less than 0.01. Likelihood ratio tests comparing the model without the 

random effect estimations did indicate a statistically significant difference between the models (X2=8.33, df(2) p=>0.05)   

Collinearity between variables mean VIF = 1.07 
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(b) Estimating the association of dementia annual review and medication review with 

PIMs  

A summary of the results from McNemar tests at the first record of a review and the association 

of a review with starting and stopping PIM is provided in Table 14. The tables of results from the 

models for each PIM and McNemar tables are in Appendix Section 10.07-10.09.  

 

(i) Anticholinergics  

More patients with dementia started anticholinergic medications after the first record of 

medication review (started n=195, stopped n=188) and first dementia review (started n=112, 

stopped n=106). However, neither of the differences at the first record of a review were 

statistically significant (Table 14).  

 

Across the study period, the rate of starting anticholinergics was slightly greater when patients 

had a medication review (n=433, 2.6%) compared to when there was no review (n=1,844, 2.1%) 

(Table 14). However, the rate of starting was greater without a dementia annual review (n=2,118, 

2.2%), compared to when there was a review (n=159, 1.8%). The adjusted multilevel logistic 

regression model estimated that a medication review was associated with an increase in the odds 

of starting anticholinergic medication (OR 1.20 95% CI 1.06-1.36). In addition, a dementia annual 

review was associated with significantly less starting of anticholinergic medications (OR 0.77 95% 

CI 0.64-0.92), compared to when there was no record of a review.  

 

More patients stopped anticholinergics after a medication review than a dementia annual review. 

The rate of stopping anticholinergics after a review across the study period was greater in patients 

with a medication review (n=473, 11.8%, compared to no review n=1,871 10.4%). Fewer patients 

stopped an anticholinergic after a dementia review (n=146 8.0%) compared to when there was no 

record of a review (n=2,198 10.9%). The multilevel logistic regression estimated that, in patients 

who were prescribed anticholinergic medications, a medication review was associated with 

stopping anticholinergic medications (OR 1.21 95% CI 1.06 - 1.38). A dementia annual review was 

associated with a significant decrease in the odds of stopping anticholinergic medication, 

compared to when there was no record of a review (OR 0.58 95% CI 0.48-0.71) (Table 14).   
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Table 14 Estimating the association of dementia annual review and medication review with PIMs results from McNemar test at the first record of a review and the adjusted mixed effects logistic regression 
models 

 McNemar test at first record of a review Starting   Stopping 

 Patients 

stopping 

PIM (n) 

 

Patients 

continuing 

PIM (n) 

Patients 

starting 

PIM (n) 

Patients 

not 

taking 

PIM (n) 

p-value After any 

review  

n (%) 

Unadjusted Model  Adjusted model After any 

review  

n (%) 

Unadjusted Model  

 

Adjusted Model  

 

Medication review        

Anticholinergics 188 1141 195 5959 0.759 433 (2.6) 1.27* (1.14 - 1.41) 1.20* (1.06 - 1.36) 473 (11.8) 1.19* (1.06 - 1.32) 1.21* (1.06 - 1.38) 

Antipsychotics 52 320 64 3927 >0.001* 285 (1.6) 1.27* (1.11 - 1.45) 1.19*  (1.03 - 1.39) 224 (10.8) 1.08 (0.93 - 1.27) 1.07 (0.89 - 1.29) 

Tricyclics  70 512 79 6822 0.471 173 (0.9) 1.39* (1.17 - 1.64) 1.36* (1.12 - 1.67) 185 (10.6) 1.20* (1.01 - 1.42) 1.25* (1.01 - 1.54) 

Long-term PPI  85 1324 104 2900 0.167 259 (1.8) 1.01 (0.89 - 1.16) 0.95 (0.81 - 1.11) 261 (2.6) 1.33* (1.16 - 1.53) 1.39* (1.18 - 1.65) 

            

Dementia annual review       

Anticholinergics  106 622 112 3523 0.685 159 (1.8) 0.82* (0.70 - 0.97) 0.77* (0.64 - 0.92) 146 (8.0) 0.69*(0.58 - 0.82) 0.58* (0.48 - 0.71) 

Antipsychotics 80 536 128 6739 0.265 98 (1.1) 0.77* (0.63 - 0.95) 0.68* (0.54 - 0.86) 73 (7.5) 0.67* (0.52 - 0.86) 0.55* (0.41 - 0.73) 

Tricyclics 44 292 53 3974 0.361 64 (0.7) 0.89 (0.69 - 1.16) 0.90 (0.67 - 1.21) 58 (7.2) 0.70* (0.53 - 0.93) 0.62* (0.45 - 0.86) 

Long-term PPI  38 662 62 1397 >0.05* 93 (1.3) 0.67* (0.54 - 0.83) 0.65* (0.51 - 0.83) 68 (1.0) 0.42* (0.33 - 0.54) 0.39* (0.30 - 0.52) 

*p=<0.05  (OR, 95% CI)  

n = number of individual patients at first record of a review 

Starting and stopping without a review  
Starting anticholinergics without medication review n=1,844 (2.1%), without dementia review n=2,118 (2.2%), stopping anticholinergics without medication review n=1,871 (10.4%), without dementia review n=2,198 (10.9%)  

Number of patients starting without medication review n=1,211 (1.26%), without dementia review n=1,398 (1.33%), stopping antipsychotics without medication review n=914 (10.3%), stopping without dementia review 1,065 (10.7%)  

Starting tricyclic without review n=664 (0.7%), starting without dementia review n=773 (0.7%), stopping without medication review n=740 (9.2%), without review n=867 (9.7%) 

Patients not prescribed PPI or prescribed for less than 8 weeks after a review n=1,403 (1.83%), n=1571 (1.87%) not prescribed PPI for more than 8 weeks. Stopping long-term PPI without a medication review n=1,013 (2.1%), without a dementia review 

n=1,206 (2.3%)  

Disconcordant pairs used to estimate McNemar Chi-squared test highlighted in bold. Change in total number of cases of each PIM from t-1, compared with t+1, when there is a record of a review at t. Review is at the first record of a medication review 

or dementia annual review during the study period.  

Logistic regression models adjusted for age, gender, medication review, dementia annual review, comorbidity, living situation and patient and practice random effects.  
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(ii) Antipsychotics  

A medication review was associated with increased prescribing of antipsychotic medications in 

patients with dementia in primary care (Table 14). After the first record of a medication review, 

significantly more patients with dementia were prescribed antipsychotic medication (n=128) than 

having an antipsychotic medication stopped (n=80) (p=>0.001). Proportionally, there were slightly 

more patients who started an antipsychotic after a medication review (n=285, 1.6%), compared to 

when there was no record of a review (n=1,211, 1.3%) across the study period. The adjusted 

multilevel logistic regression model estimated that a record of a medication review, across the 

study period was associated with an estimated 19% increase in the odds of starting antipsychotic 

medication (OR 1.19 95% CI 1.03-1.39) (Table 14). There was no evidence to suggest that 

medication review was associated with stopping antipsychotic medications (OR 1.07 95% CI 0.89-

1.29).  

A dementia annual review was associated with decreased odds of stopping as well as decreased 

odds of starting antipsychotic medication. At the first record of a dementia review, there was little 

suggestion that a review was associated with increased stopping or starting of antipsychotic 

medications. However, across the study period, a dementia review was associated with 

proportionally less starting (n=98, 1.01%) compared to no review (n=1,398, 1.3%), in patients 

without antipsychotic prescription. Furthermore, a dementia review was associated with 

proportionally less stopping (n=73, 7.5%) compared to no review (n=1,065, 10.7%), in patients 

prescribed antipsychotic medications. The adjusted multilevel logistic regression model estimated 

that a dementia annual review was associated with 32% decreased odds of starting antipsychotic 

medication (OR 0.68 95% CI 0.54-0.86). Dementia review was also associated with 45% decreased 

odds of stopping antipsychotic medication (OR 0.55 95% CI 0.41-0.73) (Table 14).   
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(iii) Tricyclic antidepressants  

The McNemar test suggested that more patients started a tricyclic antidepressant after a review 

than stopped, although the difference between stopping and starting was not statistically 

significant (Table 14).  

Overall, a medication review was associated with both starting tricyclic antidepressants in 

patients who were not prescribed them and stopping in patients with a tricyclic antidepressant 

prescription. Across the study period and after a medication review, proportionally more patients 

started a tricyclic antidepressant (n=173, 0.9%) compared to when there was no review (n=664, 

0.7%). The adjusted multilevel logistic regression model estimated that a medication review was 

associated with 36% increase in the odds of starting tricyclic antidepressant medication, 

compared to no review (OR 1.36 95% CI1.12-1.67) (Table 14).  

Proportionally more patients stopped tricyclic antidepressant medication after a medication 

review (n=185, 10.6%), compared to no medication review (n=740, 9.2%). The adjusted model 

estimated that a medication review was associated with 20% increase in the odds of stopping 

tricyclic antidepressant medication (OR 1.20 95% CI 1.01-1.42).  

A dementia review was associated with a significant decrease in the odds of stopping tricyclic 

antidepressant medication (OR 0.70 95% 0.53-0.93). Proportionally, fewer patients stopped 

tricyclics after a dementia review (n=58, 7.2%) compared to no review (n=867, 9.7%). There was 

no evidence to suggest that a dementia review was associated with starting tricyclic 

antidepressant medications (OR 0.90 95% CI 0.67-1.21) (Table 14). 
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(iv) Long-term Proton Pump Inhibitor  

The McNemar test suggested that at the first record of a dementia annual review, more patients 

were prescribed a PPI for 8 weeks or more (n=62), compared to fewer patients who had a long-

term PPI stopped (n=38) (p=>0.05). However, across the study period, proportionally fewer 

patients were prescribed a long-term PPI after a dementia review (n=91, 1.2%), compared to no 

review (n=1,571, 1.9%) (Table 14). Furthermore, the adjusted multilevel logistic regression model 

estimated that a dementia annual review was associated with significantly decreased odds of 

being prescribed a PPI for more than 8 weeks (OR 0.67 95% CI 0.54-0.83). However, in patients 

who were prescribed long-term PPI, a dementia annual review was estimated to be associated 

with decreased odds of stopping (OR 0.39 95% CI 0.30-0.52). A medication review was associated 

with significantly increased odds of stopping a long-term PPI (OR 1.39 95% CI 1.18-1.65). There 

was no evidence to suggest that a medication review was associated with being newly prescribed 

a PPI for more than 8 weeks (Table 14).  
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(c) Estimating the association of living situation with stopping and starting PIMs  

Living in a care home was associated with greater PIM use in general. People living in care homes 

were more likely to start antipsychotic (OR 1.38 95% CI 1.33-1.87) and anticholinergic (OR 1.15 

95% CI 1.00-1.33) medications, but were less likely to start PPI (OR 0.73 95% CI 0.60-0.90). They 

were also less likely to stop antipsychotics, once initiated (OR 0.68 95% CI 0.55-0.83) (Table 15).  

For patients who were living in a care home, a medication review was associated with more 

stopping of antipsychotic medication (OR 1.45 95% CI 1.09-1.94) and tricyclic antidepressants (OR 

1.62 95% CI 1.12-2.36). Whereas there was no evidence of an association of medication review 

among patients living in their own home with antipsychotic prescribing (OR 0.86 95% CI 0.67-1.10) 

or stopping tricyclic antidepressants (OR 1.10 95% CI 0.86-1.42).  

Medication review in patients living in their own home was associated with significantly increased 

odds of starting anticholinergics, antipsychotics and tricyclic antidepressants (see Table 15). 

Whereas, stratified analyses did not indicate any association of a medication review among 

patients in a care home with starting PIMs. Conversely, a dementia annual review was associated 

with significantly decreased odds of starting all PIMs in patients who were living in their own 

homes. There was no evidence of an association of dementia annual review with starting PIMs 

among patients who were living in a care home (Table 15).



 

 

 

1
3

7
 

Table 15 estimating the association of living situation with starting and stopping PIM amongst patients with dementia in England.  

 Adjusted regression 

model  

Stratified model  

Care home  

Stratified model 

Own home  

 Care Home  

 

Medication review  Dementia annual review  Medication review  Dementia annual review  

Stopping PIM  

 

Anticholinergics 0.99 (0.84 - 1.16) 1.64* (1.31 - 2.07) 0.66* (0.47 - 0.94) 1.04 (0.88 - 1.22) 0.55* (0.42 - 0.70) 

Antipsychotics 0.68* (0.55 - 0.83) 1.45* (1.09 - 1.94) 0.70 (0.46 - 1.08) 0.86 (0.67 - 1.10)  0.45* (0.30 - 0.66) 

Tricyclics  0.79 (0.61 - 1.02) 1.62* (1.12 - 2.36)  0.81 (0.46 - 1.43) 1.10 (0.86 - 1.42) 0.56* (0.38 - 0.83) 

Long-term PPI  1.03 (0.83 - 1.29) 1.54* (1.12 - 2.13) 0.31* (0.18 - 0.55) 1.31* (1.07 - 1.60)  0.42* (0.31 - 0.58) 

 

Starting PIM  

 

Anticholinergics  1.15* (1.00 - 1.33) 0.99 (0.80 - 1.24) 0.75 (0.54 - 1.04) 1.31* (1.13 - 1.51) 0.77* (0.62 - 0.96) 

Antipsychotics 1.38* (1.33 - 1.87) 1.01 (0.78 - 1.31) 0.76 (0.52 - 1.12) 1.30* (1.08 - 1.56) 0.62* (0.47 - 0.83) 

Tricyclics 0.80 (0.61 - 1.04) 1.18 (0.75 - 1.84)  1.33 (0.76 - 2.31) 1.44* (1.15 - 1.81)  0.78 (0.54 - 1.11) 

Long-term PPI  0.73* (0.60 - 0.90)  0.91 (0.64 - 1.27) 0.42* (0.24 - 0.75) 0.95 (0.79 - 1.14) 0.72* (0.55 - 0.95) 

*p=<0.05 OR (95% CI)  
Sample sizes mixed effects regression models: 
Stopping amongst patients prescribed PIM: Anticholinergic n= 2,344, antipsychotic n=1,138 , tricyclic n=925, PPI n= 1,274 

Starting amongst patients not prescribed PIM: anticholinergic n=2,277, antipsychotic n= 1,496 tricyclic n=837, PPI n=1,662  

 

Logistic regression models adjusted for age, gender, medication review, dementia annual review, comorbidity, living situation and patient and practice 

random effects.  
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(d) Other patient and practice level factors associated with stopping and starting PIM  

There were a number of patient and practice level factors associated with stopping and starting 

PIM. These results are summarised and the findings are presented in tables in the Appendix 

Section 10.08-10.09  

 

(i) Age 

Older age was associated with a decrease in the odds of being prescribed antipsychotics, 

anticholinergic medication and a long-term PPI. Older age was associated with decreased odds of 

having a long-term PPI prescription and antipsychotic medication stopped. Older age slightly 

increased the odds of stopping anticholinergic medication (OR 1.01 95% CI 1.00-1.02) and there 

was no association of age with prescribing tricyclic antidepressants.  

 

(ii) Gender 

Females were 22% less likely to be prescribed a long-term PPI and were 38% more likely to start 

tricyclic antidepressant medication (OR 1.38 95% CI 1.08-1.78). In patients prescribed long-term 

PPI, females were 19% less likely to stop than males (OR 0.81 95% CI 0.67-1.00). Furthermore, 

females were 32% less likely to stop tricyclics (OR 0.68 95% CI 0.52-0.87) and 18% less likely to 

stop anticholinergic (OR 0.82 95% CI 0.70-0.95). There was no association of gender with stopping 

or starting antipsychotics and no effect on starting anticholinergics.   

 

(iii) Comorbidity  

A one point increase in Charlson Comorbidity Index score was associated with a 10% increase in 

the odds of starting a PPI that was prescribed for 8 weeks or more (OR 1.10 95% CI 1.04-1.15) and 

a 7% increase in the odds of starting a tricyclic antidepressant. Greater comorbidity was also 

associated with increased odds of stopping long-term PPIs and antipsychotic medications (OR 1.09 

95% CI 1.04-1.15). Finally, greater comorbidity was associated with reduced odds of being 

prescribed antipsychotic medication (OR 0.95 95% CI 0.91-1.00).  
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(iv) Polypharmacy  

Amongst patients with dementia, being prescribed 5 or more medications (excluding PIMs) was 

consistently associated with statistically significant decrease in the odds of stopping PIM and 

significantly increased odds of starting a prescription of PIM, with the exception of tricyclic 

antidepressants. In addition, the odds of being newly prescribed a PIM were greatest in the 

patients who were already taking 10 or more medications, compared to 0-4 medications. 
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5.07 Summary  

This chapter presented the findings of my CPRD cohort study analysis of primary care data from 

patients with dementia in England. These findings demonstrated that patients with dementia 

were prescribed on average, 8 medications. The most prevalent PIM class examined were long-

term PPIs (32%), 17% of patients were prescribed anticholinergics, 8% prescribed antipsychotics 

and 7% prescribed tricyclic antidepressants, with little change in prevalence across the duration of 

the study period (1st January 2015 until 30th April 2017). PIM prevalence and average number of 

medications prescribed was consistently higher amongst patients with dementia who were living 

in a care home, compared to their own home. The prevalence of tricyclic antidepressants and 

antipsychotics was more than twice as high in patients with dementia living in a care home. 

Generally, PIMs were stopped less and started more in care homes. However, when a patient had 

a medication review in a care home the likelihood of stopping a PIM was much greater than 

among patients living in their own home who had a medication review.  

A dementia annual review appeared to be associated with optimising PIMs, particularly among 

patients with dementia who were living in their own home. A dementia review was associated 

with reduced initiation of new PIM prescriptions. A dementia review was also associated with 

reduced likelihood of stopping PIMs. This may indicate an appropriate prescription of a PIM that 

has been monitored in the review and is considered appropriate for the patient.  

Both a dementia annual review and medication review were associated with an overall increase in 

the average number of medications, compared to similar time periods where no review took 

place. Factors associated with PIM prescriptions included being older, female, and being 

prescribed 5 or more medicines. These findings are discussed in Chapter 8. The following chapter 

reports the methodological approach employed in my analysis of how these PIM affect survival in 

a cohort study (CFAS II) subsample of older adults with cognitive impairment.  
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VI. Chapter 6: Methods: CFAS II subsample cohort study  

6.01 Introduction  

The CPRD cohort study indicated the extent of potentially inappropriate prescribing in people 

with dementia in primary care and suggested the potential impact of medication reviews on 

optimising medicines in this population. This chapter reports the methods used to address Aim 1) 

describing the trends in prevalence of potentially inappropriate prescribing and Aim 3) to 

understand the impact of PIMs and polypharmacy on health and the potential impact of frailty in 

this relationship. This chapter outlines the study design and setting of the Cognitive Function and 

Ageing Study used for these analyses. The sample included in analyses, exposures, outcomes and 

covariates and the methods I used to operationalise frailty criteria in CFAS II are described. The 

statistical approaches used to estimate prevalence and survival analyses are presented. The 

findings from this CFAS II subsample cohort study have been peer-reviewed and published [269].  

 

6.02 Study design  

A prospective cohort study of people with cognitive impairment in England, using data collected 

as part of the second Cognitive Function and Ageing Study (CFAS II) (www.cfas.ac.uk). Cross 

sectional estimates of the prevalence of PIM prescription estimated using the CFAS II baseline 

interview (collected 2008-2011). Vital status of the CFAS II participants who met the eligibility 

criteria at baseline interview was then obtained until the point of censoring on 31st October 2016 

or until death.  

 

6.03 Setting  

The Cognitive Function and Ageing Studies is a longitudinal, multi-centre, population-based cohort 

study of ageing in the United Kingdom. The first MRC CFAS began in 1989 (CFAS I) in six centres 

across England and Wales, including Cambridgeshire, Gwynedd, Newcastle, Nottingham, Oxford 

and Liverpool [270]. The second study (CFAS II) conducted baseline interviews between 2008 and 

2011, replicating CFAS I interviews, with new cohorts of participants recruited from three of the 

original centres in England (Cambridgeshire, Nottingham and Newcastle) [2]. All surviving 

participants of CFAS II were re-interviewed at two years follow-up. (Figure 19) 
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Figure 19 Participant flow diagram of the CFAS II baseline and follow-up interviews. Non-participation from people who 
were eligible and approached (n=14,242) to take  part in CFAS II was 45% [271] 
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Participants were randomly sampled from primary care patient lists within the geographically 

defined regions in England. Using primary care registration provided a robust population sampling 

frame, which included individuals who were living in the community and those living in residential 

homes, and representative of both urban and rural populations. All participants were aged 65 

years and over and the sample was stratified by age group (under 75, 75 years and over) to allow 

sufficient numbers in the older age groups and oversampling allowed for losses due to death, 

ineligibility, GP, participant or care provider refusals.  

An introductory letter was sent by the GP to randomly selected eligible participants, followed by a 

visit for initial screening and baseline interview with a trained interviewer in the participants’ 

usual place of residence. The interview comprised an extensive collection of demographic, health 

and lifestyle questions. Including current and previous health conditions, current prescribed and 

over-the-counter medicines, physical activity, smoking and alcohol consumption history and 

current habits, and markers of physical frailty, measured using gait-speed and Sit-To-Stand tests. 

Cognition was assessed during interviews using Mini-Mental State Examination (MMSE) score 

[272], Cambridge Cognitive Examination (CAMCOG) [273] and a GMS-AGECAT algorithmic 

approach was applied for dementia diagnosis. The algorithmic approach allowed for stability in 

diagnoses over time that would not be subject to change in diagnostic practices. Participants were 

flagged on the UK Office of National Statistics National Health Service Central Register for 

notification of date of death.  

In circumstances when a participant was unable to answer questions, a proxy informant, where 

available would be interviewed to answer on the participant’s behalf and the interviewer 

recorded whether a proxy had been required to provide the response. A proxy informant could be 

someone who lived with the participant, visited regularly or had been in touch with the 

participant for a long time. This could include the participant’s formal or informal carer, family, 

friend or neighbour or, for care home residents, a member of staff. For a stratified sub-sample of 

participants with impaired cognition and random sub-sample of those without, participant proxy 

informants History and Aetiology Schedule (HAS) was requested, for 20% of the entire CFAS II 

sample [1]. Here informants were asked a series of questions that related to the participant’s 

previous history of physical and psychiatric symptoms [274].  

 

6.04 Population and sample  

The target population for CFAS II was adults aged 65 years and over in England. The study 

population was drawn from patients registered with a participating GP based around the three 
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study centre locations, Nottinghamshire, Cambridgeshire and Newcastle. The study sample for 

CFAS II was randomly selected and stratified by age group. There were n=17,237 people originally 

sampled from GP records, 14,242 were eligible and approached to take part, of which 54.7% were 

interviewed. This resulted in n=7,796 CFAS II participants. For the purposes of this study, an 

analysis sample was drawn from the CFAS II sample based on the following inclusion and 

exclusion criteria.  

 

6.05 Inclusion and exclusion criteria  

Participants were included if, at baseline CFAS II interview, they were cognitively impaired and 

had reliable data of their medication use. In this study, reliable data of medication use was 

defined when the MMSE score was at least 18 points or higher. Alternatively, if the MMSE score 

was less than 18 points and there was a proxy available who provided the information on 

medication use, information on medication use was deemed reliable. Cognitive impairment was 

defined as a baseline MMSE score of 24 points or less. An MMSE score can range from 0-30 with 

higher scores indicating better cognitive function. A score of 24 points or less indicates clinically 

significant levels of cognitive impairment [15].   

Participants were excluded if there was no recorded medication prescription information from 

the baseline CFAS II interview. In addition, participants with severe cognitive impairment (MMSE 

score of less than 18) who did not have a record of a proxy-informant reported medication use 

were excluded as this data was considered to lack reliability. A participant inclusion flow diagram 

exemplifying how the sample for this study was selected is provided (see Figure 20).  
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Figure 20 CFAS II analysis sample inclusion and exclusion participant flow diagram. 

Reasons for there being no medication data include participants declining to provide information on the 

medications they are prescribed, the interview may have been terminated before getting to the medication 

data section or that the participant was unable to provide this data.  
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6.06 Exposures 

The exposures of interest for this analysis were prescription of PIMs, polypharmacy and frailty. 

The data was ascertained from the baseline CFAS II interview (2008-2011), from a series of 

questions and objective tests in the interviews to both the participants and where available proxy 

informants.  

 

(a) Medication use  

The information on the current use of medications, including prescribed and over the counter 

medicines, was ascertained from the question: “Do you take any medicine, tablets or injections of 

any kind that either you buy yourself or that are prepared by your doctor?” The accuracy of this 

primarily self-reported medication use data collection was improved by the reported medicines 

being cross-checked with available medication packs by the CFAS II interviewer. This method is 

based on a process known as brown-bag medication review, where patients are encouraged to 

bring all of their medication packs for a clinical review [275]. In this circumstance, the brown-bag 

process was used to cross-check the participant reported medication use. If a participant was 

interviewed in a care home, staff cross-checked the reported medications with the participant 

medication lists. All medications were recorded as current medications by the interviewer, new 

medications compared to prevalent medications were not differentiated. All medications were 

coded using Read Codes [276].  

 

(b) Potentially inappropriate medications  

As identified in the scoping review, some key medication classes were specified to focus the 

analyses in this research. The identified PIMs were recognised across the scoping review as 

priority potentially inappropriate medications and were also highlighted by practitioners as key 

targets for further evidence to support deprescribing these medicines [246]. The PIMs were 

specifically associated with exacerbating dementia symptoms and adverse effects in people with 

dementia or were commonly prescribed in older populations with potential for adverse effects 

associated with prolonged use [243, 277]. The PIMs included in analyses in this study included 

medications from Section D of STOPP; Central Nervous System Criteria, including anticholinergics, 

antidepressants, antipsychotics and benzodiazepines [243]. Medications were defined using the 
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Anatomic Therapeutic Chemical (ATC) system and were identified from the CFAS data through 

corresponding Read Codes. The identified lists of medications were cross-checked by pharmacists 

to ensure key medications within each broad medication class were not missing. For analyses, 

medications were grouped into mutually exclusive categories due to cross-over between 

medication classes and medications with anticholinergic effects (Appendix Section 10.05).  

 

(c) Anticholinergic medication  

Medications with anticholinergic effects are often prescribed to treat or manage conditions or 

symptoms for which the medication is indicated, and the anticholinergic effect of a medication is 

overlooked. As identified from the scoping review, a number of anticholinergic medication scales 

have been developed to identify medications with anticholinergic effects, although there is no 

established consensus. One of the most frequently validated scales is the Anticholinergic 

Cognitive Burden Scale (ACB), which was used to classify anticholinergic medications in this study 

[254, 278]. The ACB has been predictive of a range of adverse effects, validated across a number 

of studies including quality of life, cognitive function, mortality, and activities of daily living, 

dementia and physical function [161]. The ACB classifies medications by known level of 

anticholinergic activity, as identified through a systematic review of medicines with 

anticholinergic activity and including medications where there is evidence of a relationship with 

detrimental effects on cognitive functioning. The identified medications were reviewed by a panel 

of experts from across disciplines and assessed each medication as having no anticholinergic 

properties, possible, or definite anticholinergic properties. According to the final ACB scale, 

medications were classified as having possible or definitive anticholinergic effects impacting on 

cognition (scores ranged from 1 to 3). Medications with definite anticholinergic properties are 

allocated an ACB score of 3. For the purpose of this study, medications for which there was 

certainty in regard to their anticholinergic effects, therefore those with an ACB score of 3, were 

included in this analysis (Appendix Section 10.05) [254]. Individual medications reported in CFAS II 

had been previously coded according to the ACB scale, and I applied these medication lists to 

operationalise anticholinergic medication use in my sub-sample of participants from CFAS II. 

 

(d) Antipsychotic medication  

Antipsychotic medications were defined using the ATC code N05A. Some antipsychotic 

medications also have anticholinergic effects and therefore medications were groups into 
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mutually exclusive categories of ‘anticholinergic antipsychotics’ and ‘other antipsychotics’ using 

the ACB scale. To create the mutually exclusive medication categories I used the ACB scale to 

distinguish and separate the antipsychotic medications with anticholinergic effects and 

antidepressants with anticholinergic effects (tricyclic antidepressants) from the remaining 

anticholinergic medications, then grouping the medications into the mutually exclusive 

medication groups used in this analysis (Appendix Section 10.05).  

 

(e) Antidepressant medication 

Antidepressant medications were defined as any medication with ATC code starting N06A and 

were subsequently classified from the CFAS II medication lists. Tricyclic antidepressant 

medications are particularly associated with a negative impact on cognition due to the high 

anticholinergic effects of these drugs and therefore the antidepressant medications were also 

grouped into two categories of ‘tricyclic antidepressants’, identified from the ACB scale due to the 

anticholinergic properties of tricyclic antidepressants, and ‘other antidepressants’.  

 

(f) Benzodiazepine medication  

Benzodiazepine medications were defined using the ATC code N05CD and N05CF, which included 

benzodiazepine derivatives and benzodiazepine related medications, which were classified from 

the coded medication lists from CFAS II.  

 

(g) Proton pump inhibitors  

Proton pump inhibitors (PPI) were defined using the ATC code A02BC. According to STOPP criteria, 

PPIs are potentially inappropriate when they have been prescribed for 8 weeks or more, however 

due to the cross-sectional nature of the CFAS II interviews I was unable to ascertain the duration 

of use. However, PPIs are often used chronically in older adults [242] and it is possible that many 

of the people reporting PPIs in CFAS were reporting prevalent medications, rather than those that 

were new or used temporarily.  
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(h) Polypharmacy  

The total number of medications that each CFAS II participant included in this sample was 

recorded during the interview, including both prescribed and over-the-counter medications. The 

total number of medications prescribed, excluding PIMs was categorised into three groups, zero 

to four medications, five to nine (polypharmacy) and ten or more (hyper-polypharmacy), as in 

previous studies [122, 198].  

 

(i) Continuation of medication use  

To assess the variation of the PIM exposure over time the proportion of participants who 

continued to be prescribed PIM was ascertained from a sub-sample of the participants who were 

assessed and provided medication data at the two-year follow-up interview.  

 

6.07 Outcome variable  

The outcome variable used in the analyses to address objectives of this study was survival. All 

CFAS II participants were flagged on the UK Office of National Statistics National Health Register 

for notification of date of death. This analysis included deaths up to 31 October 2016, providing 

up to eight years follow-up.  

 

6.08 Confounding variables  

Potentially confounding variables were coded from the CFAS II interviews and adjusted for in 

multivariable analyses. This included age and gender, the living situation, cognitive function, 

number of medications excluding PIMs and number of self-reported comorbidities. These 

potentially confounding variables were coded as follows:  

 

(a) Age and sex 

From the original primary care records used to sample participants, age and gender were known 

to the interviewer before the interview. At the start of the interview, the participants’ age and 

date of birth were confirmed.  
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(b) Living situation 

The CFAS interviews took place in the participants usual place of residence and the CFAS II 

interviewer rated the living situation of the participant as living in an ‘institution’ or not. 

Interviewers were provided with an outline for classifying institutions. Institutions included 

residential homes, nursing homes and long-stay hospitals, whereas day hospitals or sheltered 

accommodation were not considered institutions.  

 

(c) Cognitive function  

The baseline cognitive function was ascertained from the Mini-Mental State Examination (MMSE) 

score from the interview [272]. The MMSE is used widely as a test of cognition in older adults. The 

test is made up of a series of questions assessing attention, memory, language, visual-spatial and 

attention skills. Scores can range from 0 to 30 with higher scores indicating better cognition. 

 

(d) Comorbidities  

The CFAS II participants were asked a series of questions on whether they ‘had ever had or 

suffered from any of the following health conditions.’ This was asked of the following health 

conditions that were reported by the participants: angina, arthritis, asthma, cancer, chronic 

bronchitis, depression, diabetes, epilepsy, heart attack, high blood pressure, intermittent 

claudication, low blood pressure, Parkinson’s disease, peptic ulcers, pernicious anaemia, stroke. A 

cumulative count of the total number of self-reported comorbidities was created as a continuous 

variable for analyses. 

 

6.09 Frailty  

Frailty was classified based on the frailty ‘phenotype’ first described by Fried et al in 2001 [45]. 

Fried et al (2001) first developed and operationalised the phenotypic definition of frailty in a 

prospective cohort study of older adults from the Cardiovascular Health Study (CHS) in the United 

States. In the CHS study, standardised interviews took place at baseline (n=5,201) with annual 

follow-ups and examination of outcomes including hospitalisation, disability, falls and mortality. 

During the CHS interviews, a series of objective and self-report measures were used which were 

then subsequently operationalised into what became the frailty phenotype. Fried et al., proposed 
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that frailty was identifiable through the presence of three or more frailty components. These 

components were shrinking, weakness, poor endurance and energy, slowness and low physical 

activity. Due to variation in study designs and measurements, the phenotypic criteria cannot be 

operationalised exactly as in the original Cardiovascular Health Study [47] but as in other 

epidemiological studies of ageing [194, 195], I operationalised each component of the criteria 

using the data available from the CFAS II interview.  

A comparison of the operationalisation of the Fried frailty phenotype as originally proposed in the 

Cardiovascular Health Study compared with how I operationalised the phenotype using CFAS II is 

provided in Table 16. The frailty phenotype was proposed as a clinical syndrome associated with a 

number of signs and symptoms that had been associated with frailty, including loss of strength, 

muscle mass, reduced resting metabolic rate, reduced walking speed, reduced activity, reduced 

overall energy expenditure, long-term undernutrition, and weight loss. The measures used (Table 

16) were used to characterise the areas across the clinical syndrome of frailty (Figure 21).  
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Model based on cycle of frailty in Fried et al (2001), additional inclusion of operationalisation of frailty criteria from CFAS II questionnaires for this study.
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 Table 18 Operationalisation of frailty criteria from CFAS II interview data 

Frailty criteria  CFAS Questions  Operationalisation from CFAS II 

interview data  

Impaired on criteria  Incomplete data   

Slowness  Timed Gait Speed Test  Average time to complete two 

tests  

Participants in the slowest quartile  No consent, unsafe to complete or unable to 

complete were considered impaired on criteria  

Weakness  Timed Sit-To-Stand Test  Overall time take for five 

completed stands  

Participants in the slowest quartile  No consent, unsafe to complete or unable to 

complete were considered impaired on criteria 

Exhaustion  Do you get worn-out / 

exhausted towards the 

evening?  

No, mildly exhausted or severe 

exhaustion as options for 

response. Missing data, 

interview report was used  

Mild or severe exhaustion not explained by 

strenuous activity  

Or  

Mild or severe slow movement (interviewer 

reported)  

Interview rating of observed slow movement used 

instead  

Physical activity  Vigorous, moderate or 

mildly energetic activities  

Scored based on time spent 

doing each activity, higher 

scores indicates less activity  

Participants in the highest quartile (least active 

quartile)  

No to first question on overall activity time 

classified as impaired  

Weight loss  Weight loss  Loss of 4.5kg (10lbs) or more in 

the past six months or less  

Impaired if reported they had lost 4.5kg or more in 

the past six months  
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Figure 24 Unadjusted Kaplan-Meier survival curves estimating time until mortality in people with cognitive impairment taking 0-4, 5-9 and 10 or 

more medications. CFAS II (n=1,154). Hazards were assumed to be proportional (!" = 1.63	) = 0.443). 
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!"#$%&'() '*+,-+. /0&"&%'1$%2"2+-'3$%2&1'345,+%".#'1$%2"2+-'6"5&'".'$1&%1'345,+%&7'64'.4./$1&%1'48'9:01;'<!=>'::'?.@ABA)CD;''

Schoenfeld residuals were used to test the proportionality assumption in the univariate models. Tricyclics  ! " # $%&$'( # $%)*) , other anticholinergics ! " # +%,* '( # $%,)- ,  other 

antidepressants ! " # $%.- '( # $%./) 0'benzodiazepine ! " # $%$* '( # $%--, , PPI ! " # &%.* '( # $%$1, , antipsychotic ! " # +%+1'( # $%,*, %'
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(b) Multivariate analyses  

Estimates from the Cox regression models, adjusted for age, sex, baseline cognitive impairment, 

living situation and comorbidities saw an increase in the hazard associated with antipsychotic 

medication use to 3.24 (95% CI 1.83-5.73) (see Table 23). With the exception of antipsychotic 

medications, PIM were not associated with increased risk of mortality in this sample of cognitively 

impaired older adults.  

The other covariates included in the model were also significantly associated with mortality in this 

sample (see Table 23). In this sample of cognitively impaired adults, being male, older and having 

worse cognitive impairment and more comorbid health conditions was independently associated 

with an increased risk of mortality, after adjusting for potential confounders.  
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!"#$%&'( &)*"+,-./%+&"*+&"+,-./%+&01/%*/2"$$3&2*"0041042"/%&5%+26"/21*&-.%&7"8"4+&4"/21.&914&

.-4:2:"$;&-*2:"42"/%&"*+&5-$/2:"42"/%&51+%$.<&=1>*2/2:%&?-*6/21*&"*+&@>%2*>&A/-+3&B=?@AC&DD&

*EF;FGH<&

Variables  Univariate Multivariate Frailty modela 

PIM    

Antipsychotics (n=21) 2.19* (1.26 – 3.81) 3.24* (1.83 - 5.73) 3.28* (1.85 - 5.80) 

Tricyclic Antidepressants 

(n=76) 

1.01 (0.70 - 1.47) 1.11 (0.76 - 1.63) 1.06 (0.72 - 1.55) 

Anticholinergics (n=78) 1.29 (0.92 - 1.80) 1.18 (0.83 - 1.67) 1.17 (0.83 - 1.66) 

Other Antidepressants 

(n=119)  

1.21 (0.91 - 1.61) 0.94 (0.70 - 1.28) 0.90 (0.66 - 1.22) 

Benzodiazepines (n=46)  1.08 (0.67 - 1.72) 0.75 (0.47 - 1.21) 0.72 (0.45 - 1.16) 

Proton Pump Inhibitor 

(331)  

1.16 (0.95 - 1.42) 1.08 (0.88 - 1.33) 1.05 (0.86 - 1.30) 

Polypharmacy     

0-4 (n=551)  1 1 1 

5-9 (n=493)  1.39* (1.14 - 1.70) 1.21 (0.97 - 1.50) 1.17 (0.95 - 1.45) 

10+ (n=110)  1.95* (1.45 - 2.61) 1.72* (1.24 - 2.38) 1.60* (1.16 - 2.22) 

Covariates     

Age at interview (per year)  1.10* (1.09 - 1.12) 1.10* (1.09 - 1.12) 1.10* (1.08 - 1.12) 

Gender (female)  0.76* (0.63 - 0.91) 0.62* (0.51 - 0.75) 0.57* (0.46 - 0.69) 

MMSE score (per point)  0.88* (0.85 - 0.90) 0.91* (0.88 - 0.94) 0.91* (0.89 - 0.94) 

Care Home Residence 2.36* (1.63 - 3.42) 1.23 (0.83 - 1.84) 1.20 (0.81 - 1.80) 

Comorbidities  1.06* (1.00 - 1.13) 1.08* (1.01 - 1.15) 1.05 (0.98 - 1.13) 

Frailty     

Pre-frail 2.22* (1.59 - 3.09)  1.56* (1.11 - 2.20) 

Frail 2.92* (2.09 - 4.07)  1.90* (1.32 - 2.72) 

MMSE: Mini-Mental State Examination score (0-30 with higher scores indicating better cognition). 

aMultivariate model adjusted for frailty*p<0.05 HR(95% CI) 

Proportional hazards assumption assessed using Schoenfeld residuals, overall both models did not violate 

proportional hazards assumption and hazards were estimated as not violating assumption for significant 

exposures (antipsychotics and hyperpolypharmacy). Multivariate model (! " # $%&'' () # * &%'%+, 

antipsychotics test (! " # * &*, () # * &'$- +, hyperpolypharmacy (! " # * &*$ () # * &-.' +. Frailty model 

(! " # $. &-$ () # * &%/0+, antipsychotics ((! " # * &*- () # * &1.* +, hyper-polypharmacy (! " # * &*$ () #
* &-11 +. 
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7.07 Estimating the association of potentially inappropriate prescribing, survival 
and frailty  

People who were frail were exposed to a greater number of medications and PIMs. In this sample, 

a greater proportion of people who were frail were taking polypharmacy (n=208 49.0% 95% CI 

44.1-53.9) and hyperpolypharmacy (n=64 14.8% 95% CI 11.6-18.6) compared to people who were 

pre-frail and not frail (see Table 20). In addition they were more exposed to all PIMs. There were 

only marginally more people who were frail (n=23, 5.5%) who were living in a care home 

compared to those who were pre-frail (n=22, 4.2%), however there was a greater proportion of 

people who were pre-frail and frail living in a care home, compared to not frail people (n=2, 1%).   

 

(a) Proportion of PIM and polypharmacy by frailty status  

At baseline 36.4% of the sample were classified as frail (n=420), while 45.9% were pre-frail 

(n=530) (Table 19). Use of multiple medications was associated with increasing levels of frailty. 

People who were not frail were taking a mean of 3.2 (SD 2.7) medications, people who were in 

the pre-frailty state were taking a mean of 4.8 (SD 3.3) medications and frail adults were taking 

6.0 (SD 3.3) medications. The proportion of people with cognitive impairment who reported PIM 

use was greatest amongst those who were identified as frail (see Figure 26). PPI use was twice as 

common in people who were identified as frail (35.2%) compared to not frail (16.7%). The use of 

antidepressants (not including tricyclic antidepressants) was twice as great among people who 

were considered frail (16.7%) compared to pre-frail (6.6%) or not frail (6.7%). Similarly, the 

reported use of benzodiazepines, tricyclic antidepressants and other anticholinergics was twice as 

high in people who were pre-frail and frail compared with people who were not frail.  

 

(b) Association of frailty with mortality  

At the point of censoring, around half of those who were frail at baseline (51.9% n=218), 42.6% 

(n=226) pre-frail and 22.1% (n=45) of non-frail participants had died. In the univariate analyses, 

mortality was greater in those classified as pre-frail (HR 2.22 95% CI 1.59-3.09) and frail (HR 2.92 

95% CI 2.09-4.07) (see Table 23) compared to those not considered frail. The proportional hazards 

assumption was not violated (! " # %&0, () # * &$1- +. After adjusting for PIM use, polypharmacy 

and other covariates, people who were considered pre-frail and frail remained independently 
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associated with a significantly increased risk of mortality compared to non-frail people (HR 1.56 

95% CI 1.11 – 1.20 and HR 1.90 95% CI 1.32-2.72 respectively).   
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Figure 26 proportion of reported PIM use in people with cognitive impairment, stratified by frailty 
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(c) Frailty as a moderator of the effect of PIM and polypharmacy 

Cox regression models were estimated adjusting for PIM, polypharmacy, age, sex, baseline 

cognitive impairment, and comorbidities and were stratified by frailty status (see Table 24 and 

Figure 27). Stratified analyses suggested that polypharmacy (5-9 medications) was associated with 

an increased risk of mortality across frailty status however the risk was greatest among people 

who were considered not frail (HR 2.34 95% CI 1.16-4.70). Similarly, the risk associated with 10 or 

more medications was greatest among people who were not frail. However, this was not 

statistically significant (HR 4.22 95% CI 0.90-19.90). For people who were identified as frail, use of 

10 or more medications was associated with an 80% increased risk of mortality compared with 

frail older adults with cognitive impairment taking 0-4 medications (HR 1.80 95% CI 1.15-2.82). 

Terms representing the interaction of frailty with polypharmacy were added into the model and 

there was no significant interaction of frailty with polypharmacy. 
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Figure 27 Unadjusted Kaplan-Meir survival curve of polypharmacy, stratified by frailty status.  

Hazard ratio associated with polypharmacy and hyper-polypharmacy compared to survival in people taking 0-4 medications; Adjusted hazard ratios, not frail participants: 5-9 medications 
HR 2.34 95% CI 1.16-4.70 n=56, 10+ medications HR 4.22 95% CI 0.90-19.90 n=5; pre-frail 5-9 medications HR 1.07 95% CI 0.78-1.45 n=229, 10+  medications HR 1.31 95% CI 0.75-2.29 

n=41; frail 5-9 medications HR 1.17 95% 0.84-1.64 n=208, 10+ medications HR 1.80 95% CI 1.15-2.82 n=64. 
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The hazard ratio associated with each PIM was consistent across all levels of frailty in adjusted 

models. In antipsychotic users compared to non-users, the hazard in non-frail participants was 

3.60 (95% CI 0.40-31.99), 2.89 (95%CI 1.26-6.66) in pre-frail participants and 3.34 (95% CI 1.37-

8.12) in frail participants (see Figure 28 and Table 24).  However, the number of deaths in across 

the frailty groups was very small, particularly among people who were not frail, making it difficult 

to draw strong conclusions. 
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Figure 28 Unadjusted Kaplan-Meier survival curve of antipsychotic medication users compared to non-users, stratified by frailty. 

Antipsychotic use in not frail n= 4, pre-frail n=7 and frail n=10. Adjusted HR non-frail participants 3.60 (95% CI 0.40-31.99), 2.89 (95%CI 1.26-6.66) in pre-frail participants and 3.34 (95% CI 1.37-8.12) in frail participants. 
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(d) Frailty and exposure interaction  

Terms representing the interaction between frailty statuses with each of the medication 

exposures were entered into the model (see Table 24). Likelihood ratio test of the interaction for 

frailty and benzodiazepine use was statistically significant, however there were very few deaths in 

the not frail group (n=1) (!" 6.05 p=0.049). There were no other statistically significant 

interactions for the PIM exposures and polypharmacy. Frailty did not moderate the effect of the 

remaining PIM exposure or polypharmacy on the risk of mortality in cognitively impaired older 

adults. 



 

193 

 

Table 24 Hazard ratios estimated by Cox regression models for association between potentially 

inappropriate medication use and mortality, stratified by frailty. Cognitive Function and Ageing 

Studies II (CFAS II) 

 Cox regression analysis stratified by frailty classificationa P-value for 
interaction  

 
Variables  Not frail 

n=204 

Pre-frail  

n=530 

Frail 

n=420 

PIM      

Antipsychotic  3.60 (0.40 - 31.99) 2.89* (1.26 - 6.66) 3.34* (1.37 - 8.12) 0.995 

Tricyclic Antidepressant  0 1.84 (0.98 - 3.44) 0.90 (0.55 - 1.48) 0.060 

Anticholinergics  1.29 (0.16 - 10.61) 1.05 (0.61 - 1.79) 1.23 (0.76 - 2.01) 0.854 

Other Antidepressants 0.86 (0.23 - 3.20) 1.12(0.67 - 1.89) 0.74(0.49 - 1.12) 0.230 

Benzodiazepines 0.92 (0.11 - 7.78) 1.40 (0.66 - 2.97) 0.43* (0.21 - 0.86) 0.049* 

Proton Pump Inhibitor  1.05 (0.43 - 2.59) 1.04 (0.76 - 1.42) 1.09 (0.80 - 1.49) 0.808 

     

Polypharmacy      

0-4 1 1 1 0.102 

5-9 2.34* (1.16 - 4.70) 1.07 (0.78 - 1.45) 1.17 (0.84 - 1.64)  

10+ 4.22 (0.90 - 19.90) 1.31 (0.75 - 2.29) 1.80* (1.15 - 2.82)  

Covariates      

Age at interview 1.13* (1.07 - 1.19) 1.11* (1.09 - 1.13) 1.08* (1.06 - 1.11)  

Gender (female)  0.71 (0.35 - 1.43) 0.67* (0.50 - 0.89) 0.43* (0.31 - 0.58)  

MMSE score (per point) 0.87* (0.77 - 0.98) 0.92* (0.88 - 0.96) 0.91* (0.87 - 0.96)  

Care Home Residence 0 0.92 (0.50 - 1.71) 1.68 (0.98 - 2.88)  

Comorbidities  1.16 (0.90 - 1.50) 1.03 (0.93 - 1.14) 1.02 (0.92 - 1.12)  

MMSE: Mini-Mental State Examination score (0-30 with higher scores indicating better cognition). 
aClassified as positive on individual frailty components if score, rating or time within the upper quartile. 
Classified as frail if positive on 3-5 individual frailty components and pre-frail if 1-2 components.  
bLikelihood ratio test comparing exposure*frailty interaction models with multivariate frailty model with 
pre-frail group as baseline.   

*p<0.05 HR (95% CI) 

Proportional hazards test: not frail (#" = 5.12	* = 0.972), pre-frail (#" = 23.72	* = 0.034), and frail 
(#" = 11.3	* = 0.586). Test suggests hazards were not proportional over time in the model with pre-
frail participants, proportionality was assumed however hazard may be varied across the time period.   
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7.08 Proportional hazards assumption  

The proportional hazards assumption, assessed using Schoenfeld residuals was not violated in the 

model estimating the effect of PIM and polypharmacy exposure on mortality, adjusting for 

potentially confounding variables and frailty (#" = 16.91	45 = 15, * = 0.324). The proportional 

hazards assumption was tested across analyses for each covariate the results are included in the 

relevant tables in-line with the analyses that were conducted.  

 

7.09 Predictive validity of frailty phenotype criteria  

The proportion of the sample who were impaired on each frailty criteria is described in Table 25. 

Close to 70% (n=802) of the sample were impaired on the weakness criteria (Sit-To-Stand test), 

60% (n=702) were impaired on the slowness criteria from the gait-speed test, 29% (n=334) were 

impaired on the self-reported exhaustion criteria and 27% (n=313) were impaired on the physical 

activity criteria.  

 

Table 25 proportion of the sample impaired on each frailty criteria, stratified by frailty 

Frailty criteria   

(count, %) 

Frailty phenotype  

Not frail 

n = 204 

Pre-frail 

n = 530 

Frail 

n = 420 

Low physical activity 313 (27.1) - 58 (10.9) 255 (60.7) 

Weight Loss 122 (10.6) - 29 (5.5) 93 (22.1) 

Weaknessa  802 (69.5) - 388 (73.2) 414 (98.6) 

Slownessb 702 (60.8) - 313 (59.1) 389 (92.6) 

Exhaustion  334 (28.9) - 74 (14.0) 260 (61.9) 

     

MMSE: Mini-Mental State Examination score (0-30 higher scores indicate better 

cognition).   
aMissing n=603: categorised as impaired, missing due to inability to complete the test   
bMissing n=244: categorised as impaired, missing due to inability to complete the test 
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Three of the five frailty criteria were univariately associated with an increased risk of mortality. 

Low physical activity, weakness and slowness were each independently associated with mortality 

risk in unadjusted Cox regression estimates. The greatest unadjusted risk was associated with 

weakness (HR 2.23 95% CI 1.77-2.83), followed by slowness (HR 1.99 95% CI 1.62-2.45) and low 

physical activity (HR 1.41 95% CI 1.15-1.71). The independent effect is illustrated in the Kaplan-

Meier survival curves in Figure 29. Both exhaustion and weight loss were associated with an 

increased hazard but this was not statistically significant (see Table 26). After adjustment for PIM 

use, polypharmacy and the other potentially confounding variables, slowness was the only frailty 

criteria with an independent and significant association with mortality. Being impaired on the 

slowness frailty criteria was associated with a 42% increased risk of mortality (HR 1.42 95% CI 

1.12-1.81).  Including the individual frailty components rather than the composite frailty 

categories did not affect the overall estimates associated with PIMs or polypharmacy previously 

estimated.  
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Figure 29 Unadjusted Kaplan-Meier survival curves estimating survival associated with individual frailty component, unadjusted estimates.  

Cognitive Function and Ageing Study II (CFAS II) n=1,154. 0 = unimpaired on frailty criteria, 1 = impaired on frailty criteria. Adjusted hazard ratios for each criteria: physical activity HR 1.22 95% CI 0.98 - 1.51, weight loss HR 1.19 95% CI 
0.89 - 1.60, weakness HR 1.13 95% CI 0.86 - 1.49, slowness HR 1.42 95% CI 1.12 - 1.81, exhaustion HR 0.98 95% CI 0.79 - 1.22.  Proportional hazards assumption test: Low physical activity (χ" = 0.62	p = 0.430), weight loss (χ" =
1.27	p = 0.261), weakness (χ" = 3.09	p = 0.079), slowness (χ" = 6.02	p = 0.01), exhaustion (χ" = 1.45	p = 0.229). The test suggests that the hazard for the slowness frailty component was not proportional, visual inspection of 
Kaplan-Meier curves appears to show a small variation in the hazards over time, therefore hazard is assumed to be proportional for the purpose of this analysis.
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Table 26 Risk of mortality associated with the use of PIM and individual frailty components in 

univariate and multivariate models. Cognitive Function and Ageing Studies (CFAS II) n=1,154. 

 Univariate  

HR (95% CI) 

Multivariate
a
  

HR (95% CI) VARIABLES 

   

Antipsychotic  2.19* (1.26 – 3.81) 3.30* (1.86 - 5.86) 

Tricyclic antidepressant  1.01 (0.70 - 1.47) 1.04 (0.71 - 1.53) 

Anticholinergic 1.29 (0.92 - 1.80) 1.17 (0.83 - 1.66) 

Other Antidepressants 1.21 (0.91 - 1.61) 0.88 (0.65 - 1.20) 

Benzodiazepines 1.08 (0.67 - 1.72) 0.73 (0.46 - 1.18) 

PPI 1.16 (0.95 - 1.42) 1.05 (0.85 - 1.29) 

!"#$%&'()'*$+ +   

0-4 1 1 

5-9 1.39* (1.14 - 1.70) 1.17 (0.95 - 1.46) 

10+ 1.95* (1.45 - 2.61) 1.65* (1.19 - 2.29) 

,('-#.$+*")%"/0/.1+ +   

Low Physical Activity   1.41* (1.15–1.71) 1.22 (0.98 - 1.51) 

Weight loss 1.25 (0.94–1.66) 1.19 (0.89 - 1.60) 

Weakness 2.23* (1.77–2.83) 1.13 (0.86 - 1.49) 

Slowness 1.99* (1.62-2.45) 1.42* (1.12 - 1.81) 

Exhaustion  1.10 (0.90–1.35) 0.98 (0.79 - 1.22) 

a
Adjusted for age, sex, MMSE, care home residence and comorbidities (heart attack, diabetes 

mellitus, bronchitis, stroke, arthritis, asthma, angina pectoris, hypertension, epilepsy, thyroid 

problems, Parkinson’s disease, pernicious anaemia, and depression). 

*p<0.05 



 

198 

 

!"#$! %&'()'*+()&',&-,./0)1+()&',*2/, ,

There were 561 (48.6%) people included in this sample who had two year follow-up data that 

could be used to understand the continuation of medications they reported taking at baseline. 

The majority of people who reported taking PIMs at baseline, also reported taking the same 

medications two years later. PPIs were the PIM with the largest proportion of people who 

reported taking the medication at baseline and at two year follow-up with 85% (n=136/160) 

reporting long-term use. At least 60% of the people who reported taking any of the PIMs at 

baseline also reported the same PIMs at follow-up. There were 29 people (69%, n=29/42) who 

reported other anticholinergic medications at both baseline and follow-up. There were 5 people 

who were taking antipsychotics at follow-up in the sample and three of these were prevalent 

users who also reported antipsychotic use at baseline interview. In addition, around 76% of 

people reported tricyclic antidepressants and other antidepressant medications at both baseline 

and follow-up (n=31/40 tricyclics, n= 43/56 other antidepressants).  
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There was little difference in mortality estimates associated with polypharmacy and 

hyperpolypharmacy in the sub-sample analysis of participants who had responses to HAS 

informant questionnaires (n=214) (Table 27). Polypharmacy and hyper-polypharmacy were both 

associated with similar hazard estimates as in the overall sample, however the effects were not 

statistically significant. Hyper-polypharmacy was associated with a hazard ratio of 1.60 (95% CI 

1.16 - 2.22) in the overall sample and a hazard of 1.50 (95% CI 0.72 - 3.12) in the sub-sample. In 

this sub-sample, antipsychotic medications remained associated with a significant increase in 

mortality (adjusted HR 4.10 95% CI 1.42 - 11.89). This subsample analysis included adjustments 

for behavioural and psychological symptoms of dementia including irritability, hallucinations, 

wandering and sleep problems.  

In this analysis, other anticholinergic medications were also associated with increased risk of 

mortality (HR 1.99 95% CI 1.07 - 3.73). This may be attributable to the adjustment for behavioural 

and psychological symptoms of dementia, consequences of medication use or to differences in 

the sample and sub-sample. A larger proportion of the sub-sample were male than the whole 

sample (52% female sub-sample 62% female in the sample) a larger proportion had a dementia 

diagnosis at baseline (47.7% dementia) and a larger proportion of the sub-sample had died by the 

end of the follow-up period (57.5% died compared with 42% in the sample).  
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! ! !
1&-+>6O'.:-+'!! NH"FY!D$HFJ!Q!JHF#G! NHRNY!D$HFM!Q!SH""G!
E8+'O'(+'!5&-+*/>8/665&-!! $H#S!D#HI"!Q!$HJJG! $H#N!D#HSF!Q!$HJSG!
1&-+'.:(+&/8,+'!! $H$I!D#HFN!Q!$HSSG! $H$I!D#HF#!Q!$HI$G!
3-./8!1&-+*/>8/665&-6! #HM#!D#HSS!Q!$H""G! #HFS!D#HS$!Q!$H"#G!
Z/&A:*+5A/>+&/6!! #HI"!D#HRJ!Q!$H$SG! #HI#!D#HR$!Q!$H$FG!
CC%! $H#J!D#HFS!Q!$HN#G! $H$#!D#HFF!Q!$HNIG!
Polypharmacy  ! !
JQM! $H$I!D#HMJ!Q!$HRJG! $H"SY!D$H##!Q!$HJMG!
$#[ ! $HS#Y!D$H$S!Q!"H""G! $HRSY!D$H#$!Q!"H$#G!
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C8/Q;85+(! $HJSY!D$H$$!Q!"H"#G! $HSMY!D$H$S!Q!"HRJG!
]85+(! $HM#Y!D$HN"!Q!"HI"G! "H#NY!D$HNI!Q!NH#$G!
Cognitive impairment measure  ! !
22?@!5-!B$! #HM$Y!D#HFM!Q!#HMRG! !
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Polypharmacy  ! !
#QR! ! !
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$#[!! $HS#Y!D$H$S!Q!"H""G! $HJMY!D$H$N!Q!"H""G!
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PIM ! !
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E8+'O'(+'!5&-+*/>8/665&-!! $H#S!D#HI"!Q!$HJJG! $H#R!D#HI$!Q!$HJNG!
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Z/&A:*+5A/>+&/6! #HI"!D#HRJ!Q!$H$SG! #HI"!D#HRJ!Q!$H$SG!
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Polypharmacy  ! !
JQM! $H$I!D#HMJ!Q!$HRJG! $H$I!D#HMR!Q!$HRJG!
$#[ ! $HS#Y!D$H$S!Q!"H""G! $HJMY!D$H$R!Q!"H"#G!
Covariates ! !
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>:(O>.5875'O!5&*!C%26!57:&,!>/:>(/!B+-.!*/7/&-+5H!E./!:>-+7+65-+:&!:;!7/*+'5-+:&6!B56!

8/':,&+6/*!56!5!>8+:8+-O!5'8:66!&)7/8:)6!6-)*+/6!+&'()*/*!+&!-./!8/=+/BL!6>/'+;+'5((O!57:&,6-!

=)(&/85<(/!:(*/8!5*)(-6!5&*!-.:6/!B+-.!':,&+-+=/!+7>5+87/&-L!B.:!75O!</!5-!+&'8/56/*!8+69!:;!

5*=/86/!/;;/'-6!566:'+5-/*!B+-.!>:(O>.5875'O!5&*!C%26H!E./!6':>+&,!8/=+/B!B56!)6/*!-:!+&;:87!

-./!*/=/(:>7/&-!:;!-./!5+76!5&*!:<U/'-+=/6!:;!7O!0]1?!%%!5&*!0C\K!5&5(O6/6H!!!

!1#! G034123+63-/.-7/297B105169-1+%-GAH--

C8/=5(/&'/!/6-+75-/6!;8:7!0]1?!%%!5&*!0C\K!B/8/!':&6+6-/&-!;:8!-8+'O'(+'!5&-+*/>8/665&-6!5&*!

CC%6L!B+-.!CC%6!':&6+6-/&-(O!/6-+75-/*!56!-./!7:6-!>8/=5(/&-!C%2!D6//!E5<(/!N$GH!1&-+>6O'.:-+'6!



!

"#I !

!

B/8/!7:8/!>8/=5(/&-!+&!0C\K!':.:8-!:;!>/:>(/!*+5,&:6/*!B+-.!*/7/&-+5L!':7>58/*!-:!-./!(/66!

':,&+-+=/(O!+7>5+8/*!0]1?!%%!657>(/H!]+&*+&,6!;8:7!0C\K!/6-+75-/*!-.5-!>/:>(/!B+-.!*+5,&:6/*!

*/7/&-+5!B/8/!>8/6'8+</*!IHI!7/*+'5-+:&6!:&!5=/85,/L!5&*!JHJ!7/5&!7/*+'5-+:&6!+&!-./!(/66!

':,&+-+=/(O!+7>5+8/*!0]1?!%%!6)<657>(/H!!

C8/6'8+<+&,!=58+/*!5'8:66!6/=/8+-O!:;!;85+(-O!5&*!5'8:66!'58/!6/--+&,6H!]+&*+&,6!;8:7!0]1?!%%!

/6-+75-/*!-.5-!C%2!>8/=5(/&'/!B56!,8/5-/8!+&!;85+(L!':,&+-+=/(O!+7>5+8/*!:(*/8!5*)(-6!':7>58/*!-:!

>/:>(/!B.:!B/8/!(/66!;85+(!:8!&:-!;85+(H!%&!-./!0]1?!%%!5&*!0C\K!':.:8-L!-./!>8/=5(/&'/!:;!C%2!B56!

':&6+6-/&-(O!.+,./8!57:&,!>5-+/&-6!B+-.!*/7/&-+5!B.:!B/8/!(+=+&,!+&!5!'58/!.:7/L!':7>58/*!-:!

-./+8!:B&!.:7/H! !

!

!"#$%&KB&)*18","3/5%&,%8*,3%2&"02&8,%.7,/#%2&N?O&"02&1%"0&041#%,&*6&8,%.7,/#%2&1%2/7"3/*0.&/0&):;<&??&.4#."18$%&
"02&)NPQ&7*H*,3&

C%2! 0]1?!%%!6)<657>(/!
&X!$L$JR!

0C\K!0:.:8- !
&X""LRRF!

1&-+>6O'.:-+'6! " H$!D$HNQNH"G! FHJ!DFHRQFHIG!

1&-+'.:(+&/8,+'6! SHF!DJHRQFHNG! $SHI!D$SHJQ$SHMG!

E8+'O'(+'!
5&-+*/>8/665&-6!

SHF!DJHRQFHRG! IHJ!DIHRQIHSG!

CC%6! "FHS!D"SH#QN$HNG! N$HJ!DN$H"QN$HIG!

2/5& !&)7</8!:;!
>8/6'8+</*!
7/*+'5-+:&6!

JHJ!DNHSG! IHI!DRH"G!

2/5&!DMJP!0%Ge!2/5&!D?KG!
Z/&A:*+5A/>+&/6!D0]1?!%%G!RH"!DNH$QJHSG!
0]1?!%%!5&5(O6+6!:;!5&-+'.:(+&/8,+'6!/V'()*+&,!-8+'O'(+'!5&-+*/>8/665&-6!!
0]1?!%%!6)<657>(/e!':,&+-+=/(O!+7>5+8/*!>58-+'+>5&-6!
0C\Ke!>5-+/&-6!B+-.!*/7/&-+5!*+5,&:6+6!

!!

! !



!

"#F!

!

!"#! 816)/0(-1((/6*1)3%-I*)B-7/297B105169-1+%-GAH(--

(i) Medication review and dementia annual review  

E./!6':>+&,!8/=+/B!:;!8/=+/B6!+&*+'5-/*!-.5-!;)8-./8!8/6/58'.!B56!8/b)+8/*!-:!/=5()5-/ !-./!/;;/'-!

:;!+&-/8=/&-+:&6!-:!7+&+7+6/!C%2!)6/L!>58-+')(58(O!:)-6+*/!:;!'(+&+'5(!-8+5(!6/--+&,6!-:!/=5()5-/!-./!

/;;/'-!:;!+&-/8=/&-+:&6!+&!>85'-+'/!f$N$L!$NNL!$SML!$I"L!$ISL!$F"L!"FMgH!2O!0C\K!':.:8-!5&5(O6+6!

6),,/6-/*! -.5-!B./&!5!7/*+'5-+:&!8/=+/B!-59/6!>(5'/!+&!>8+758O!'58/L!7:6-!:;!-./!C%26!5&5(O6/*!

B/8/!7:8/!(+9/(O!-:!</!6-:>>/*!+&!>5-+/&-6!B+-.!*/7/&-+5!B.:!B/8/!>8/6'8+</*!-./7H!d+-.!-./!

/V'/>-+:&!:;!5&-+>6O'.:-+'6L!B./8/!-./8/!B56!&:!*+;;/8/&'/!566:'+5-/*!B+-.!5!7/*+'5-+:&!8/=+/B!

:8!&:-H!0:7>585-+=/(OL!5!7/*+'5-+:&!8/=+/B!B56!5(6:!566:'+5-/*!B+-.!+&'8/56/*!>8/6'8+<+&,!:;!

5&-+'.:(+&/8,+'6L!5&-+>6O'.:-+'6!5&*!-8+'O'(+'!5&-+*/>8/665&-6!+&!>5-+/&-6!B.:!B/8/!&:-!')88/&-(O!

>8/6'8+</*!-./6/!C%2H!2O!5&5(O6+6!5(6:!6),,/6-/*!-.5-!5!8/':8*!:;!5!*/7/&-+5!5&&)5(!8/=+/B!B56!

566:'+5-/*!B+-.!(/66!6-:>>+&,!5&*!5(6:!(/66!6-58-+&,!:;!5((!C%2!-.5-!B/8/!5&5(O6/*H!

%&!-./!0C\K!':.:8-!C%2!>8/6'8+>-+:&6!B/8/!.+,./8!+&!'58/!.:7/6!5&*!(+=+&,!+&!5!'58/!.:7/!B56!

566:'+5-/*!B+-.!,8/5-/8!(+9/(+.::*!:;!6-58-+&,!5!C%2H!T:B/=/8L!B./&!5!7/*+'5-+:&!8/=+/B!-::9!

>(5'/!;:8!5!>5-+/&-!B.:!B56!(+=+&,!+&!5!'58/!.:7/L!-./!8/=+/B!B56!566:'+5-/*!B+-.!7:8/!6-:>>+&,!

:;!C%2H!!

!

(ii) Patient factors associated with polypharmacy and PIM  

2O!6':>+&,!8/=+/B!5(6:!6),,/6-/*!-.5-!;)8-./8!8/6/58'.!B56!&//*/*!-:!=/8+;O!8+69!;5'-:86! ;:8!C%2!

)6/! f$S#L!"M#gH!E./!;+&*+&,6!;8:7!-./!0C\K!':.:8- !6),,/6-/*!-.5-!-./8/!B/8/!5!&)7</8!:;!> 5-+/&-!

'.585'-/8+6-+'6!566:'+5-/*!B+-.!<:-.!6-58-+&,!5&*!6-:>>+&,!C%26H!1(-.:),.L!,+=/&!-.5-!-./8/!B/8/!

7)(-+>(/!.O>:-./6/6!-/6-/*L!-./8/!8/75+&6!5!>:66+<+(+-O!-.5-!-./8/!58/!6:7/!;5(6/!>:6+-+=/!8/6)(-6H!

Z/+&,!:(*/8!B56!566:'+5-/*!B+-.!(/66!&/B!>8/6'8+>-+:&6!:;!5&-+>6O'.:-+'6L!5&-+'.:(+&/8,+'6!5&*!

(:&, Q-/87!CC%6H!T:B/=/8L!+&!>5-+/&-6!B+-.!*/7/&-+5!B.:!B/8/!5(8/5*O!>8/6'8+</*!5&-+>6O'.:-+'6!

5&*!(:&,Q-/87!CC%L!</+&,!:(*/8!B56!5(6:!566:'+5-/*!B+-.!(/66!6-:>>+&,!:;! -./6/!C%26H!]/75(/!

>5-+/&-6!B+-.!*/7/&-+5!B/8/!(/66!(+9/(O!-:!6-:>!(:&,Q-/87!CC%6L!-8+'O'(+'!5&-+*/>8/665&-6!5&*!

5&-+>6O'.:-+'!7/*+'5-+:&6!-.5&!75(/!>5-+/&-6!B+-.!*/7/&-+5H!2)(-+7:8<+*+-O!B56!5(6:!566:'+5-/*!

B+-.!+&'8/56/*!&/B!>8/6'8+<+&,!:;!(:&,Q-/87!CC%!5&*!-8+'O'(+'!5&-+*/>8/665&-6H!%&!5**+-+:&L!

7) (-+7:8<+*+-O!B56!566:'+5-/*!B+-.!7:8/!6-:>>+&,!:;!(:&,Q-/87!CC%!5&*!5&-+>6O'.:-+'!



!

"#M!

!

7/*+'5-+:&6H!Z/+&,!>8/6'8+</*!J!:8!7:8/!7/*+'5-+:&6!B56!':&6+6-/&-(O!566:'+5-/*!B+-.!8/*)'/*!

6-:>>+&,!5&*!,8/5-/8!(+9/(+.::*!:;!6-58-+&,!C%2!+&!>5-+/&-6!B+-.!5!*/7/&-+5!*+5,&:6+6H!!

!

!6#! J+%30()1+%*+,-)B3-*5716)-/.-GAH-/+-B312)B--

E./!0]1?!%%!5&5(O6+6!6),,/6-/*!-.5-!-./!)6/!:;!J!:8!7:8/!7/*+'5-+:&6!B56!566:'+5-/*!B+-.!5&!

+&'8/56/*!8+69!:;!7:8-5(+-O!+&!':,&+-+=/(O!+7>5+8/*!:(*/8!5*)(-6H!C:(O>.5875'O!5&*!

.O>/8>:(O>.5875'O!8/75+&/*!566:'+5-/*!B+-.!7:8-5(+-O!8+69!5;-/8!5*U)6-7/&-!;:8!':=58+5-/6H!

TO>/8>:(O>.5875'O!B56!566:'+5-/*!B+-.!-./!,8/5-/6-!8+69!:;!7:8-5(+-O!+&!':,&+-+=/(O!+7>5+8/*!

:(*/8!5*)(-6H!d+-.!-./!/V'/>-+:&!:;!5&-+>6O'.:-+'!7/*+'5-+:&6L!C%26!B/8/!&:-!566:'+5-/*!B+-.!

7:8-5(+-OH!1&-+>6O'.:-+'!7/*+'5-+:&6!B/8/!566:'+5-/*!B+-.!+&'8/56/*!8+69!:;!7:8-5(+-O!+&!5*U)6-/*!

7:*/(6!5&*! ;:8!5((!(/=/(6!:;!;85+(-OH!!

!

(i) Frailty   

] 85+(-O!B56!+&*/>/&*/&-(O!566:'+5-/*!B+-.!7:8-5(+-O!+&!:(*/8!':,&+-+=/(O!+7>5+8/*!5*)(-6!;8:7!-./!

0]1?!%%!':.:8-L!5(-.:),.!;85+(-O!*+*!&:-!7:*/85-/!-./!566:'+5-+:&! </-B//&!>:(O>.5875'O!:8!C%26!

5&*!7:8-5(+-OH!E./ !8/6)(-6!*+*!6),,/6-!-.5-!;85+(-O!5--/&)5-/6!-./!8+69!:;!7:8-5(+-O!566:'+5-/*!B+-.!

</&A:*+5A/>+&/!)6/L!.:B/=/8!,+=/&!-./!675((!&)7</8!:;!*/5-.6!-.5-!:'')88/*!5'8: 66!(/=/(6!:;!

;85+(-OL!+-!+6!*+;;+')(-!-:!*85B!':&'()6+:&6!;8:7!-.+6!;+&*+&,H!%&!6-85-+;+/*!5&5(O6/6L!;85+(/8!>/:>(/!B+-.!

.O>/8>:(O>.5875'O!B/8/!5-!-./!,8/5-/6-!8+69!:;!7:8-5(+-OL!.:B/=/8!8/(5-+=/!8+69!:;!7:8-5(+-O!

566:'+5-/*!B+-.!>:(O>.5875'O!B56!,8/5-/6-!57:&, !>/:>(/!B.:!B/8/! &:-!;85+(H!!

2O!;+&*+&,6!;8:7!-./!0]1?!%%!':.:8-!>58-+5((O!6)>>:8-/*!-./!=5(+*+-O!:;!-./!;85+(-O!>./&:-O>/!+&!

>8/*+'-+&,!8+69!:;!5*=/86/!:)-':7/6!57:&,!>/:>(/!B+-.!':,&+-+=/!+7>5+87/&-H!?(:B&/66L!B56!-./!

:&(O!>./&:-O>/!'8+-/8+:&!-:!+&*/>/&*/&-(O!>8/*+'-!7:8-5(+-O!5&*!-./8/!B56!&:!/=+*/&'/!-.5-!-./!

8/75+&+&,!'8+-/8+:&!B/8/!>8/*+'-+=/!:;!5*=/86/!:)-':7/6H!!

! !



!

"$#!

!

!%#! KB3-L39-.*+%*+,(-/.-59-03(3106B--

•! C/:>(/!B+-.!*/7/&-+5!5&*!':,&+-+=/!+7>5+87/&-!58/!/V>:6/*!-:!>:(O>.5875'O!5&*!

C%26H!!

•! C:(O>.5875'O!5&*!C%2!)6/!57:&,!>/:>(/!B+-.!*/7/& -+5!+6!,8/5-/8!+&!'58/!.:7/6H!!

•! C:(O>.5875'O!5&*!C%2!>8/6'8+>-+:&6!58/!7:8/!>8/=5(/&-!+&!>/:>(/!B.:!58/!;85+(H!!

•! %&!,/&/85(L!C%26!58/!&:-!566:'+5-/*!B+-.!+&'8/56/*!8+69!:;!7:8-5(+-O!+&!>/:>(/!B+-.!

':,&+-+=/!+7>5+87/&-L!B+-.!-./!/V'/>-+:&!:;!5&-+>6O'.:-+'!7/*+'5-+:&6H!!

•! C:(O>.5875'O!B56!566:'+5-/*!B+-.!+&'8/56/*!8+69!:;!7:8-5(+-O!+&!':,&+-+=/(O!+7>5+8/*!

:(*/8!5*)(-6!5&*!>58-+')(58!5--/&-+:&!6.:)(*!</!,+=/&!-:!8/*)'+&,!-./!:=/85((!&)7</8!

:;!7/*+'5-+:&6!>8/6'8+</*!-:!8/*)'/!>:-/&-+5(!;:8!.587H! !

•! 2/*+'5-+:&!8/=+/B6!)6/*!+&!>8+758O!'58/!5&*!+&!'58/!.:7/6!58/!/;;/'-+=/!-::(6!;:8!

+*/&-+;O+&,!5&*!8/*)'+&,!/V>:6)8/!-:!C%26H!!

•! 18:)&*!.5(;!:;!5((!>5-+/&-6!B+-.!*/7/&-+5!+&!>8+758O!'58/!8/'/+=/!5!* /7/&-+5!5&&)5(!

8/=+/BH!!

•! K/7/&-+5!5&&)5(!8/=+/B!B56!566:'+5-/*!B+-.!(/66!6-58-+&,!5&*!(/66!6-:>>+&,!:;!C%2H!!!

•! ]85+(-O!B56!+&*/>/&*/&-(O!>8/*+'-+=/!:;!7:8-5(+-O!<)-!+6!&:-!>8/*+'-+=/!:;!=)(&/85<+(+-O!

-:!5&:-./8!8+69!;5'-:8L!6)'.!56!>:-/&-+5((O!+&5>>8:>8+5-/!>8/6'8+<+&,H!T/&'/L!;85+(-O!56!

:>/85-+:&5(+6/* !<O!-./!]8+/*!'8+-/8+5!*:/6!&:-!>8:=+*/!5!B5O!-:!+*/&-+;O!-.:6/!7:8/!

6)6'/>-+<(/!-:!>:(O>.5875'OH!!

! !



!
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!

C<FM! E*(6'((*/+-/.-L39-.*+%*+,(--

G034123+63-/.-GAH(-1+%-7/297B105169-*+-73/723-I*)B-%353+)*1--

2O!;+&*+&,6!6.:B/*!-.5-!-./!) 6/!:;!C%26!B56!>8/=5(/&-!+&!>/:>(/!B+-.!':,&+-+=/!+7>5+87/&-!5&*!

>/:>(/!B+-.!*/7/&-+5 L!B+-.!58:)&*!R#P!DMJP!0%!NIHFQRNHJG!:;!>/:>(/!B+-.!':,&+-+=/!+7>5+87/&-!

8/>:8-/*!5-!(/56-!:&/!C%2H!E./6/!;+&*+&,6!58/!':7>585<(/!-:!6:7/!>8/=+:)6!8/6/58'.!5&*!>8/6/&-!

5!>+'-)8/!:;!5!>:>)(5-+:&!5-!8+69!:;!.+,.!(/=/(6!:;!/V>:6)8/!-:!C%26H!1!>8/=+:)6!6-)*O!:;!C%2!

>8/6'8+>-+:&6!57:&,6-!>/:>(/!B+-.!*/7/&-+5!+&!-./!hi!/6-+75-/* !"MP!:;!>/:>(/!B+-.!*/7/&-+5!

B/8/!>8/6'8+</*!5-!(/56-!:&/!C%2!f"M$gH!1!6O6-/75-+'!8/=+/B!:;!C%2!+&!>/:>(/!B+-.!':,&+-+=/!

+7>5+87/&-!5&*!*/7/&-+5!;:)&*!-.5-!>8/=5(/&'/!B56!/6-+75-/*!</-B//&!"#P! 5&*!JSP!f$R"gH!

1(-.:),.L!+ -!8/75+&6!)&'(/58!B./-./8!':,&+-+=/!+7>5+87/&-!+6!':&6+6-/&-(O!566:'+5-/*!B+-.!,8/5-/8!

8+69!:;!C%2!)6/!56!>8/=+:)6!6-)*+/6!.5=/!5(6:!/6-+75-/*!5!(:B/8!(+9/(+.::*!:;!C%2!+&!>/:>(/!B+-.!

':,&+-+=/!+7>5+87/&-!f$R"gH!!

?+7+(58(O!-:!-./!;+&*+&,6!;8:7!7O!8/6/58'.L!*+;;/8/&-!'58/!6/--+&,6!58/!566:'+5-/*!B+-.!*+;;/8/&'/6!

+&!C%2!>8/=5(/&'/H!2O!;+&*+&,6!6.:B/*!5!,8/5-/8!>8/=5(/&'/!:;!C%2!+&!'58/!.:7/6!5&*!5(-.:),.!%!

*+*!&:-!/6-+75-/!>8/=5(/&'/!+&!.:6>+-5(!6/--+&,6L!>8/=+:)6!6-)*+/6!.5=/!;:)&*!-.5-!C%2!>8/=5(/&'/!

+6!:;-/&L!<)-!&:-!':&6+6-/&-(OL!.+,./8!57:&,!>/:>(/!B+-.!':,&+-+=/!+7>5+87/&-!DNMP!-:!FFPG!

':7>58/*!-:!>/:>(/!B+-.:)-!D"#P!-:!SNPG! f"M"gH!@6-+75-/6!;8:7!-./!\+,.-E+7/C(5'/058/!D\EC0G!

6-)*O!5'8:66!F!@)8:>/5&!':)&-8+/6!5(6:!/6-+75-/*!5!.+,.!>8/=5(/&'/!:;!C%2!5'':8*+&,!-:!-./!

@)8:>/5&!h&+:&DIGQC%2!(+6-L!B+-.!S#P!:;!>58-+'+>5&-6!B+-.!*/7/&-+5!>8/6'8+</*!5-!(/56-!:&/!C%2!

f$MNgH!T:B/=/8L!-./!\EC0 !6-)*O!+6!8/>8/6/&-5-+=/!:;!5!':.:8-!*+6-+&'-!;8:7!-./!0]1?!%%!56!-./!0]1?!

6)<657>(/!B56!>8/*:7+&5&-(O!>/:>(/!B+-.!':,&+-+=/!+7>5+87/&-!(+=+&,!+&!-./!':77)&+-OH!E./!

.+,./8!>8/=5(/&'/!:;!C%2!+&!-./!\EC0!6-)*O!(+9/(O!8/>8/6/&-6!7:8/!6/=/8/!':,&+-+=/!5&*!>.O6+'5(!

+7>5+87/&-L!56!-.+6!657>(/!B56!'.585'-/8+6/*!<O!>/:>(/!8/'/&-(O!5*7+--/*!-:!(:&, Q-/87!'58/!:8!5-!

8+69!:;!5*7+66+:&!B+-.+&!S!7:&-.6H!!

E./!.+,.!>8/=5(/&'/!:;!C%2!57:&,6-!-./!0]1?!%%!6)<657>(/!':)(*!8/;(/'-!'.5&,/6!+&!>8/6'8+<+&,!
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75-'./*!':&-8:(6 !5'8:66!-./!657/!>/8+:* L!7/5&+&,!-.5-!>/:>(/! <:-.! B+-.!5&*!B+-.:)-!*/7/&-+5!
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':,&+-+=/!*/'+6+:&!759+&,!>8:'/66/6!58:)&*!B./&! -:!':&-+&)+&,!-:!>8/6'8+</H!T/)8+6-+'6!759/!
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-85&6+-+:&6!5'8:66!(/=/(6!:;! ;85+(-O!5&*!*/5-. !fN$IgH!%&!5!6-)*O!:;!*/(+8+)7!+&!.:6>+-5(!5*7+66+:&6L!

7:8-5(+-O!8+69!566:'+5-/*!B+-.!*/(+8+)7!B56!>58-+')(58(O!.+,. !57:&,6-!;+--/8!+&*+=+*)5(6!f$MSgH!1!

8/'/&-!>5-.:(:,O!5&5(O6+6!:;!>58-+'+>5&-6!;8:7!-./!\)6.!2/7:8O!5&*!1,/+&,!C8:U/'-!6),,/6-/*!

-.5-!;85+(-O!D7/56)8/*!)6+&,!-./!]85+(-O!%&*/VG!7:*/85-/*!-./!8/(5-+:&6.+>!</-B//&!1(A./+7/8a6!



!

"$M!

!

*+6/56/!>5-.:(:,O!5&*!*/7/&-+5!D*+5,&:6+6!:;!1(A./+7/8a6!*+6/56/!:8!&:-G!fN$FgH!1(-.:),.!-./8/!

B56!6:7/!/=+*/&'/!:;!5!7:*/85-+&,!8:(/!:;!;85+(-OL!-.+6!B56!566:'+5-/*!B+-.!-./!>8/6/&'/!:;!

*/7/&-+5!*+5,&:6+6!:8!&:-L!.:B/=/8!B./-./8!-./!8/(5-+:&6.+>!B+-.!;85+(-O!B56!+&'8/7/&-5((O!

566:'+5-/*!B+-.!-./!6/=/8+-O!:;!':,&+-+=/!+7>5+87/&-!+&!>/:>(/!B+-.!*/7/&-+5!B56!&:-!566/66/*H!

E./!>:-/&-+5(!7:*/85-+&,!8:(/!:;!;85+(-O!5&*!-./!)-+(+-O!:;!;85+(-O!56!5!>8/*+'-:8!:;!=)(&/85<+(+-O!-:!

-./!5*=/86/!/;;/'-6!:;!5&:-./8!8+69!;5'-:8!+6!&:-!B/((!/6-5<(+6./*!5&*!8/b)+8/6!;)8-./8!

+&=/6-+,5-+:&L!</'5)6/!-./ !+*/&-+;+'5-+:&!:;!=)(&/85<+(+-O!+6!6)'.!5!9/O!'(5+7!:;!-./!</&/;+-!:;!;85+(-O!

7/ 56)8/6H!!

2O!;+&*+&,6!6.:B/*!6:7/! /=+*/&'/!-.5- !-./!(/56-!;85+(!,8:)>!:;!>/:>(/!B+-.!>:(O>.5875'O!B/8/!

5-!+&'8/56/*!8+69!:;!7:8-5(+-O!D':7>58/*!-:!>/:>(/!B.:!B/8/!&: -!;85+(!5&*!B+-.:)-!>:(O>.5875'OGH!

E.+6!;+&*+&,!75O!)&*/86-::*!<O!':&6+*/8+&,!-./!657>(/L!B.:!58/!':,&+-+=/(O!+7>5+8/*!5&*!75O!

-./8/;:8/!</!+&./8/&-(O!(+=+&,!B+-.!5!)&*/8(O+&,!(/=/(!:;!;85+(-O!-.5-!+6!&:-!5'':)&-/*!;:8!+&!-./!

]8+/*!;85+(-O!'(566+;+'5-+:&!fRIgH!E./8/;:8/!-./!657>(/!75O!</!(+=+&,!B+-.!5&!)&*/8(O+&,!(/=/(!:;!

=)(&/85<+(+-O!-:!-./!5*=/86/!/;;/'-6!:;!>:(O>.5875'OL!8/,58*(/66!:;!;85+(-OH!%&-/8/6-+&,(OL!6+7+(58!

;+&*+&,6!.5=/!<//&!6//&!+&!>8/=+:)6!6-)*+/6!+&=:(=+&,!657>(/6!B+-.!5&!+&./8+-!5&*!)&*/8(O+&,!(/=/(!

:;!=)(&/85<+(+-O!-:!5*=/86/!:)-':7/6L!6)'.!56!:(*/8L!7)(-+7:8<+*!5*)(-6H!C8/=+:)6!6-)*+/6!+&!:(*/8!

5*)(-6!.5=/!;:)&*!-.5-!>/:>(/!B.:!58/!;85+(!B+-.!.O>/8>:(O>.5875'O!B/8/!6+V!-+7/6!7:8/!(+9/(O!-:!

*+/!*)8+&,!;:((:BQ)>L!':7>58/*!-:!>/:>(/!B.:!B/8/!&:-!;85+(!5&*!B+-.:)-!>:(O>.5875'O! f$MFgH!

T:B/=/8!+&!-.+6!6-)*O!:;!':77)&+-O!*B/((+&,!:(*/8!5*)(-6!+&!]85&'/!D&X"LNJ#GL!-./!6-)*O!;+&*+&,6!

B/8/!5(6:!':7>585<(/!-:!7O!8/6)(-6!56!-./!8+69!:;!7:8-5(+-O!57:&,6-!&:&Q;85+(!>/:>(/!B+-.!

.O>/8>:(O>.5875'O!B56!,8/5-/8!-.5&!-./!8+69!+&!>/:>(/!B.:!B/8/!7:8/!;85+(H!T:B/=/8L!+&!5!6-)*O!

:;!.:6>+-5(+6/*!:(*/8!5*)(-6L!B./8/!5&!)&*/8(O+&,!(/=/(!:;!=)(&/85<+(+-O!75O!</!/V>/'-/*L!-./8/!

B56!&:!/=+*/&'/!:;!5&!/;;/'-!+&!>/:>(/!B.:!B/8/!-./!(/56-!;85+(H!2:8/:=/8L! +-!B56!/6-+75-/*!-.5-!

-./!(/56-!;85+(!,8:)>!B+-.!.O>/8>:(O>.5875'O!B/8/!(/56-!(+9/(O!-:!/V>/8+/&'/!5*=/86/!:)-':7/6 !

fN$MgH!%&!5**+-+:&L!+&!5!?>5&+6.!':.:8-!D]85+(-O!5&*!K/>/&*/&'/!+&!1(<5'/-/!6-)*OGL!>58-+'+>5&-6!

B/8/!,8:)>/*!5'':8*+&,!-:!;85+(-O!5&*!>:(O>.5875'O!6-5-)6!5&*!/6-+75-/*!-.5-!>/:>(/!B.:!B/8/!

;85+(!B+-.!>:(O>.5875'O!.5*!;+=/!-+7/6!,8/5-/8!:**6!:;!7:8-5(+-O!:8!*+65<+(+-OL!':7>58/*!-:!>/:>(/!

B+-.:)-!;85+(-O!5&*!B+-.:)-!>:(O>.5875'O!f$""gH!T:B/=/8L!58:)&*!:&/!-.+8*!:;!-.+6!':.:8-!B/8/!

.:6>+-5(+6/*!*)8+&,!;:((:BQ)>!5&*!75O!-./8/;:8/!</!8/>8/6/&-5-+=/!:;!5!':.:8-!B+-.!.+,.!<56/(+&/!

=)(&/85<+(+-O!-:!5*=/86/!/;;/'-6H!16!7O!;+&*+&,6!6),,/6-L!-. /!8/(5-+:&6.+>!</-B//&!;85+(-OL!

>:(O>.5875'O!5&*!7:8-5(+-O!+6!':7>(/V!5&*!-./8/!+6!&:!/=+*/&'/!:;!5!(+&/58!8/(5-+:&6.+>H!%&!

5**+-+:&L!+-!+6!*+;;+')(-!-:!759/!':7>58+6:&6!5'8:66!6-)*+/6!*)/!-:!(5'9!:;!':&6+6-/&'O!+&!5>>8:5'.!

-:!:>/85-+:&5(+6+&,!;85+(-OL!+&'()*+&,!;5+(+&,!-:!:<U/'-+=/(O!7/56)8/!6(:B&/66!5&*!6-8/&,-.H!f$MFgH!

])8-./87:8/L!B./-./8!-./!>:>)(5-+:&!+&'()*/6!>/:>(/!B+-.!*/7/&-+5!'(/58(O!+7>5'-6!:&!;+&*+&,6 L!
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56!*/7/&-+5!75O!:=/86.5*:B!>8/6'8+<+&,!*/'+6+:&6!5&*!:)-':7/6!+&!75&O!'56/6!fN"#gH!E./8/;:8/L!

-./6/!;+&*+&,6!6),,/6-!-.5-!B.+(6-!;85+(-O!+6!5!)6/;)(!B5O!-:!+*/&-+;O!6)<Q,8:)>6!:;!-./!:(*/8!

>:>)(5-+:&!B.:!58/!>58-+')(58(O!=)(&/85<(/!-:!5*=/86/!/;;/'-6L!;85+(-O!+6!&:-!&/'/6658+(O!5!=+5<(/!

-::(!;:8!+*/&-+;O+&,!>/:>(/!B.:!58/!5-!8+69!:;!5*=/86/!/;;/'-6!566:'+5-/*!B+-.!>:-/&-+5((O!

+&5>>8:>8+5-/!>8/6'8+<+&,H!!

!

!1#! G03%*6)*43-412*%*)9-/.-.01*2)9-7B3+/)973--

1>>(O+&,!-./!;85+(-O!>./&:-O>/!'8+-/8+5!57:&,!>/:>(/!B+-.!*/7/&-+5 !75O!&:-!</!-./! :>-+75(!B5O!

-:!+*/&-+;O!-.:6/!5-!8+69L!>58-+')(58(O!B./&!-./!/=+*/&'/!6),,/6-6!-.5-!+&*+=+*)5(!'8+-/8+5!58/!&:-!

':&6+6-/&-(O!566:'+5-/*!B+-.!5*=/86/!:)-':7/6H!E./!;+&*+&,6!;8:7!7O!6-)*O!6.:B/*!-.5-!

6(:B&/66L!56!7/56)8/*!<O!-./!,5+-!6>//*!-/6-L!B56!-./!:&(O!;85+(-O!'8+-/8+:&!+&*/>/&*/&-(O!

566:'+5-/*!B+-.!-./!:)-':7/!:;!7:8-5(+-OH!E./6/!;+&*+&,6!58/!':&6+6-/&-!B+-.!>8/=+:)6!6-)*+/6!

566/66+&,!-./!>8:,&:6-+'!=5()/!:;!;85+(-O!'8+-/8+5!B.+'.!5(6:!;:)&*!-.5-!+&*+=+*)5(!;85+(-O!'8+-/8+5!

B/8/!&:-!':&6+6-/&-(O!566:'+5-/*!B+-.!5*=/86/!/;;/'-6H!1&:-./8 !6-)*O!5(6:!;:)&*!-.5-!+&!5*U)6-/*!

7:*/(6L!6(:B&/66!B56!-./!6-8:&,/6-!>8/*+'-: 8!:;!*+65<+(+-O!5&*!;5((6!fJRgH!?(:B!,5+-!':)(*!</!

':&6+*/8/*!5!8/;(/'-+:&!:;!5!85&,/!:;!>.O6+:(:,+'5(!>8:'/66/6L!':7:8<+*+-OL!5&*!/;;/'-!:;!

7/*+'5-+:&6L!(:66!:; !6-8/&,-. !5&*!/&*)85&'/L!/V.5)6-+:&!5&*!(:B!7::*H!T:B/=/8L!-.+6!6-)*O!5(6:!

;:)&*!-.5-!(:B!>.O6+'5(!5'-+=+-O!5&*!B/+,.-!(:66!B/8/!566:'+5-/*!B+-.!*+65<+(+-OL!&)86+&,!.:7/!6-5O!

5&*!7:8-5(+-O!fJRgH!2O!)&5*U)6-/*!5&5(O6/6!:;!-./!0]1?!%%!657>(/!B/8/!':7>585<(/!5&*! (:B!

>.O6+'5(!5'-+=+-O!B56!566:'+5-/*!B+-.!7:8-5(+-O!<)-!-./8/!B56!&:!/=+*/&'/!:;!-./!566:'+5-+:&!:;!

B/+,.-!(:66!B+-.!7:8-5(+-O!+&!7O!;+&*+&,6H!E./!*+;;/8/&'/!75O!</!/V>(5+&/*!<O!-./!:>/85-+:&5(+6+&,!

:;!-./!B/+,.-!(:66!'8+-/8+5L!B.+'.!+&!0]1?!%%!B56!5!6/(;Q8/>:8-/*!)&+&-/&-+:&5(!B/+,.-!(:66!RHJ9,!

D$#(<6G!:8!7:8/!+&!>8/=+:)6!6+V!7:&-.6!:8!(/66H!%&!-./!:8+,+&5(!:>/85-+:&5(+65-+:&!:;!-./!]8+/*!;85+(-O!

'8+-/8+5!fRIgL!B/+,.-!(:66!B56!/6-+75-/*!:=/8!:&/!O/58!85-./8!-.5&!6+V!7:&-.6H!E.+6!':)(*!7/5&!

-.5-!-./!&)7</8!:;!>/:>(/!B.:!B/8/!+7>5+8/*!:&!-./!B/+,.-!(:66!'8+-/8+5!75O!</!)&*/8/6-+75-/*!

+&!-./!0]1?!%%!657>(/!5&5(O6+6H!!!

16!>58-!:;!-./!4C!':&-85'-6!5&*!8/':77/&*5-+:&6!;8:7!`%0@!fIFgL!+-!+6!5!8/b)+8/7/&-!-.5-!;85+(-O!+6!

566/66/*!+&!:(*/8!>/:>(/H!h&*/86-5&*+&,!;85+(-O!+6!':&6+*/8/*!5!'(+&+'5(!>8+:8+-O!<)-!+&!>85'-+'/!5!

;85+(-O!566/667/&-!B+((!=58O!':&6+*/85<(O!</-B//&!>85'-+'/6!5&*!>85'-+-+:&/86!5&*!-./8/!+6!(+7+-/*!

6-5&*58*+65-+:&!:;!;85+(-O!566/667/&-!+&!>85'-+'/!fN"$gH!\/6:)8'/!5&*!-+7/!':&6-85+&-6!B+((!

+&=58+5<(O!+7>5'-!)>:&!-./!':7>8/./&6+=/&/66!:;!;85+(-O!566/667/&-6!)6/*!+&!>85'-+'/!fN""gH!2O!

;+&*+&,6!6)>>:8-!>8/=+:)6!6-)*+/6!-.5-!6),,/6-!-.5-!-./!,5+-!6>//*!-/6-!+6!5!6+7>(/!5&*!=5(+*!+&+-+5(!
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+&*+'5-:8!:;!;85+(-O!5&*!=)(&/85<+(+-O!-:!5*=/86/!/;;/'-6!fN"NgH!T:B/=/8L!*/-5+(/*!566/667/&-!56!

>58-!:;!5!':7>8/./&6+=/!,/8+5-8+'!566/667/&-!75O!</!+7>:8-5&-!+&!+*/&-+;O+&,!;5'-:86!-.5-!58/!

':&-8+<)-+&,!-:!;85+(-O!5&*!B./8/!+&-/8=/&-+:&6!75O!</!>:66+<(/!fN"RgH!!!

 

C<FR! A+)3043+)*/+(-)/-/7)*5*(3-703(60*"*+,-*+-73/723-I*)B-%353+)*1--

!1#! S..36)*43+3((-/.-53%*61)*/+-034*3I-1+%-%353+)*1-1++'12-034*3I-/+-GAH(--

2O!;+&*+&,6!6.:B!-.5-!5!8/':8*!:;!5!7/*+'5-+:&!8/=+/B!B56!566:'+5-/*!B+-.!8/*)'+&,!-./!

>8/6'8+>-+:&!:;!C%26!+&!>/:>(/!B+-.!*/7/&-+5!+&!>8+758O!'58/!+&!@&,(5&*H!2/*+'5-+:&!8/=+/B!B56!

5(6:!566:'+5-/*!B+-.!+&'8/56/*!&/B(O!>8/6'8+</*!C%26H!E.+6!;+&*+&,!6:7/B.5-!':88:<:85-/6!B+-. !5!

&)7</8!:;!8/=+/B6!:;!+&-/8=/&-+:&!6-)*+/6!-.5-!B/8/!+&'()*/*!+&!-./!6':>+&,!8/=+/B!:;!-./!

(+-/85-)8/L!B.+'.!;:)&*!-.5-!7/*+'5-+:&!8/=+/B!B56!':77:&(O!)6/*!5&*!B56!/;;/'-+=/!+&!8/*)'+&,!

C%26!5'8:66!5!85&,/!:;!'(+&+'5(!-8+5(!+&-/8=/&-+:&!6-)*+/6!f$NRL!$INL!N"JgH!E:!7O!9&:B(/*,/L!-.+6!+6!

-./!;+86-!6-)*O!:;!-./!+7>5'-!:;!7/*+'5-+:&!8/=+/B!:)-6+*/!:;!5!'(+&+'5(!-8+5(!5&*!8/;(/'-+&,!8/5(Q

B:8(*!'(+&+'5(!>85'-+'/H!%&!>85'-+'/L!7/*+'5-+:&!8/=+/B6!B/8/!566:'+5-/*!B+-.!6-:>>+&,!C%26!+&!

>5-+/&-6!B.:!B/8/!5(8/5*O!>8/6'8+</*!-./7H!T:B/=/8L!7/*+'5-+:&!8/=+/B6!B/8/!5(6:!566:'+5-/*!

B+-.!+&+-+5-+&,!&/B!C%2!>8/6'8+>-+:&6H!4)+*/(+&/6!;8:7 !̀ %0@!8/':77/&*!7/*+'5-+:&!8/=+/B6!-:!

>5-+/&-6!B+-.!>:(O>.5875'O!5&*!7O!;+&*+&,6!+&*+'5-/!6:7/!/;;/'-+=/&/66!:;!-./6/!8/=+/B6!fIFgH!

2 O!;+&*+&,6!5(6:!+&*+'5-/!-.5-!;)8-./8 !5B58/&/66!:;!C%26!+&!>/:>(/!B+-.!*/7/&-+5!+6!&//*/*!

57:&,!6:7/!>8/6'8+</86 !-:!+7>8:=/!>8/6'8+<+&,!b)5(+-OH!!

E./!>)8>:6/!:;!5!':7>8/./&6+=/!7/*+'5-+:&!8/=+/B!+6!-:!'8+-+'5((O!':&6+*/8!-./!65;/-OL!/;;+'5'O!

5&*!5''/>-5<+(+-O!:;!7/*+'+&/6!B+-.!-./!5+7!:;!:>-+7+6+&,!7/*+'5-+:&6!fIFgH!E./!+&*+=+*)5(a6!

>8/;/8/&'/6L!</(+/;6L!=5()/6!5&*!,:5(6!6.:)(*!5(6:!</!5'':)&-/*!;:8!+&!>8/6'8+<+&,!*/'+6+:&6H!1!

*/7/&-+5!5&&)5(!8/=+/B!6.:)(*!-59/!>(5'/!+&!>8+758O!'58/!<)-!-./8/!58/!&:!6-+>)(5-+:&6!56!-:!B.:!

B:)(*!':&*)'-!-./!8/=+/B!+&!>85'-+'/ !f$$$gf$$"gH!E./!')88/&-!m3]!* /7/&-+5!5&&)5(!8/=+/B!*:/6!

&:-!6-+>)(5-/!5!7/*+'5-+:&!8/=+/B!+6!8/b)+8/*L!.:B/=/8!-./!8/=+/B!'(/58(O!8/>8/6/&-6!5&!

:>>:8-)&+-O!;:8!5!':7>8/./&6+=/ !566/667/&-!:;!-./!>5-+/&-L!B.+'.!6.:)(*!+&'()*/!5!8/=+/B!:;!

7/*+'5-+:&6!-:!75&5,/!6O7>-:76!:;!*/7/&-+5!5&*!':7:8<+*+-+/6L!+;!&/'/6658OH!4)+*/(+&/6!;8:7!

`%0@!6),,/6-!-.5-!7/*+'5-+:&6!6.:)(*!</!8/=+/B/*!8/,)(58(O!+&!>/:>(/!B.:!58/!>8/6'8+</*!

7)(-+>(/!7/*+'5 -+:&6!:8!>8/6'8+</*!7/*+'5-+:&6!;:8!(:&,Q-/87!':&*+-+:&6!f$#FL!$#MgH!4+=/&!-./!

>:-/&-+5(!;:8!5*=/86/!/;;/'-6!566:'+5-/*!B+-.!C%26!5&*!>:(O>.5875'O!+&!>/:>(/!B+-.!*/7/&-+5L!

:>-+7+6+&,!7/*+'+&/6!6.:)(*!':&-+&)/!-:!</ !5!>)<(+'!./5(-.!>8+:8+-O!+&!-.+6!>:>)(5-+:&H!2/*+'5-+:&!
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75&5,/7/&-!'5&!</!'.5((/&,+&,!5&*!':7>(/V!;:8!>/:>(/!B+-.! */7/&-+5! fN"SgH!C8/=+:)6!

b)5(+-5-+=/!6-)*+/6!.+,.(+,.-!-./!+&-/,85(!8:(/!'58/86!>(5O!+&!7/*+'+&/6!75&5,/7/&-L!B.+'.!'5&!

>8:=+*/!5!&)7</8!:;!'.5((/&,/6!+&'()*+&,!5!6/&6/!:;!8/6>:&6+<+(+-O!;:8!5*./8/&'/!fNFg!E./!

+&':8>:85-+:&!:;!5!7/*+'5-+:&!8/=+/B!+&-:!5!*/7/&-+5!5&&)5(!8/=+/B!':)(*!+7>8:=/!

6-5&*58*+65-+:&!:;!>85'-+'/!+&!-./!8/,)(58!8/=+/B!:;!7/*+'+&/6!+&!-.+6!>:>)(5-+:&L!B.+'.!75O!

8/*)'/!:=/85((!-8/5-7/&-!<)8*/&!+;!7/*+'5-+:&6!-.5-!58/!&:!(:&,/8!+&*+'5-/*!58/!*/>8/6'8+</* !5&*!

8/*)'/!-./!>:-/&-+5(!;:8!5*=/86/!/;;/'-6H! !

2O!;+&*+&,6!6.:B/*!-.5-!5!7/*+'5-+:&!8/=+/B!B56!566:'+5-/*!B+-.!*/>8/6'8+<+&,!:;!
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-.5-!-./!b)5(+-O!:;!'58/!(5'96!6-5&*58*+65-+:&!5'8:66!>/:>(/!B+-.!*/7/&-+5!5&*!-./8/!58/!

+&/b)5(+-+/6!+&!'58/!>8:=+6+:&!':7>58/*!-:!>/:>(/!B+-.:)-!*/7/&-+5!f"SNgH!1!*/7/&-+5!8/=+/B!+6!
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m)5(+-O!%7>8:=/7/&-!7:*)(/6!-.5-!B+((!'.5&,/!/5'.!O/58!5&*!;:8!"#$Mn"#"#!-.+6!B+((!+&'()*/!-B:!



!

""R!

!
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>:>)(5-+:&!=)(&/85<(/!-:!6/8+:)6!5*=/86/!/;;/'- 6!:;!C%26!':)(*!8/*)'/!-./!/V>:6)8/!-:!>:-/&-+5(!

;:8!.587 H!2:8/:=/8L!+7>8:=/!6-5&*58*+65-+:&!:;!>8/6'8+<+&,!>85'-+'/!5&*!8/=+/B6!5'8:66!

>8+758O!'58/!>85'-+'/6L!+;!5>>8:>8+5-/(O!5'':)&-/*!;:8!+&!m3]!6':8+&,!6O6-/76H!!

])8-./87:8/L! >8/=+:)6!b)5(+-5-+=/!6-)*+/6!+&=:(=+&,!>/:>(/!B+-.!*/7/&-+5!5&*!-./+8!'58/86!.5=/!

.+,.(+,.-/*!-.5-!-./!8:(/!:;!75&5,+&,!7/*+'+&/6!:;-/&!6.+;-6!;8:7!-./!+&*+=+*)5( L!56!'58/86!:;!

>/:>(/!B+-.!*/7/&-+5!B+((!:;-/&!-59/!8/6>:&6+<+(+-O!;:8!75&5,+&,!7/*+'5-+:&6H!2/*+'5-+:&!

75&5,/7/&-!'5&!5* *!'.5((/&,/6!-:!-./!'58+&,!8:(/!5&*!+&'8/56/!/7:-+:&5(!(:5*L!>58-+')(58(O!56!

-./!*+6/56/!>8:,8/66/6!5(:&,6+*/!7:8/!':7>(/V!7/*+'5-+:&!8/,+7/6! fNFgH!058/86!58/!+&-/,85(!

/&5<(+&,!;5'-:86!+&!75&5,+&,!7/*+'+&/6H!E./+8!8:(/!6.:)(*!5(6:!</!':&6+*/8/*!+&!* /7/&-+5!5&&)5(!

8/=+/B6H!E:!/&6)8/!'58/86!58/!B/((Q6)>>:8-/*L!5&*!-./!=+/B6L!</(+/;6!5&*!,:5(6!:;!'58/!;:8!-./!

+&*+=+*)5(!B+-.!*/7/&-+5!5&*!-./+8!'58/8!58/!5'':)&-/*!;:8!D ]+,)8/! N#!2:*/(!"GH!!

!



!

""S !

!

C<FC! E3703(60*"*+,-

E./!>8:'/66!:;!B+-.*85B5(!5&*!*:6/!8/*)'-+:&!:;!7/*+'+&/6!+6!9&:B&!56!*/ >8/6'8+<+&,!5&*!

+&=:(=/6!-./!':&6+*/85-+:&!:;!-./!8+69!5&*!</&/;+-6!:;!+&*+=+*)5(!7/*+'+&/6!5&*!-./!')7)(5-+=/!8+69!

566:'+5-/*!B+-.!-./!)6/!:;!7)(-+>(/!7/*+'+&/6! fNNSgH!3>-+7+6+&,!7/*+'+&/6!'5&!</!5**+-+:&5((O!

' .5((/&,+&,!57:&,!>/:>(/!B+-.!*/7/&-+5!</'5)6/!:;!'.5&,/6!+&!*/'+6+:&!759+&,L!':77)&+'5-+:&L!

':,&+-+=/!'5>5'+-O!5&*!+&'8/56/*!'58/8!+&=:(=/7/&-!5'8:66!*+6/56/!>8:,8/66+:&!fNFL!NNIgH!1!(5'9!:;!

,)+*/(+&/6!5&*!-85+&+&,!+&!*/>8/6'8+<+&,!56!5&!+&-/,85(!/(/7/&-!:; !-./!>8/6'8+<+&,!>8:'/66!'5&!5(6:!

+7>/*/!>8/6'8+</86H!\/'/&-!*/=/(:>7/&-!:;!/=+*/&'/ Q<56/*!*/>8/6'8+<+&,!,)+*/(+&/6!6.:)(* !

>8:,8/66+=/(O!/&.5&'/!-./!: >>:8-)&+-+/6!5&*!6)>>:8-!;:8!*/>8/6'8+<+&,H!h6+&,!*/>8/6'8+<+&,!

>5-+/&-!.5&*:)-6!5&*!>.5875'+6-!5&*!4C!/*)'5-+:&!75-/8+5(6!.56!6)>>:8-/*!N#P!*/>8/6'8+<+&,!:;!

'.8:&+'!</&A:*+5A/>+&/6!-.8:),.!>5-+/&-!/*)'5-+:&!D':7>58/*!B+-.!JP!+&!-./!':&-8:(!,8:)>G!5&*!

RNP!*/>8/6'8+<+&,!D$"P!+&!':&-8:(!,8:)>G!+&!>85'-+-+:&/8!/*)'5-+:&!+&!6-)*+/6!;8:7!-./!05&5*+5&!

K/>8/6'8+<+&,!`/-B:89!fNNFL!NNMgH!])-)8/!*/=/(:>7/&-6!58/!5(6:!/V>/'-/*!B+-.+&!-./!hi!56!-./!

@&,(+6.!K/>8/6'8+<+&,!`/-B:89!(5)&'./6!+&!"#$M!fNR#gH!E./!>8:'/66!:;!>8/6'8+<+&,!:'')86!5'8:66!

*8),!+&+-+5-+:&L!7:&+-:8+&,L!5*U)6-7/&-6!5&*!8/=+/B6!5&*!6.:)(*!5(6:!+&'()*/!/=+*/&'/Q<56/*!

6)>>:8-!;:8!*/>8/6'8+<+&,!7/*+'+&/6H!]:8!:(*/8!5*)(-6!5&*!>/:>(/!B+-.!*/7/&-+5!-.+6!+6!5!>8+:8+-O!

,+=/&!-./+8!+&'8/56/*!6)6'/>-+<+(+-O!-:!5*=/86/!/;;/'-6!5&*!-./!'.5&,/!+&!-./!</&/;+-6!-:!.587!85-+:!

5'8:66!>.O6+:(:,+'5(!5&*!':,&+-+=/!*/'(+&/H!1!7/*+'5-+:&!8/=+/B!5&*!*/7/&-+5!5&&)5(!8/=+/B!75O!

</!/&.5&'/*!B+-.!-./!6)>>:8-!:;!,)+*/(+&/6!-:!*/>8/6'8+< / !+&!>8+758O!'58/!5&*!>8/=+:)6!8/6/58'.!

6),,/6-6!-.5-!>5-+/&-6!'5&!5(6:!</!/*)'5-/*!5<:)-!-./!:>-+:&6!;:8!*/>8/6'8+<+&,H!])8-./8!8/6/58'.!

+6!&//*/*!-:!)&*/86-5&*!-./!+7>5'-!:;!*/>8/6'8+<+&,!,)+*/(+&/6!5&*!/*)'5-+:&!:&!>/:>(/!B+-.!

*/7/&-+5!5&*!-./+8!'58/86H!!

!



!

!

!

""#
!

!

!"#$%&'() ''*+,&-'./'01,&%2&1'3&456"+$%5-'*+,&-'701,&%2&1'8'9&:;51'.<=(>'01,&%2&1>'.<<?@'+A'4&5-B4'2&%6"C&'$2&D'*+,&-'E/'01,&%2&1';+,&-'5FF-"&,'B+'A"1,"1#2'A%+;'2C+F"1#'%&6"&:>'
G!0H'II'51,'GJKL'C+4+%B2>'$1,&%2B51,"1#'B4&'$2&'+A'F+B&1B"5--M'"15FF%+F%"5B&';&,"C5B"+1'"1'F&+F-&':"B4',&;&1B"5D'



 

228 

 

8.09 Potentially ‘inappropriate’ medicines  

Whilst the medications included in the analyses for these studies and those which are also 

included in prescribing criteria such as Beers and STOPP are considered potentially inappropriate, 

it is also important to recognise that these medications are often prescribed appropriately, with 

careful consideration of both benefits and harms. The results suggested that a medication review 

was associated with an increase in the odds of starting anticholinergics, antipsychotics and 

tricyclic antidepressants, which suggests that there were considerations accounted for in the 

review which continued to lead to the prescription of these PIMs in people with dementia. 

Nevertheless, it is difficult to ascertain the nuances associated with prescribing decisions from 

routinely collected observational data.  

The careful consideration of patient and practice level effects accounted for in the multivariate 

analyses can only go so far in understanding the within patient and within practice variation in 

prescribing practices. In addition, where the results have also corroborated with other studies in 

identifying increased prescription of PIMs in care homes, this could reflect greater disease and 

symptom severity in this population. Antipsychotics, for example, may be prescribed to people 

with dementia where behavioural symptoms are severe and distressing, and in care homes a 

prescription of antipsychotics may be prescribed to be used ‘as needed’. What we cannot 

ascertain from these findings is how often an antipsychotic is actually used.  

It is not the position of this thesis to argue that all prescriptions of PIMs are inappropriate but 

rather, given the evidence there is a potential for increased risk of harm, to highlight the clinical 

importance of carefully reviewing prescriptions of these medications regularly. The prescription 

choice may be considered appropriate after consideration of benefits and harms, patient and 

carer preferences, beliefs and values. It is important that researchers recognise and do not 

underestimate the care with which prescribing decisions are made.  

 

8.10 Methodological discussion  

My studies have used epidemiologic methods to understand potentially inappropriate medication 

use in people with dementia. Using these methods is a considerable strength particularly in these 

large, population-representative datasets because of the analytical power to investigate potential 

harms, which would be unethical to conduct in a clinical trial. In addition, these methods are able 

to supplement the gaps in the literature into our understanding of the safety of medicines in this 
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population due to exclusion from clinical trials [341]. However, using secondary datasets for these 

analyses has not come without challenges [342].  

Data entry lacked standardisation in some of the CFAS II questions, including the timed Sit-To-

Stand and gait-speed test. Having standardised validation at the point of data entry would 

improve the reliability of the operationalisation of the frailty variable.  

In the CFAS II cohort, the original aim had been to complete the analyses in a sample of people 

with dementia. However, the sample was expanded to include people with severe cognitive 

impairment. A number of factors informed this decision. People without medication data were 

excluded. As were people with severe cognitive impairment, if they did not have a proxy to 

provide medication information. From the potential sample of people with dementia, after the 

inclusion criteria were applied this left a sample that would have been underpowered to detect 

associations. For many reasons throughout the CFAS II interviews the interviewer could skip 

questions. This would often occur when the individual being interviewed was unable to answer 

questions due to cognitive or physical impairment and these participants are more likely to have 

dementia than those able to answer the questions. Cognitive impairment with no dementia is a 

understudied group and it was interesting to observe that in a sample of people with MMSE 

scores equal to or less than 24 points, around 13% had a dementia diagnosis according to the 

CFAS algorithm. Often, MMSE of 24 is applied as marker of severe impairment or dementia and 

this may indicate that the CFAS algorithm used to diagnose dementia may be specific but lack 

some sensitivity in diagnosing dementia.  

 

8.11 Strengths and limitations  

My studies comprised two large, population representative cohorts, providing up-to-date 

estimates of the prevalence of polypharmacy and PIM use amongst people with cognitive 

impairment and dementia in primary care in England. My analyses demonstrated the successful 

application of the Fried frailty phenotype to the CFAS dataset. Through this I was able to uniquely 

examine the association of potentially inappropriate prescribing with adverse outcomes and 

understand the predictive validity of the frailty phenotype. While there are alternative measures 

of frailty that could have been used, applying the frailty phenotype enables the distinction 

between factors that are contributory to frailty. Including the distinction between frailty and 

other impairments that increase older adults vulnerability as they age, such as cognitive 
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impairment or comorbidities. In doing so, my results can be used to understand the predictive 

validity of frailty, compared with cognitive impairment and comorbidity on the outcome. 

Mortality was selected as an outcome measure in my analyses of CFAS II subsample as mortality is 

a valuable indicator of overall health, disease burden and the effectiveness of and access to 

health care. Moreover, mortality as the outcome indicator avoided any loss to-follow up as all 

participants were flagged for notification of death with the Office for National Statistics. Other key 

outcomes such as falls, hospitalisation, care home admission, activities of daily living and quality 

of life are important to patients and would have further strengthened the analysis if these 

outcomes were available in this cohort.  

The PIMs used in my analyses are a specific selection of PIMs that are included in a number of 

criteria, including STOPP and Beers. These PIMs were identified from the scoping review and have 

been recognised as medications which prescribers have requested as priority medications for 

deprescribing guidance to be developed [246], however my finding challenges some assumptions 

regarding their harms. It has been common in previous studies to measure the association of PIMs 

with an outcome from any PIM prescription, from a long list of criteria. Using individual PIMs 

enabled an in-depth understanding of the role of individual PIMs on harms and prescribing in 

primary care rather than a general understanding of the prescription of a number of PIMs 

according to criteria. Benzodiazepines were not included in CPRD analyses and therefore 

estimates of use could not be compared with CFAS. Moreover, future studies would benefit from 

operationalising full PIM criteria to further understand the extent of inappropriate prescribing in 

this population.   

A limitation of my research is that the beliefs, views and opinions of people with dementia, carers 

and prescribers could not be measured in terms of outcomes or predictors. A growing body of 

literature has sought to understand barriers and enablers to addressing PIM in older adults and a 

smaller number of studies in people with dementia which further highlight the complexities 

involved in prescribing. For prescribers, there are many factors that influence the prescription of 

PIMs. This includes awareness (or lack) of the problem and lower perceived value attached to 

ceasing compared to continuing PIMs. In addition, experience and confidence to change 

prescribing, particularly when going against the decisions of another prescriber. The feasibility of 

changing prescriptions without clinical guidelines, alternative therapeutic options and external 

constraints such as limited time and resource also impact self-perceived confidence and ability to 

manage PIMs [335]. While my studies could not measure the perspectives of prescribers, my 

findings did suggest a very small practice-level effect associated with stopping and starting PIMs. 
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This may suggest little variation across practices. However, this approach may not be sensitive 

enough to detect such individualised characteristics that influence prescribing in practice. The 

findings from previous qualitative studies are useful in understanding the multifactorial model 

previously discussed (Figure 30). Prescribing and deprescribing are complex multifactorial 

processes but there are clear opportunities for interventions such as training and clinical guideline 

development to improve prescriber confidence and awareness of PIMs in this population.  

In CPRD analyses, the dose of medication use was not used and in CFAS II this detail was not 

available. Understanding the dose of a prescription may enlighten further understanding of the 

amount of PIM prescription that are associated with potential adverse effects. In CPRD the 

analyses were not designed to ascertain changes in dose of PIM, which may have indicated more 

deprescribing processes, including reducing dose or tapering medicines. Furthermore, 

medications are not always taken as prescribed and non-adherence to medication regimes is 

common. There are many barriers to adherence for patients [93] and cognitive impairment may 

further impede medication management and increase non-adherence in patients with dementia 

[343].  

My findings are based on samples with prevalent medication use and on a population who may 

have been stable on the medications they were prescribed, as opposed to being new users. In 

studies applying a new-user design, where an individual is included in the study at the point at 

which they are first prescribed a medication, results vary compared to prevalent users [344]. 

Prevalent users are more likely to be representative of healthier users, as people who have an 

adverse reaction close to initiation of the drug may not survive or are likely to cease this 

medication due to the adverse reaction to it. Moreover, people who stop a drug or die soon after 

initiation of a drug may be living with greater comorbidity and vulnerability to adverse effects and 

as such these adverse events will not be picked up in the prevalent user sample. However, 

practically introducing a new-user cohort design would not have been feasible with the data 

available from CFAS II interviews as there was no data available on when a prescription was 

initiated or the duration of medication use.  

My CPRD cohort analysis was strengthened by disaggregating the analysis into starting and 

stopping PIMs, rather than investigating the probability of PIM, which was originally considered as 

an approach to the analysis. In doing so, this separates people who are currently prescribed PIM 

from those who are not exposed to each PIM and reflects two important component parts of the 
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prescribing process. Moreover, the process of stopping and starting a medication, whilst occurring 

for different reasons, are both integral in the prescribing process.  

While analyses were well adjusted for comorbidities, cognitive impairment and frailty there 

remains the possibility that a proportion of the observed association between polypharmacy and 

mortality may be biased by residual confounding. It is possible that the comorbidities adjusted for 

did not fully account for indications of prescribed medications. All possible comorbidities were 

adjusted for from the data that was recorded as part of the CFAS II interviews. By also adjusting 

for frailty this improved the analyses by adjusting for increased susceptibility to adverse effects.  

The predominant focus of my analyses has been on the potential for harm associated with use of 

PIMs in people with cognitive impairment and dementia, which may overlook the potential 

benefits. While there is a clearly recognised need to understand the potential for harm in this 

vulnerable population it will also be important to consider the extent of benefits that can be 

accrued. Understanding both the benefits and harms of a medication is integral to prescribing 

decisions and since clinical trials of the efficacy and the safety of medicines will generally exclude 

these vulnerable populations, further research could be beneficial to supporting prescribers. 

Furthermore, for patients and carers, an understanding of the risks compared to the benefits will 

be important in enabling them to be effectively and confidently involved in prescribing decisions.   

My analyses were unable to account for variation according to dementia subtype. It is possible 

that there may have been variation in the outcome from the CFAS II subsample analysis 

associated with dementia sub-type. Previous studies have found that potentially inappropriate 

prescribing can vary according to the sub-type of dementia. People with Lewy-body dementia had 

a higher exposure to PIMs, for example [345] although this may be expected due to common 

symptoms including hallucinations and sleep disturbance. However, although my analyses did not 

account for dementia sub-type the analyses did adjust for cognitive impairment, frailty and living 

situation as useful markers of severity.   
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8.12 Implications  

¥ For clinicians and prescribers, my findings can be used as evidence to inform prescribers 

and increase awareness of the risk of harm associated with polypharmacy and particularly 

hyper-polypharmacy amongst older adults with cognitive impairment. Careful 

consideration should be afforded when making decisions to prescribe to patients with 

cognitive impairment and dementia and current medicines should be regularly reviewed 

in order to reduce unnecessary and potentially inappropriate medicines.  

¥ My findings suggest that while particular caution should be applied when prescribing 

amongst the frailest individuals, even amongst people who are identified as not frail, 

caution should continue to be applied when considering prescribing of additional 

medicines.  

¥ These results can be used to inform the development of prescribing guidelines amongst 

people with severe cognitive impairment and dementia.  

¥ These findings can be used to inform the current national and local initiatives into the 

optimisation of medicines, particularly highlighting the importance of polypharmacy and 

ways to reduce polypharmacy in practice.  

¥ For health service providers, these findings have implications for the future direction of 

the provision of dementia annual reviews. The reviews could provide a key opportunity 

for the ongoing care of the individual and the needs of their carers to be reviewed, 

alongside an opportunity to review and optimise medicines.  

¥ Further research implications include the practical application of a multilevel modelling 

approach to estimate changes in medication use amongst populations that are more likely 

to be excluded from clinical trials, and to detect changes in rarer outcomes from large 

scale datasets.  

¥ Frailty phenotype has been operationalised and the methodological approach detailed in 

publication which can then be replicated for future studies within the CFAS II cohort or as 

an example case for application in different cohort studies [269].  

¥ Importantly, for people with dementia or people caring for someone with dementia, 

these findings can provide support for requesting a medication review and frailty 

assessment, as part of a comprehensive geriatric assessment in order to identify 

opportunities for intervention, including reducing PIMs and polypharmacy. 
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8.13 Suggestions for future research  

My findings improve our understanding of polypharmacy and PIM use in people with dementia, 

however future research is needed to build on these findings. Future studies into the adverse 

effects of PIM in people with dementia should investigate the adverse effects of all medications 

included in STOPP criteria using new-user (incident user) designs in large, representative cohorts 

of electronic health records, such as the CPRD in order to operationalise STOPP fully. Previous 

studies suggest that new-user cohort studies may see different results to prevalent user studies 

[310]. These studies will benefit from matched-controls and an adequate ‘wash-out’ period, when 

the patient is prescribed a drug, however the feasibility of operationalising this for the entire 

STOPP criteria may be challenging.  

Future studies should also evaluate the impact of polypharmacy and PIMs on outcomes other 

than mortality, including outcomes that are identified as important to people with dementia and 

their carers. Outcomes of interest for patients and carers can include risk of falls, hospitalisation, 

and quality of life, impact on activities of daily living, caregiving burden and medication burden. 

The impact of medication management for a person with dementia and their carer requires 

further research, particularly amongst carers who generally become increasingly responsible for 

medication management. Moreover, the impact of interventions to reduce polypharmacy or 

exposure to PIMs should also be evaluated in terms of the impact on patient and carer relevant 

outcomes.  

In light of my findings, future research should assess the effectiveness of a medication review 

included into a dementia annual review. In a trial, the impact of a medication review incorporated 

into the required procedure of a dementia annual review across a cluster of general practices in 

different geographical locations could be used to assess the impact on total number of prescribed 

medications, where my findings identified potential for harm.  

Moreover, further research is required to understand if dementia annual reviews and other pay-

for-performance incentives have a beneficial impact on improved outcomes for patients. The 

fidelity of dementia annual reviews in practice should also be evaluated in order to inform the 

ongoing discussion into the effectiveness of pay-for-performance schemes, particularly on patient 

experience and quality of care provision. 
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8.14 Conclusion  

The older adult population are the largest consumers of medications and are more likely to live 

with comorbidity, disability and frailty. Cognitive impairment and progressive decline in 

functioning as part of ageing also reduces independence and increases dependence on care and 

support from others. The older population is heterogeneous and the results from this thesis have 

also demonstrated important heterogeneity amongst people living with dementia. My findings 

have shown variation in prescribing across the frailty syndrome and care settings. In addition, 

prescribing and deprescribing practices vary. My research findings suggest that consideration of 

the number of medications, rather than specific medication classes may more effectively reduce 

potential adverse outcomes. In primary care, there was some evidence to suggest that prescribing 

practices around PIMs are well managed when medications are reviewed. Incorporating a 

medication review into the dementia annual review may improve standardisation of medicines 

management across this heterogeneous population. This may then improve quality prescribing, 

reduce medication burden, provide regular opportunity for medication review and to discuss 

opportunities for deprescribing when possible. However, given around half of people with 

dementia in primary care received a dementia annual review and the increasing dismay at the 

application of pay-for-performance schemes in primary care, adding additional work to the 

already sparsely applied dementia annual review could have counterproductive effects.  

Optimising medications in people with dementia requires a carefully considered and holistic 

approach. Patients with dementia and their carers should feel able to have their perceived needs, 

preferences and values accounted for. Prescribers may be aware of the potential for adverse 

effects associated with potentially inappropriate prescribing but will be enabled through 

evidence-based guidance to recognise the evaluated need and support for safe and effective 

prescribing and deprescribing. While prescribing in people with dementia can be challenging due 

to the complexities and diversities of symptoms, comorbidities, disability and frailty, it is a mark of 

the quality of the care provided to people with dementia how medications are optimised, just as 

it is the mark of a civilised society how we aim to treat those who are most vulnerable. 
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X. Appendices 

10.01 Appendix 1: Preferred Reporting Items for Systematic reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist 

SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE # 

TITLE 
Title 1 Identify the report as a scoping review. 36 

ABSTRACT 

Structured 
summary 2 

Provide a structured summary that includes (as 
applicable): background, objectives, eligibility 
criteria, sources of evidence, charting methods, 
results, and conclusions that relate to the review 
questions and objectives. 

n/a within 
thesis 
chapter  

INTRODUCTION 

Rationale 3 

Describe the rationale for the review in the 
context of what is already known. Explain why 
the review questions/objectives lend themselves 
to a scoping review approach. 

36 

Objectives 4 

Provide an explicit statement of the questions 
and objectives being addressed with reference to 
their key elements (e.g., population or 
participants, concepts, and context) or other 
relevant key elements used to conceptualize the 
review questions and/or objectives. 

36 

METHODS 

Protocol and 
registration 5 

Indicate whether a review protocol exists; state if 
and where it can be accessed (e.g., a Web 
address); and if available, provide registration 
information, including the registration number. 

-  

Eligibility criteria 6 

Specify characteristics of the sources of 
evidence used as eligibility criteria (e.g., years 
considered, language, and publication status), 
and provide a rationale. 

40 

Information 
sources* 7 

Describe all information sources in the search 
(e.g., databases with dates of coverage and 
contact with authors to identify additional 
sources), as well as the date the most recent 
search was executed. 

40 

Search 8 
Present the full electronic search strategy for at 
least 1 database, including any limits used, such 
that it could be repeated. 

Appendix 2 

Selection of 
sources of 
evidence† 

9 
State the process for selecting sources of 
evidence (i.e., screening and eligibility) included 
in the scoping review. 

40 

Data charting 
process‡ 10 

Describe the methods of charting data from the 
included sources of evidence (e.g., calibrated 
forms or forms that have been tested by the 
team before their use, and whether data charting 
was done independently or in duplicate) and any 
processes for obtaining and confirming data from 
investigators. 

40 

Data items 11 
List and define all variables for which data were 
sought and any assumptions and simplifications 
made. 

40-41 
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SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 
ON PAGE # 

Critical appraisal 
of individual 
sources of 
evidence§ 

12 

If done, provide a rationale for conducting a 
critical appraisal of included sources of evidence; 
describe the methods used and how this 
information was used in any data synthesis (if 
appropriate). 

-  

Synthesis of 
results 13 Describe the methods of handling and 

summarizing the data that were charted. 43 

RESULTS 
Selection of 
sources of 
evidence 

14 

Give numbers of sources of evidence screened, 
assessed for eligibility, and included in the 
review, with reasons for exclusions at each 
stage, ideally using a flow diagram. 

44-45 

Characteristics of 
sources of 
evidence 

15 
For each source of evidence, present 
characteristics for which data were charted and 
provide the citations. 

46 

Critical appraisal 
within sources of 
evidence 

16 If done, present data on critical appraisal of 
included sources of evidence (see item 12). -  

Results of 
individual sources 
of evidence 

17 
For each included source of evidence, present 
the relevant data that were charted that relate to 
the review questions and objectives. 

48 
Appendix 3 

Synthesis of 
results 18 

Summarize and/or present the charting results 
as they relate to the review questions and 
objectives. 

51-53 

DISCUSSION 

Summary of 
evidence 19 

Summarize the main results (including an 
overview of concepts, themes, and types of 
evidence available), link to the review questions 
and objectives, and consider the relevance to 
key groups. 

53-69 

Limitations 20 Discuss the limitations of the scoping review 
process.! 70 

Conclusions 21 

Provide a general interpretation of the results 
with respect to the review questions and 
objectives, as well as potential implications 
and/or next steps. 

71 

FUNDING 

Funding 22 

Describe sources of funding for the included 
sources of evidence, as well as sources of 
funding for the scoping review. Describe the role 
of the funders of the scoping review. 

n/a 

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for Systematic reviews and Meta-
Analyses extension for Scoping Reviews. 
* Where !"#$%&!'"('&)*+&,%& (see second footnote) are compiled from, such as bibliographic databases, 
social media platforms, and Web sites. 
† A more inclusive/heterogeneous term used to account for the different types of evidence or data sources 
(e.g., quantitative and/or qualitative research, expert opinion, and policy documents) that may be eligible in a 
scoping review as opposed to only studies. This is not to be confused with *,("$-./*",'!"#$%&!  (see first 
footnote). 
‡ The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the JBI guidance (4, 5) refer 
to the process of data extraction in a scoping review as data charting0 
§'The process of systematically examining research evidence to assess its validity, results, and relevance 
before using it to inform a decision. This term is used for items 12 and 19 instead of "risk of bias" (which is 
more applicable to systematic reviews of interventions) to include and acknowledge the various sources of 
evidence that may be used in a scoping review (e.g., quantitative and/or qualitative research, expert opinion, 
and policy document). 

1$"-2  Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews 
(PRISMA-ScR): Checklist and Explanation. Ann Intern Med. ;169:467–473. doi: 10.7326/M18-0850 
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10.02 Appendix 2: Search terms used in literature review  

!"#$%&'( &!"#$%&)*&+%",-.&/%,0+&1+%2&"-,)++&/.,%%&2"/"#"+%+&*),&/.%&$3/%,"/1,%&,%43%5&

Database 
Searched  

Search Terms  

Cochrane  #1 MeSH descriptor: [Polypharmacy]  
#2 MeSH descriptor: [Inappropriate Prescribing]  
#3 MeSH descriptor: [Potentially Inappropriate Medication List]  
#4 MeSH descriptor: [Medication Errors]  
#5 polypharma*:ti,ab  
#6 ((concomitant* or concurrent* or inappropriat* or appropriat* or 
suboptim* or sub-optim* or unnecessary or incorrect* or excess* or multip* or 
inadvert* or discontinu*) near/1 (medicine* or medicat* or prescrib* or 
prescription* or drug*)):ti,ab  
#7 ((over near/1 (prescrib* or prescript*)) or (over-prescrib* or 
overprescrib*) or ("or more" near/1 (medication* or prescrib* or 
prescript*))):ti,ab  
#8 ((under near/1 prescrib*) or underprescrib* or under-prescrib*):ti,ab  
#9 (stopp criter* or stopp list?).ti,ab.  
#10 ((forta or rasp or priscus) adj3 (criter* or list? or instrument)).ti,ab.  
#11 (stopp frail criter* or stopp frail list?).ti,ab.  
#12 ("fit for the aged" adj3 (criter* or list? or instrument or classif*)).ti,ab  
#13 "medication appropriateness index*".ti,ab.  
#14 ((beer* or shan? or mcleod?) adj3 criter*).ti,ab.  
#15 (acb criter* or acb scale or "anticholinergic cognitive burden scale" )  
#16 {or #1-#15}  
#17 MeSH descriptor: [Geriatrics] explode all trees  
#18 (elder* or geriatric*):ti,ab  
#19 ((old* or aged) near/1 (person* or adult* or people or patient* or 
inpatient* or outpatient*)):ti,ab  
#20 {or #17-#19}  
#21 #16 and #20  
#22 (dement* or Alzheimer*)  
#23 MeSH descriptor: [Dementia] explode all trees  
#24 {or #22-#23}  
#25 #16 and #24  
#26 #21 or #25  
 

Medline 
(EBSCO)  

((MH "Polypharmacy+") or  (MH "Potentially Inappropriate Medication List") or 
(MH "Inappropriate Prescribing") or (MH "Medication Errors+") or (stopp criter* 
or stopp list*) or ((forta or rasp or priscus) (criter* or list? or instrument)) or (("fit 
for the aged" (criter* or list? or instrument or classif*)) or ((beers criter*) or 
(beers list*)) or  ((mcleod criter*) or (mcleod list*))) AND (old* or age* or elder* 
or geriatric*) 
 
((MH "Polypharmacy+") or  (MH "Potentially Inappropriate Medication List") or 
(MH "Inappropriate Prescribing") or (MH "Medication Errors+") or (stopp criter* 
or stopp list*) or ((forta or rasp or priscus) (criter* or list? or instrument)) or (("fit 
for the aged" (criter* or list? or instrument or classif*)) or ((beers criter*) or 
(beers list*)) or  ((mcleod criter*) or (mcleod list*)))  AND (MH "Dementia") OR 



 

265 

 

(MH "Frontotemporal Dementia") OR (MH "Dementia, Vascular") OR (MH 
"Dementia, Multi-Infarct") OR (MH "AIDS Dementia Complex") OR (MH 
"Alzheimer Disease") OR (MH "Lewy Body Disease") 
 
((MH "Polypharmacy+") or  (MH "Potentially Inappropriate Medication List") or 
(MH "Inappropriate Prescribing") or (MH "Medication Errors+") or (stopp criter* 
or stopp list*) or ((forta or rasp or priscus) (criter* or list? or instrument)) or (("fit 
for the aged" (criter* or list? or instrument or classif*)) or ((beers criter*) or 
(beers list*)) or  ((mcleod criter*) or (mcleod list*))) AND (dementia or alzheimers 
or vascular dementia or lewy body or frontotemporal) 
 

Embase 
(OVID)  

(polypharmacy* or "potentially inappropriate prescr*" or "inappropriate 
prescr*").ab. polypharmacy.mp. or exp polypharmacy/ inappropriate 
prescribing.mp. or exp inappropriate prescribing/ or exp elderly care/ 
prescription.mp. or exp prescription/ exp drug safety/ or exp medication error/ 
old.mp. or exp aging/ geriatric.mp. or geriatrics/ geriatric.mp. or exp geriatrics/ 
stopp criteria.mp. "(stopp criter* or stopp list*) or ((forta or rasp or priscus) 
(criter* or list* or instrument)) transformed to (stopp criter* or stopp list*) or 
((forta or rasp or priscus) (criter* or list* or instrument))".af. (stopp criter* or 
stopp list*).af.  
(forta criteria list* or rasp criteria* list* or priscus criteria* list*).af. (forta or "fit 
for the aged").af. ("beers criter*" or "beers list*").af. ("mcleod criter*" or 
"mcleod list*").af. exp Alzheimer disease/ or demenita.mp. or exp dementia/ 
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/54&&)(&)/4+*!6)78!7-*=!!!!
!

!
3%*+$6S"$&(-#($+E'((
?@ABJDE(
F+6->($6*+#,'(2"H-6(
,-##"&.((

$04'74+*!456!-7::4)/>*!+,*!+,*()*+/.4'!456!&)4.+/.4'!4-&*.+-!(1!@)78!G7)6*5!
D56*%!L@GDNA!+,*!*11*.+!(1!45+/.,('/5*)8/.!456!-*64+/0*!:*6/.4+/(5-!/5!('6*)!
467'+-A!6/-.7--!*0/6*5.*!-7&&()+/58!7+/'/-4+/(5!/5!&)4.+/.*!456!.(:&4)*-!@GD!
</+,!(+,*)!&,4):4.('(8/.4''9!6*0*'(&*6!:(6*'-!:*4-7)/58!45+/.,('/5*)8/.!()!
-*64+/0*!*%&(-7)*!/5!('6*)!467'+-!
!

¥! O,*!@)78!G7)6*5!D56*%!/-!4!:*+,(6!7-*6!+(!/6*5+/19!45+/.,('/5*)8/.!456!-*64+/0*!6)78!;7)6*5A!+,*!@GD!,4-!;**5!
4--(./4+*6!</+,!&(()*)!&,9-/.4'!175.+/(5A!14''-A!1)4/'+9A!,(-&/+4'/-4+/(5!456!:()+4'/+9=!!

3>%.->(-#($+E'(?@ABODE(
M-2-&#"$'(&*>,"&.(
9%2-((

D6*5+/19!.4+*8()/*-!(1!4&&)(&)/4+*5*--!1()!:*6/.4+/(5-!4-!<*''!4-!-7..*--17'!
/5+*)0*5+/(5-!()!*'*:*5+-!(1!+(!/:&)(0*!:*6/.4+/(5!7-*!/5!57)-/58!,(:*!
)*-/6*5+-!</+,!-*0*)*!6*:*5+/4A!-7/+4;'*!1()!7-*!/5!_45464=!

¥! D5.'76/58!,*4'+,.4)*!&)(1*--/(54'-!/-!/:& ()+45+!1()!/:&)(0/58!:*6/.4+/(5!7-*!4:(58!57)-/58!,(:*!)*-/6*5+-!</+,!
-*0*)*!6*:*5+/4! !

¥! D5+*)0*5+/(5-!-,(7'6!/5.'76*!*67.4+/(5A!:*6/.4+/(5!)*0/*<!()!:7'+/6/-./&'/54)9!+*4:<()K=!!
¥! $0/6*5.*!1()!(7+.(:*-!(+,*)!+,4+!4&&)(&)/4+*!&)*-.)/;/58!/-!:/%*6!456!/+!/-!75.'*4)!<,4+!+,*!/:&4.+!/-!(5!C74'/+9!(1!

'/1*=!!
!

W-04(-#($+E'(?@ABADE(
F+6->($6*+#,'(2"H-6((

O(!&)(0/6*!4!.(:&4)4+/0*!(0*)0/*<!(1!*%&'/./+!.)/+*)/4!+,4+!,40*!;**5!
6*0*'(&*6!-/5.*!"XXZ!1()!/54&&)(&)/4+*!&)*-.)/;/58!456!+(!.(5+)4-+!+,*-*!
5*<*)!.)/+*)/4!</+,!G**)-!"XXZ!.)/+*)/4!

¥! _)/+*)/4!6*0*'(&*6!-/5.*!"XXZ!/5.'76*!G**)-A!+,*!R)*5.,!_(5-*5-7-!345*'!'/-+A!BOP33QBOMHOA!+,*!M7-+)4'/45!
3)*-.)/;/58!D56/.4+()-!+(('!456!+,*!V()<*8/45!2*5*)4'!3)4.+/.*!_)/+*)/4=!!

¥! E()*!)*.*5+!.)/+*)/4!(11*)!/:&)(0*:*5+-!(5!G**)-A!/5.'76/58!4)(756!6)78 ?6)78!/5+*)4.+/(5-A!&)*-.)/;/58!(:/--/(5-!
456!</6*)!4&&'/.4+/(5A!</+,!BOP33QBOMHO!-,(</58!/:&)(0*:*5+-!/5!+,*!4&&'/.4+/(5!(1!.)/+*)/4!:()*!</6*'9=!!

!
!

X$#$&%0"L(-#($+E'(
?@AB@DE(
F+6->($6*+#,'(2"H-6((

O(!)*0/*<!456!.)/+/.4''9!*04'74+*!404/'4;'*!&)(+(.('-!1()!6*+*.+/58!3DE-!/5!+,*!
*'6*)'9!456!-7::4)/>*!+,*-*!/5+(!4!5*<! .(:&)*,*5-/0*!456!</6*'9!4&&'/.4;'*!
&)(+(.(' !
!
!

¥! E459!-+)4+*8/*-!4)*!+,*)*!+(!/:&)(0*!6)78!&)*-.)/;/58!/5!('6*)!467'+-A!<,(!4)*!4+!8)*4+*)!)/-K!(1!460*)-*!*11*.+-=!!

X%>"&(-#($+E'(?@ABCD(
F+6->($6*+#,'(&*>,"&.(
9%2-((

O(!-9-+*:4+/.4''9!)*0/*<!+,*!&)*04'*5.*!(1!&(+*5+/4''9!/54&&)(&)/4+*!
:*6/.4+/(5!7-*!/5!57)-/58!,(:*!)*-/6*5+- !

¥! 3(('*6!&(/5+!&)*04'*5.*!*-+/:4+*-!<*)*!]Z="\!LaT\!_D!ZS=Z\ ?]a=Y\N!/5!57)-/58!,(:*- !
¥! 3)*04'*5.*!/5.)*4-*6!1)(:!ZX\!/5!-+76/*-!1)(:!YaaX ?Yaaa!+(!]a=`\!/5!-+76/*-!.(567.+*6!41+*)!"XXT=!!
¥! 3)*04'*5.*!<4-!,/8,*)!/5!$7)(&*45!.(75+)/*-!.(:&4)*6!+(!V()+,!M:*)/.4=! !
¥! O,*!+(+4'!57:;*)!(1!&)*-.)/;*6!:*6/.4+/(5-!<4-!.(5-/-+*5+'9!)*&()+*6!4-!+,*!:4/5!6)/0 /58!14.+()!1()!3DE!7-*=!!
!

X%##->(-#($+E'(?@ABYDE(
F+6->($6*+#,'(2"H-6((

O(!&)(0/6*!-7::4)/*-!456!.(:&4)/-(5-!(1!04'/64+*6!3DE-!'/-+-!&7;'/-,*6!
;*+<**5!YaaY!456!"XYS!456!-7::4)/>*!+,*!:*6/.4+/(5-!456!6)78 ?6/-*4-*!456!
6)78?6)78!/5+*)4.+/(5-!'/-+*6!/5!6/11*)*5+!3DE!'/-+-!
!

¥! M&&)(4.,*-!+(!/6*5+/19!3DE!,40*!/5.)*4-*6!L(0*)!Z#!6/11*)*5+!3DE!.)/+*)/4N!,(<*0*)!+,*)*!<4-!'/:/+*6!(0*)'4&!
;*+<**5!+,*!6/11*)*5+!3DE!'/-+-!456!-(:*!6(!5(+!&)(0/6*!.(5-/6*)4+/(5-!(1!7-*!()!4'+*)54+/0*!+,*)4&/*-!+(!7-*=!!!

!

X*9+$G8(-#($+E'(
?@ABQDE(
F+6->($6*+#,'(2"H-6((

O(!/6*5+/19A!*04'74+*!456!:*+4?454'9-*!.(,()+!-+76/*-!)*&()+/58!+,*!
4--(./4+/(5!(1!3DE!/5+4K*!</+,!:()+4'/+9!456!.4)6/(04-.7'4)!*0*5+-!

¥! I,*5!)*-+)/.+*6!+(!5*<!7-*)!6*-/85-A!+,*!4--(./4+/(5!;*+<**5!3DE!7-*!456!:()+4'/+9!<4-!-+4+/-+/.4''9!-/85/1/.45+!LHH!
Y=Ta!aT\!_D!Y=]T?Y=STN=!!

¥! P5*!-+769!1(.7-*6!(5!.4)6/(04-.7'4)!*0*5+-!456!+,*)*!<4-!5(!-/85/1/.45+!4--(./4+/(5!
!

F)%&6%(-#($+E'(
?@AB@DE(

O(!C745+/19!+,*!*%+*5+!(1!/54&&)(&)/4+*!&)*-.)/&+/(5!+(!*'6*)'9!&*)-(5-!/5!+,*!
&)/:4)9!.4)*!-*++/58!

¥! M)(756!YQT!&)*-.)/&+/(5-!+(!*'6*)'9!&)/:4)9!.4)*!/-!/54&&)(&)/4+*A!6*-&/+*!+,*!4++*5+/(5!+(!C74'/+9!(1!&)*-.)/;/58=!!



!

!

!

"#a
!

!"#$#"%&'()%)*+$#"%&'(
,-##"&.((((

/-0"-1($"2, ( 3-4(5"&6"&.,((

F+6->($6*+#,'(
)>"2$>4(G$>-((

!
!
!

VZ>-[<;%0->(-#($+E'(
?@ABYDE(
F+6->($6*+#,'(2"H-6((

H*0/*<!&7;'/-,*6!'/+*)4+7)*!(5!+,*!/54&&)(&)/4+*!7-*!(1!:*6/./5*-!456!+(!
4)+/.7'4+*!)*.(::*564+/(5-!(5!,(<!+(!)*67.*!/+!/5!.,)(5/.!&4+/*5+-A!
&4)+/.7'4)'9!+,(-*!<,(!4)*!*'6*)'9A!&('9?:*6/.4+/(5!()!:7'+/ ?&4+,('(8/.4'=!
!

¥! E(-+!('6*)!467'+-!+4K*!T!()!:()*!:*6/.4+/(5-!64/'9! !
¥! P'6*)!&*(&'*!</+,!&('9&,4):4. 9!4)*!4+!4!8)*4+*)!)/-K!(1!:*6/.4+/(5!*))()!
¥! O(('-!.45!;*!7-*6!+(!)*67.*!&)*-.)/;/58!*))()-=! !
!

V->%&(-#($+E'(?@ABBDE(
F+6->($6*+#,'(2"H-6((

O(!.)/+/.4''9!)*0/*<!4)+/.'*-!+,4+!,40*!*%4:/5*6!+,*!)*'4+/(5-,/&!;*+<**5!
:*6/.4+/(5!7-*!456!175.+/(54'!-+4+7-!6*.'/5*!/5!+,*!*'6*)'9=!
!
!

¥! V(!)*'4+/(5-,/&!;*+<**5!G**)-!.)/+*)/4!456!175.+/(54'!-+4+7-!!
¥! 3('9&,4):4.9!<4-!4--(./4+*6!</+,!175.+/(54'!-+4+7-!6*.'/5*=!

/-6,#%&(-#($+E'(
?@ABYD(
F+6->($6*+#,(1"#9(
$&6(1"#9%*#(
G%.&"#"0-(
"2)$">2-&#((

O(!C745+/19!456!.(:&4)*!+,*!&)*04'*5.*!(1!3DE-!/5!('6*)!/5&4+/*5+-!</+,!456!
</+,(7+!.(85/+/0*!/:&4/):*5+=!

¥! b/8,!&)*04'*5.*!(1!3DE-!/5!('6*)!/5&4+/*5+-!</+,!456!</+,(7+!.(85/+/0*!/:&4/):*5+!!
!

/%6>".*-,(-#(
$+E'?@ABCDE(
F+6->($6*+#,'(2"H-6((

+(!/6*5+/19!456!-7::4)/>*!-+76/*-!*%4:/5/58!;(+,!6)78?6)78!/5+*)4.+/(5-!456!
460*)-*!6)78!)*4.+/(5-!/5!('6*)!&('9?:*6/.4+*6!467'+- !
!
!

¥! 3('9&,4):4.9!/-!:7'+/14.+()/4'!456!/-!4--(./4+*6!</+,!5*84+/0*!,*4'+,!(7+.(:*-A!6)78 ?6/-*4-*!/5+*)4.+/(5-!456!
460*)-*!6)78!)*4.+/(5-=!!

!

\$+$9*6--&(-#($+E'((
?@ABODE(
F+6->($6*+#,(

O(!.(:&4)*!45+/.,('/5*)8/.!;7)6*5!C745+/1/*6!;9!+,*!45+/.,('/5*)8/.!)/-K!-.4'* -!
456!*04'74+*!4--(./4+/(5-!</+,!460*)-*!(7+.(:*-!/5!('6*)!&*(&'*= !

¥! O,*)*!<*)*!S!*%&*)+?;4-*6!45+/.,('/5*)8/.!)4+/58!-.4'*-!/6*5+/1/*6A!M_G!-.4'*!<4-!+,*!:(-+!1)*C7*5+'9!04'/64+*6!-.4'*!
1()!460*)-*!(7+.(:*-=! !

¥! _(,()+!-+76/*-!-,(<!+,4+!,/8,*)!45+/.,('/5*)8/.! ;7)6*5!/-!4--(./4+*6!</+,!5*84+/0*!;)4/5!*11*.+-A!&(()*)!.(85/+/0*!456!
175.+/(54'!(7+.(:*-=! !

¥! H4+/58!(1!45+/.,('/5*)8/.!4.+/0/+9!1()!:*6/./5*-!<4-!5(+!.(5-/-+*5+!4.)(--!-.4'*-=!
!

\$&#%,(-#($+'E(?@ABODE(((
F+6->($6*+#,'(2"H-6((

M--*--!+,*!+(('-!7-*6!+(! 6*+*.+!3DE-!/5!04)/(7-!-+76/*-!456!+(!6*+*):/5*!
<,/.,!+*):-!4)*!7-*6!+(!)*1*)!+(!&(+*5+/4''9!/54&&)(&)/4+*!6)78!+,*)4&9!/5!
&)4.+/.*=!
!
!

¥! G**)-!.)/+*)/4!<4-!+,*!:(-+!.(::(5'9!7-*6!456!+,*)*!<*)*!:()*!+,45!TX!6/11*)*5+!+*):-!7-*6!+(!/6*5+/19!&(+*5+/4''9!
/54&&)(&)/4+*!6)78!+,*)4&9=!O,*)*!<4-!5(!.(5-*5-7-!1()!4!+*):!7-*6!+(!6*-.)/;*!+,/-=!

\8"&&->(?@ABODE(
F+6->($6*+#,'(
)>"2$>4(G$>-((

O(!.)/+/.4''9!*04'74+*!*0/6*5.*?;4-*6!&)(+(.('-!(5!&('9&,4):4.9!/5!*'6*)'9!
&4+/*5+-!/5!&)/:4)9!.4)*=!

¥! V(!-+4564)6/>*6!&)(+(.('!1()!466)*--/58!&('9&,4):4.9!/5!&)/:4)9!.4)*!<4-!1(756!4'+,(78,!+,*)*!<*)*!4!)458*!(1!
&)4.+/.*!87/6*'/5*-A!4'8()/+,:-!456!.'/5/.4'!-+)4+*8/*-!+,4+!<*)*!*:&'(9*6!4.)(--!04)/(7-!-*++/58-=!
!

\#%>2,(-#($+'E(?@ABQD(
F+6->($6*+#,'(G$>-(
9%2-(

4--*--!+,*!&)* 04'*5.*!(1!/54&&)(&)/4+*!:*6/.4+/(5!7-*!/5!)*-/6*5+/4'!'(58?+*):!
.4)*!14./'/+/*-!
!
!
!

¥! G**)-!456!BOP33!<*)*!:(-+!1)*C7*5+'9!7-*6!+(!6*+*):/5*!3DE!/5!'(58?+*):!.4)*!14./'/+/*-A!&)*04'*5.*!04)/*6!
6*&*56/58!(5!+,*!.)/+*)/4!7-*6!456!+,*!-+769=!

T%22-+-"&'(-#($+'E(
?@ABODE(((

O(!6*+*):/5*!&)*04'*5.*!456!+9&*!(1!3DE!/5!.(::75/+9!6<*''/58!('6*)!&*(&'*!
4.)(--!$7)(&*!4-!<*''!4-!/6*5+/19/58!)/-K!14.+()-!1()!3DE=!

¥! YQT!('6*)!467'+-!4)*!*%&(-*6!+(!3DE!/5!$7)(&*!L(0*)4''!<*/8,+*6!&)*04'*5.*!""=#\N=!!
¥! 3)*04'*5.*!<4-!04)/*6!</+,!04)/(7-!.)/+*)/4!+,4+!4)*!7-*6!4.)(--!-+76/*-=!!



!

!

!

"S
X!

!"#$#"%&'()%)*+$#"%&'(
,-##"&.((((

/-0"-1($"2, ( 3-4(5"&6"&.,((

F+6->($6*+#,'(
G%22*&"#4((

¥! 3('9&,4):4.9A!'(<!175.+/(54'!-+4+7-A!6*&)*--/(5A!*.(5(:/.!-/+74+/(5A!.(:();/6/+9!456!)*67.*6!.(85/+/(5!4)*!
4--(./4+*6!</+,!,/8,*)!)/-K!(1!3DE=!M8*!<4-!4--(./4+*6!/5!4)(756!,4'1!(1!-+76/*-!+,4+!/50*-+/84+*6!48*!4-!4!)/-K!14.+()!
1()!3DE=!
!

]"++$+^$<X%>-&%'(-#(
$+E'(?@ABCD(
F+6->($6*+#,'(2"H-6((

+(!/6*5+/19!45+/.,('/5*)8/.!-.4'*-!6*-.)/;*6!/5!+,*!'/+*)4+7)*!+,4+!4)*!4&&'/.4;'*!
+(!&('9&4+,('(8/.4'!&4+/*5+-!456!454'9-*!+,*/)!.'/5/.4'!(7+.(:*- !

¥! YX!-.4'*-!<*)*!/6*5+/1/*6A!*%&(-7)*!+(!45+/.,('/5*)8/.-!<4-!'/5K*6!+(!.(85/+/0*!6/-()6*)-!;7+!+,*!*0/6*5.*!4--(./4+*6!
</+,!:()+4'/+9!<4-!5(+!.'*4)=!

!
!

=$&.(-#($+'E(?@ABYDE(
F+6->($6*+#,'(G$>-(
9%2-((

O(!-9-+*:4+/.4''9!)*0/*<!+,*!4--(./ 4+/(5!;*+<**5!:*6/.4+/(5!()!&)*-.)/;/58!
&4++*)5-!456!,(-&/+4'/>4+/(5-!1)(:!'(58?+*):!.4)*!14./'/+/*-=!

¥! D5!.4)*!,(:*-A!&('9&,4):4.9!456!3DE!<*)*!.(5-/-+*5+'9!4--(./4+*6!</+,!/5.)*4-*6!,(-&/+4'!46:/--/(5 !
!

!

!



!

!

!

"S
Y!

<7=! >678',0:,2'3*'49,0:,*(5'23'(5*0(,95;)*'9,*(/8;)'),*(,5B',9/0&*(1,2'3*'4, ,

!"#$%&': &!"#$%&()&*%+,%-/&()&,07%*+%07,(0&/761,%/&,05$61%1&,0&78%&/5(9,04&*%+,%-&

/-0"-1,(%5("&#->0-&#"%&,(!

_*#9%>,(?4-$>D((( T4)-,(%5(
,#*6"-,(
"&G+*6-6((

V%)*+$#"%&'(
\-##"&.((

!" ,#*6"-,(
?)$>#"G")$&#,D((((

/-0"-1($"2, ( T4)-,(%5("&#->0-&#"%&,(( 3-4(5"&6"&.,((

_++6>-6(-#($+E'(
?@ABCD(

H_O-!! P'6*)!467'+-A!
.4)*!,(:*! !

Y"!LYXAaTZN!! $04'74+*!*0/6*5.*!1()!/5+*)0*5+/(5-!+(!466)*--!
-7;(&+/:4'!&)*-.)/;/58!/5!.4)*!,(:*-!+(!/6*5+/19!,(<!
.4)*!.45!;*!/:&)(0*6!/5!+,/-!1)4/'!456!07'5*)4;'*!
&(&7'4+/(5=!

¥! E*6/.4+/(5!)*0/*<! !
¥! E7'+/14.*+*6!/5+*)0*5+/(5-A!/5.'76/58!

*67.4+/(5!(1!.4)*!,(:*!-+411A!.'/5/.4'!
6*./-/(5!-7&&()+!+*.,5('(89A!:7'+/ ?
6/-./&'/54)9!.4-*!.(51*)*5.*-A!&,4):4./-+!
:*6/.4+/(5!)*0/*< !

o! D5!.4)*!,(:*-A!:*6/.4+/(5!)*0/*<!:49!/:&)(0*!:*6/.4+/(5!4&&)(&)/4+*5*--!456!+,*!
/6*5+/1/.4+/(5!456!)*-('7+/(5!(1!:*6/.4+/(5!)*'4+*6!&)(;'*:-=! !

o! O,*)*!<4-!5(!*0/6*5.*!(1!45!*11*.+!(1!/5+*)0*5+/(5-!(5!:()+4'/+9!456!460*)-*!6)78!
*0*5+-=!!

o! U5.*)+4/5!<,*+,*)!:*6/.4+/(5!)*0/*<!/:&)(0*6!,(-&/+4'!46:/--/(5-!()!C74'/+9!(1!'/1*=! !
o! H(;7-+!.(5.'7-/(5-!.(7'6!5(+!;*!6)4<5!67*!+(!+,*!C74'/+9!(1!+,*!*0/6*5.*=!!

!9>",#-&,-&(:(
W*&69(?@ABCD((

H_O-! P'6*)!467'+-!! YX!LZATSTN!! $04'74+*!<,*+,*)!4!:*6/.4+/(5!)*0/*<!'*46-!+(!
/:&)(0*:*5+!/5!,*4'+,!(7+.(:*-!(1!,(-&/+4'/-*6!467'+!
&4+/*5+-!.(:&4)*6!</+,!-+4564)6!.4)*=!
!

¥! E*6/.4+/(5!)*0/*<!/5!,(-&/+4'!-*++/58!! o! D5!,(-&/+4'-A!+,*)*!<4-!5(!*0/6*5.*!+,4+!:*6/.4+/(5!)*0/*<!)*67.*6!:()+4'/+9!()!
,(-&/+4'!)*46:/--/(5- !

o! B(:*!*0/6*5.*!+,4+!:*6/.4+/(5!)*0/*<!:49!)*67.*!+,*!57:;*)!(1!*:*)8*5.9!
6*&4)+:*5+!.(5+4.+-!.(:&4)*6!</+,!-+4564)6!.4)*=!!

!+4&-(-#($+E'(
?@AB@D(

H_O-A!.'7-+*)!
H_O-A!.(,()+!
-+76/*-A!
/5+*))7&+*6!
+/:*!-*)/*- !

P'6*)!467'+-A!
4:;7'4+()9!
.4)*A!57)-/58!
,(:*A!
,(-&/+4'!!

Y]! O(!/6*5+/19!-+76/*-!(5!+,*!*11*.+/0*5*--!(1!4--/-+/0*!
&)*-.)/;/58!+*.,5('(8/*-!1()!('6*)!&*(&'*=! !

¥! *?&)*-.)/;/58! !
¥! .(:&7+*)/-*6!6*./-/(5!-7&&()+!-9-+*:- !
¥! @)78?-&*./1/.!4'+*)-!(5!&)*-.)/;/58!-9-+*:-!

</+,!)*.(::*564+/(5-!(5!6(-*!456!
4'+*)54+/0*-=!!

o! YYQY]!-+76/*-!/6*5+/1/*6!+,4+!+,*!7-*!(1!&)*-.)/;/58!+*.,5('(8/*-!L*?&)*-.)/;/58!456!
.(:&7+*)/-*6!6*./-/(5!-7&&()+!-9-+*:-N!'(<*)*6!/54&&)(&)/4+*!&)*-.)/;/58!456!
&('9&,4):4.9=!!!

o! D5!57)-/58!,(:*-A!/:&'*:*5+/58!&)*-.)/;/58!+*.,5('(8/*-!<4-!:()*!.,4''*58/58=!! !

!+4&-(-#($+E'(
?@ABCDE(

H_O-! P'6*)!467'+-A!
.(::75/+9 ?
6<*''/58!!

Y"!LYT#AT"aN!! D6*5+/19!456!6*+*):/5*!+,*!*11*.+/0*5*--!(1!/5+*)0*5+/(5-!
+(!)*67.*!3DE!/5!.(::75/+9!6<*''/58!('6*)!467'+- !

¥! P)845/-4+/(54'!c!.,458/58!-+)7.+7)*!(1!
-*)0/.*-! !

¥! 3)(1*--/(54'! c!+4)8*+/58!&)(1*--/(54'-!+(!
/:&)(0*!&)4.+/.*A!/5.'76/58!*67.4+/(5!!

¥! E7'+/14.*+*6!/5+*)0*5+/(5-!*=8=!
.(:&7+*)/-*6!6*./-/(5!-7&&()+!-9-+*:-!456!
4.46*:/.!6*+4/'/58! !

o! P)845/-4+/(54'!/5+*)0*5+/(5-A!/5.'76/58!&,4):4./-+!:*6/.4+/(5!)*0/*<A!-,(<*6!4!
)*67.+/(5!/5!3DE=!!

o! O,*!*0/6*5.*!(1!*11*.+/0*5*--!(1!:7'+/6/-./&'/54)9!+*4:-!<4-!<*4K=!!
o! _(:&7+*)/-*6!.'/5/.4'!6*./-/(5!-7&&()+!-9-+*:-!<*)*!*11*.+/0*!/5!)*67./58!5*<!3DE!

&)*-.)/&+/(5-!;7+!6/6!5(+!/:&4.+!*%/-+/58!3DE-=!!
o! B(:*!*0/6*5.*!+,4+!:7'+/14.*+*6!4&&)(4.,*-!<*)*!*11*.+/0*=!!
o! P0*)4''A!*11*.+!-/>*-!<*)*!:(6*-+!456!+,*!/:&4.+!(5!.'/5/.4''9!)*'*045+!&4+/*5+!

(7+.(:*-!/-!75.'*4)=!! !
!%%)->(-#($+E'(
?@ABOD(

H_O-A!.'7-+*)!
H_O-A!
.(5+)(''*6!
;*1()*!456!
41+*)!-+76/*-!!

P'6*)!467'+-!! Y"!L""A]Z`N!! O(!7&64+*!4!)*0/*<!(1!/5+*)0*5+/(5-!4/:*6!4+!/:&)(0/58!
+,*!4&&)(&)/4+*!7-*!(1!&('9&,4):4.9!/5!('6*)!467'+-!

¥! P)845/-4+/(54'!/5+*)0*5+/(5-!c!:7'+/14.*+*6!
&,4):4.*7+/.4' ?.4)*!; 4-*6!/5+*)0*5+/(5-!

¥! E*6/.4+/(5!)*0/*<! !
¥! &4+/*5+!*67.4+/(5!!
¥! ,*4'+,!&)(1*--/(54'!*67.4+/(5! !
¥! _(:&7+*)/-*6!6*./-/(5!-7&&()+!! !

o! D5+*)0*5+/(5-!-,(<*6!4!)*67.+/(5!/5!3DE-!456!/:&)(0*:*5+-!/5!4&&)(&)/4+*!
&('9&,4):4.9=! !

o! _'/5/.4''9!)*'*045+!*11*.+-!<*)*!75.'*4)A!*0/6*5.*!<4-!.(51'/.+/58!(5!+,*!*11*.+!(1!
/5+*)0*5+/(5-!(5!,(-&/+4'!46:/--/(5-!456!:*6/.4+/(5!)*'4+*6!&)(;'*:-=! !

o! V(!*0/6*5.*!4 --(./4+*6!</+,!,*4'+,!)*'4+*6!C74'/+9!(1!'/1*=!!

N%>,-#+*&6(-#(
$+E'(?@ABBD(

H_O-! P'6*)!467'+-A!
57)-/58!
,(:*! !

"X!! O(!/6*5+/19!456!-7::4)/-*!+,*!*11*.+!(1!/5+*)0*5+/(5-!
4/:*6!4+!)*67./58!3DE!/5!57)-/58!,(:*- !

¥! $67.4+/(5!/5+*)0*5+/(5-!!
¥! :*6/.4+/(5!)*0/*<!;9!&,4): 4./-+-!!
¥! E7'+/6/-./&'/54)9!+*4:-!!
!
!
!
!
!

o! D5!57)-/58!,(:*-A!*67.4+/(5!/5+*)0*5+/(5-!456!&,4):4./-+!:*6/.4+/(5!)*0/*<!:49!
)*67.*!3DE-A!,(<*0*)!+,*!*0/6*5.*!<4-!'(<!C74'/+9=!!

o! _(5+*%+74'!14.+()-!</+,/5!57)-/58!,(:*-!/51'7*5.*!+,*!*11*.+!(1!/5+*)0*5+/(5-=!!
o! O,*!*0/6*5.*!<4-!'/:/+*6!(5!+,*!/:&4.+!(1!,*4 '+,?)*'4+*6!(7+.(:*-=! !
!

;%9$&,,%&(-#(
$+E'(?@ABCD(

H_O-A!5(5?
)456(:/-*6!

P'6*)!467'+-A!
:/%*6!!

"T!LYXAa`XN!! $%&'()*!+,*!/:&4.+!(1!-+)4+*8/*-!+(!)*67.*!&('9&,4):4.9!
(5!:()+4'/+9A!,(-&/+4'/>4+/(5!456!.,458*!/5!57:;*)!(1!
6)78-!

¥! 3,4):4./-+ ?'*6!/5+*)0*5+/(5-!!
¥! $67.4+/(5!!
¥! @/-.7--/(5!</+,!&4+/*5+-!!

o! E*+4?454'9-/-!-,(<*6!5(!*11*.+!(1!/5+*)0*5+/(5-!+(!)*67.*!&('9&,4):4.9!(0*)4''!(5!
:()+4'/+9=!



!

!

!

"S
"!

.(5+)(''*6!
+)/4'-!!

¥! E*6/.4+/(5!)*0/*<!;9!&,9-/./45-! !
¥! E7'+/6/-./&'/54)9!+*4:-!!

o! B(:*!*0/6*5.*!(1!45!4--(./4+/(5!</+,!) *67.*6!,(-&/+4'!46:/--/(5-!;7+!+,*!*0/6*5.*!
<4-!5(+!)(;7-+!456!67*!+(!,*+*)(8*5*/+9!(1!-+76/*-!)*-7'+-!.(7'6!5(+!;*!.(:&4)*6=! !

o! O,*)*!<4-!5(!)(;7-+!*0/6*5.*!(1!4!)*67.+/(5!/5!&('9&,4):4.9!()!-7;-*C7*5+!/:&4.+!
(5!:()+4'/+9!()!,(-&/+4'/-4+/(5=!!

3$*>(-#($+E'(
?@AAID(

! P'6*)!467'+-A!
:/%*6!!

"]!LT#?!
Y"]A`X"N!!

D6*5+/19!/5+*)0*5+/(5-!456!-+)4+*8/*-!+,4+!.45!-/85/1/.45+'9!
)*67.*!/54&&)(&)/4+*!&)*-.)/;/58!/5!+,*!*'6*)'9=!

¥! $67.4+/(5!
¥! E*6/.4+/(5!)*0/*<! !
¥! E7'+/6/-./&'/54)9!+*4:-!!
¥! _(:&7+*)/-*6!6*./-/(5!-7&&()+!-9-+*:-! !
¥! )*87'4+()9!&('/./*-!!
¥! H*87'4+()9!&('/./*-!!

o! d4)/(7-!/5+*)0*5+/(5-!-,(<*6!4!&(-/+/0*!*11*.+!(5!)*67./58!3DEA!
o! _(:;/5*6!*11()+-!5(+!)*'9/58!(5!&)/:4)9!.4)*!&)*-.)/;*)-!L*=8=!/5.'76/58!&,4):4./-+-N!

4)*!)*C7/)*6=!!
o! $67.4+/(5!/5+*)0*5+/(5-!-,(<*6!:/%*6!*11*.+-=!!
o! _(:&7+*)/-*6!6*./-/(5!-7&&()+!-,(<*6!&(-/+/0*!*11*.+-!456!:4J()/+9!(1!-+76/*-!

/50('0/58!&,4):4./-+-!-,(<*6!& (-/+/0*!*11*.+-=!!
o! E/%*6!*11*.+-!(1!:7'+/6/-./&'/54)9!+*4:-=!!

V$.-(-#($+E'(
?@ABCD(

$%&*)/:*5+4'!
456!
(;-*)04+/(54'!
-+76/*-!!

P'6*)!467'+-!! YY#!LZ]AY]A!
#AXaX!&*(&'*!
</+,!
6*:*5+/4N!

O(!6*+*):/5*!<,*+,*)!()!5(+!6*&)*-.)/;/58!/-!-41*A!
*11*.+/0*!456!1*4-/;'*!/5+*)0*5+/(5!+(!:(6/19!:()+4'/+9!
456!,*4'+,!(7+.(:*-!/5!('6*)!467'+- !

¥! @*&)*-.)/;/58!-/58'*!:*6/.4+/(5- !
¥! @*&)*-.)/;/58!&('9&,4):4.9! !
¥! $67.4+/(5!!

o! @*&)*-.)/;/58!)*67.*6!+,*!57:;*)!(1!:*6/./5*-!456!3DE-!&)*-.)/;*6!456!<4-!5(+!
4--(./4+*6!</+,!45!/5.)*4-*!/5!460*)-*!6)78!*0*5+-=!

o! D5!5(5?)456(:/-*6!-+76/*-A!6*&)*-.)/;/58!&('9&,4):4.9!<4-!-/85/1/.45+'9!4--(./4+*6!
</+,!6*.)*4-*6!:()+4'/+9A!,(<*0*)!+,*)*!<4-!5(!*0/6*5.*!(1!45!4--(./4+/(5!/5!
)456(:/-*6!-+76/*-=! !

o! D5+*)0*5+/(5-!/50('0/58!:*6/.4+/(5!)*0/*<-!<*)*!4--(./ 4+*6!</+,!-/85/1/.45+!)*67.+/(5!
/5!:()+4'/+9!,(<*0*)!8*5*)4'!&)*-.)/;*)!*67.4+/(5!/5+*)0*5+/(5-!<*)*!5(+=! !

o! @*&)*-.)/;/58!6/6!5(+!.,458*!.(85/+/0*!175.+/(5A!)/-K!(1!14''-!()!C74'/+9!(1!'/1*=!!
!

V$.-(-#($+E'((
?@ABCD(

! P'6*)!467'+-A!
:/%*6!!

! O(!6*-.)/;*!+,*! 8*5*-/-!(1!6*&)*-.)/;/58!4-!45!
/5.)*4-/58'9!4..*&+*6!:*6/.4'!456!&,4):4.*7+/.4'!
/5+*)0*5+/(5!L+(!:4548*!&('9&,4):4.9!456!3DEN!456!45!
(0*)0/*<!(1!6*&)*-.)/;/58 !

¥! @*&)*-.)/;/58e!O,*!&)(.*--!(1!-7&*)0/-*6!
</+,6)4<4'!(1!/54&&)(&)/4+*!:*6/.4+/(5-!
</+,!+,*!8(4'!(1!:4548/58!&('9&,4):4.9! !

¥! E*6/.4+/(5!)*0/*< !
¥! $67.4+/(5!!

o! E*6/.4+/(5-!-,(7'6!;*!)*0/*<!+(!*5-7)*!4&&)(&)/4+*!456!(&+/:4'!7-*=! !
o! @*&)*-.)/;/58!/-!+,*!&)(.*--!(1!-7&*)0/-*6!:*6/.4+/(5!</+,6)4<4'A!</+,!+,*!4/:!(1!

:4548/58!&('9&,4):4.9!456!/:&)(0/58!(7+.(:*-=! !
o! O,*)* !/-!*0/6*5.*!-788*-+/58!+,4+!6*&)*-.)/;/58!/-!*11*.+/0*!/5!:4548/58!&('9&,4):4.9!

456!3DE-!456!7-*6!/5!.(:;/54+/(5!</+,!(+,*)!/5+*)0*5+/(5-A!.(7'6!4'-(!/:&)(0*!,*4'+,!
(7+.(:*-=!! !

/$&8"&(-#($+E'(
?@ABYD(

H_O-A!5(5?
)456(:/-*6!
.(5+)(''*6!
+)/4'-A!
.(5+)(''*6!
;*1()*!456!
41+*)!-+76/*-!
456!
/5+*))7&+*6!
+/:*!-*)/*-! !

P'6*)!467'+-A!
:/%*6!!

Z"!L"`A#S"N!! O(!6*+*):/5*!<,/.,!/5+*)0*5+/(5-A!4'(5*!()!/5!
.(:;/54+/(5A!4)*!*11*.+/0*!/5!/:&)(0/58!+,*!4&&)(&)/4+*!
7-*!(1!&('9&,4):4.9!456!)*67./58!:*6/.4+/(5 ?)*'4+*6!
&)(;'*:-!/5!('6*)!&*(&'*= !

¥! _(:&7+*)/-*6!6*./-/(5!-7&&()+! !
¥! E7'+/14.*+*6!&,4):4.*7+/.4'?.4)*!*=8=!

/5.'76/58!:*6/.4+/(5!)*0/*<A!*67.4+/(5!(1!
&4+/*5+!()!&)*-.)/;*)!!

o! H*-7'+-!<*)*!75.'*4)!<,*+,*)!&,4):4.*7+/.4'!.4)*!/:&)(0*6!4 &&)(&)/4+*!
&('9&,4):4.9!456!57:;*)!(1!3DE-=! !

o! B(:*!*0/6*5.*!+,4+!&,4):4.*7+/.4'!.4)*!)*67.*-!&(+*5+/4'!&)*-.)/;/58!(:/--/(5-A!
,(<*0*)!)/-K!(1!;/4-!,/8,=! !

o! W/++'*!()!5(!*0/6*5.*!(1!/:&4.+!(5!,(-&/+4'!46:/--/(5-A!C74'/+9!(1!'/1*!456!:*6/.4+/(5?
)*'4+*6!&)(;'*:- =!!!

/%++$,%&(:(
]%.#((?@AAUD(

H_O-A!
.(5+)(''*6!
+)/4'-!!

P'6*)!467'+-A!
57)-/58!
,(:*!456!
,(-&/+4'!!

Y]! $%4:/5*!+,*!*11*.+/0*5*--!(1!/5+*)0*5+/(5-!'*6!;9!
&,4):4./-+-!/5!)*67./58!&('9&,4):4.9 !

¥! 3,4):4./-+ ?'*6!()!/5.'76*6!/5+*)0*5+/(5-!!
¥! E*6/.4+/(5!)*0/*< !
¥! .4-*!.(51*)*5./58! !
¥! $67.4+/(5!/5+*)0*5+/(5-!!
¥! B(:*!/5+*)0*5+/(5-!/50('0*6!&4+/*5+-A!

:7'+/6/-./&'/54)9!+*4:-! !
!
!

!

o! I,/'-+!+,*!57:;*)!(1!:*6/.4+/(5-!)*67.*6!<4-!(1+*5!-:4''A!+,*!-+76/*-!<*)*!/5!140(7)!
( 1!+,*!*11*.+/0*5*--!(1!&,4):4./-+?'*6!/5+*)0*5+/(5-!(0*)4''=!!

o! M5!/5+*)0*5+/(5!(1!459!K/56!;9!()!/50('0/58!4!&,4):4./-+!.(7'6!)*67.*!+,*!57:;*)!(1!
6)78-!/5!('6*)!467'+-=!!

T9"++$"&$6-,$&(
?@ABYD(

H_O-! P'6*)!467'+-A!
,(-&/+4'!!

a!L"AT""N!! O(!/50*-+/84+*!+,*!*11/.4.9!(1!6*&)*-.)/;/58!/5+*)0*5+/(5-!
/5!('6*)!/5&4+/*5+-!/5!,(-&/+4'!+(!)*67.*!3DE-!456!/:&4.+!
(5!.'/5/.4'!(7+.(:*- !

¥! @*&)*-.)/;/58!/5+*)0*5+/(5-!!
¥! 3,4):4./-+ ?'*6!!
¥! 3,9-/./45?'*6 !
¥! E7'+/6/-./&'/54)9!+*4:-!!
¥! O(('-!+(!/6*5+/19!3DE-!
¥! :*6/.4+/(5!)*0 /*< !
¥! _(:&7+*)/-*6!6*./-/(5!-7&&()+! !

o! @*&)*-.)/;/58!/5+*)0*5+/(5-!/5!,(-&/+4'-!4)*!*11*.+/0*!4+!)*67./58!(0*)4''!57:;*)!(1!
3DE-A!,(<*0*)!+,*!*0/6*5.*!(1!+,*!/:&4.+!(5!.'/5/.4'!(7+.(:*-!<4-!5(+!<*''!
:*4-7)*6!456!<4-!75.'*4)=! !

!!



!

!

!

"S
Z!

T9">*G9-+0$2(
-#($+E'(?@ABQDE(

H_O-!456!
(;-*)04+/(54'!
-+76/*-!!

P'6*) !467'+-A!
.4)*!,(:*- !

"" ! M--*--!+,*!/:&4.+!(1!:*6/.4+/(5!)*0/*<-!/5!48*6!.4)*!
14./'/+/*-!</+,!466/+/(54'!1(.7-!(5!+9&*-!(1!:*6/.4+/(5!
)*0/*<-A!7-/58!H_O-!456!(;-*)04+/(54'!-+76/*-!

¥! E*6/.4+/(5!)*0/*<-!;9!&,4):4./-+-!()!
:7'+/6/-./&'/54)9!+*4:-!/50('0/58!
&,4):4. /-+-!!

o! D5!.4)*!,(:*-A!:*6/.4+/(5!)*0/*<-!.(567.+*6!;9!4!&,4):4./-+!4-!&4)+!(1!4!+*4:!()!
/56*&*56*5+'9!4&&*4)*6!+(!/:&)(0*!C74'/+9!(1!:*6/./5*-=!!

o! E*6/.4+/(5!)*0/*<-!:49!-'/8,+'9!)*67.*!57:;*)!(1!:*6/./5*-!&)*-.)/;*6!456!3DE-=! !
o! O,*)*!<4-!-(:*!*0/6*5.*!+(!-788*-+!4! &(-/+/0*!*11*.+!(1!:*6/.4+/(5!)*0/*<!(5!

:()+4'/+9A!,(-&/+4'/-4+/(5!456!6/-4;/'/+9=!!!
TS"$(-#($+E'(
?@ABUD(

H_O-A!&)*?
&(-+!
/5+*)0*5+/(5-A!
.4-*!-*)/*-! !

P'6*)!467'+-A!
:/%*6!!

Z#!LYZAaX#N!! D6*5+/19!755*.*--4)9!:*6/.4+/(5-A!+,*!/5+*)0*5+/(5!
&)(.*--!(1!:*6/.4+/(5! )*67.+/(5!456!+,*!*11*.+/0*5*--!(1!
+,*-*!/5+*)0*5+/(5-!

¥! E*6/.4+/(5!)*0/*<! !
¥! $67.4+/(5!/5+*)0*5+/(5-!!
¥! 3,4):4./-+-!/50('0*:*5+! !
!
!
!
!

o! ""Q"#!-+76/*-!)*&()+*6!4!-/85/1/.45+!)*67.+/(5-!()!6/11*)*5.*-!4--(./4+*6!</+,!
/5+*)0*5+/(5-!+(!)*67.*!755*.*--4)9!:*6/./5*-=! !

o! 3,4):4./-+!/50('0*:*5+!/5!:*6/.4+/(5!)*0/*<-!<4-!/:&()+45+!;7+!.'/5/./45 ?'*6!)*0/*<-!
<*)*!:()*!.(5-/-+*5+'9!4--(./4+*6!</+,!4!&(- /+/0*!(7+.(:*!4.)(--!-+76/*-=! !

=$+,9(-#($+E'(
?@ABCD(

H_O-!456!
5(5?
)456(:/-*6!
.(5+)(''*6!
+)/4'-!!

P'6*)!467'+-A!
,(-&/+4'!!

]!LYAY#]N!! _(''4+*!404/'4;'*!*0/6*5.*!(5!+,*!*11*.+/0*5*--!(1!
&,4):4./-+!/5+*)0*5+/(5-!(5!+,*!C74'/+9!(1!&)*-.)/;/58!+(!
('6*)! ,(-&/+4'/-*6!&4+/*5+-=!

¥! 3,4):4./-+!/5.'76*6!/5!<4)6!+*4:- !
¥! _'/5/.4'!&,4):4./-+-!/5!:7'+/6/-./&'/54)9!

+*4:-! !
!

o! $0/6*5.*!+,4+!/5+*)0*5+/(5-!/50('0/58!&,4):4./-+-!<*)*!4--(./4+*6!</+,!)*67.+/(5!/5!
3DE-=!

o! D5!,(-&/+4'/-*6!('6*)!467'+-A!:7'+/6/-./&'/54)9!+*4:-!/50('0/58!&,4):4./-+-!:49!
/:&)(0*!+,*!4&&)(&)/4+*!(1!:*6/./5*-=! !

="+,6%&(-#($+E'(
?@ABQD(

H_O-!456!
5(5?
)456(:/-*6!
.(5+)(''*6!
+)/4'-!!

P'6*)!467'+-A!
:/%*6!!

"Y! 6*+*):/5*!+,*!*11*.+/0*5*--!(1!/5+*)0*5+/(5-!+(!
6*&)*-.)/;*!/54&&)(&)/4+*!3)(+(5!37:&! D5,/;/+()-!L33D-N!
/5!('6*)!467'+-!

¥! 3(&7'4+/(5?</6*!*67.4+/(5!-+)4+*89!!
¥! M.46*:/.!6*+4/'/58!1()!8*5*)4'!&)4.+/+/(5*)-!!
¥! /5?&4+/*5+!8*)/4+)/./45?'*6!6*&)*-.)/;/58! !
¥! 6/-.,4)8*!'*++*)-!!
¥! *67.4+/(5!!
¥! :*6/.4+/(5!)*0/*<! !

o! B(:*!/5+*)0*5+/(5-!<*)*!*11*.+/0*!/5!)*67./58!33D-A!/5.'76/58!&(&7'4+/(5?</6*!
*67.4+/(5!456!6*&)*-.)/;/58!&)(:(+/(5!-+)4+*8/*-A!4.46*:/.!6*+4/'/58!456!8*)/4+)/.!
4--*--:*5+=! !

o! I,*+,*)!+,*!/:&4.+!(1!+,*-*!/5+*)0*5+/(5-!+)45-'4+*-!/5+(!.'/5/.4'!(7+.(:*-!/-!75.'*4)=!! !

!



!

"#$!

!

!"#! $%&'()*+)",-.(,-%)+*,)-/(0.-+1-02)3*.(0.-%''1)-0%33,*3,-%.()4(/-"%.-*05)-0)*'/(,)%/6'.5)+,*4)78879
:;7< )

!"#$%&'( &)*+,%*+"&-.*&+/%0,+-1+02&3.,%0,+"$$1&+0"33*.3*+",%&4%/+)",+.05&-*.4&677689:6;&&

%&'()&'*!+,&!'-).('+/'.0!123!! 4)*&!! %,5.(&/!,+!,&'0'.! ! 6)+)&).7)! !
"89#! ! ! !
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! "#$%%&'%(')*+&,$'"#-*.#*/'0.-1*2/-,3'%('4+/,'5.6&-+7'89%2:-#$';*<-#+&'"#$%%&'0.-1*2/-,3'%('4+/,'5.6&-+7'="#$%%&'%('
>$+2?+#3'0.-1*2/-,3'%('4+/,'5.6&-+7'@"%A,$'9%2(%&B'CCD'
!
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!/  >#"4E)F1#?+G!
1,().('*AA/!'.*ZZ&,Z&'*()!Z&)E7&'T'.0!'.!Z),ZA)!S'(;!-)L).('*!'.! O.0A*.-d!*!Z&,EZ)7('=)!7,;,&(!E(5-/P!
!
-/  H3E)>"II3&E)JK3L/)AMM)8%&4'NG)
1),ZA)!S'(;!-)L).('*!*&)!,+().!Z&)E7&'T)-!L*./!-'++)&).(!L)-'7'.)E!+,&!E/LZ(,LE!,+!-)L).('*!,&!,(;)&!;)*A(;!
7,.-'(',.EP!?,L)!L)-'7'.)E!L*/!T)!'.*ZZ&,Z&'*()!'+!(;)/!;*=)!T)).!5E)-!+,&!(,,!A,.0!,&!(;)'&!;*&LE!,5(S)'0;!(;)'&!
T).)+'(EP!!
!
b,7(,&E!*&)!)\Z)7()-!( ,!L*.*0)!L)-'7*(',.E!*.-!*&)!Z*'-!(,!;,A-!*.!*..5*A!-)L).('*!7*&)!&)=')S!S'(;!)=)&/!
Z*(').(P!U)!-,!.,(!<.,S!S;*(!)++)7(!(;)E)!,ZZ,&(5.'(')E!(,!&)=')S!L)-'7*(',.!;*=)!,.!e5*A'(/!,+!7*&)[!*.!'LZ,&(*.(!
Z*&(!,+!S;'7;!'E!&)-57'.0!(;)!*L,5.(!,+!L)-'7'.)E!(;*(!L* /!T)!;*&L+5A!'.!Z),ZA)!S'(;!-)L).('*P! !
!
b)(*'A)-!L)-'7*(',.!&)7,LL).-*(',.E!;*=)!T)).!7&)*()-!(,!;)AZ!;)*A(;!Z&,+)EE',.*AE!&)-57)!;*&L+5A!Z&)E7&'Z(',.EP!
U)!;*=)!5E)-!(;)E)!05'-)E!(,!E)A)7(!+,5&!0&,5ZE!,+!L)-'7*(',.E!(;*(!L*/!T)!'.*ZZ&,Z&'*()!+,&!Z),ZA)!S'( ;!
-)L).('*P!M;)/!*&)!*.('ZE/7;,('7!L)-'7*(',.E[!(&'7/7A'7!*.('-)Z&)EE*.(E[!*.('7;,A'.)&0'7E!B-)+'.)-!*77,&-'.0!(,!
@.('7;,A'.)&0'7!%,0.'('=)!K5&-).!E7*A)!E7,&)!f!IC!*.-!Z&,(,.!Z5LZ!'.;'T'(,&EP!U)!S'AA!A,,<!*(!;,S!,+().!(;)E)!
L)-'7'.)E!*&)!Z&)E7&'T)-!*.-!(;) !'LZ*7(!,+!-)L).('*!*..5*A!&)=')SE!*.-!,(;)&!L)-'7*(',.!&)=')SE!,.!(;)'&!5E)[!
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*L,.0!Z),ZA)!S'(;!-)L).('*!T)(S)).!"89N!*.-!"89#!B''C!*. -!(;)!+*7(,&E!*EE,7'*()-!S'(;!Z,().('*AA/!'.*ZZ&,Z&'*()!
L)-'7*(',.!5E)[!'.!Z*&('75A*&!(;)!)++)7(!,+!L)-'7*(',.!&)=')SE!*.-!-)L).('*!*..5*A!&)=')SP! !
K+#$%4'/)@!"J/)*&!7,;,&(!E(5-/!+,AA,S'.0!*AA!Z&)=*A).(!7*E)E!,+!-)L).('*!*(!(;)!E(*&(!-*()!,+!89Y89Y"89N[!*.-!
'.7'-).(!7*E)E!T)(S)).!(;)!E(*&(!-*()!*.-!(;)!E(5-/!).-!-*()!,+!I8Y8$Y"89#P!1&)E7&'Z(',.E!,+!+,5&!7A*EE)E!,+!
Z,().('*AA/!'.*ZZ&,Z&'*()!L)-'7*(',.E!B*.('ZE/7;,('7E[!(&'7/7A'7!*.('-)Z&)EE*.(E[!*.('7;,A'.)&0'7E!*.-!Z&,(,.!Z5LZ!
'.;'T'(,&EC!S'AA!T)!)\(&*7()-[!*E!S)AA!*E!*./!L)-'7*(',.!&)=')S!,&!-)L).('*!*..5*A!&)=')S!B)\Z,E5&)EC!-5&'.0!(;*(!
Z)&',-!*.-!Z,().('*AA/!7,.+,5.-'.0!=*&'*TA)EP! !
>#3#1'#123?)353?E'1'/)U)!S'AA!)E('L*()!(;)!Z&)=*A).7)!,+!Z,().('*AA/!'.*ZZ&,Z&'*()!L)-'7*(',.!5E)!'.!Z),ZA)!S'(;!
-)L).('*!*7& ,EE!(;)!E(5-/!Z)&',-P!37Q)L*&!*.-!U'A7,\,.!E'0.)-!&*.<!()E(E!S'AA!()E(!(;)!7;*.0)!'.!)*7;!,5(7,L)!
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+,75E)-!,5(7,L)E!E57;!*E!*ZZ&,Z&'*()!Z&)E7&'T'.0P!!!
7/ >#"4E)-32U<&%"54)
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*.-!'.!"88#!*&,5.-!"]m!,+!Z),ZA)!S'(;!-)L).('*!'.!(;)!>:!S)&)!Z&)E7&'T)-!*./!Z,().('*AA/!'.*ZZ&,Z&'*()!
L)-'7*(',.! i"]9j P!!
!
1,().('*AA/!'.*ZZ&,Z&'*()!L)- '7*(',.!5E)!,775&E!S;)&)!(;)!*EE,7'*()-!;*&LE!,5(S)'0;!Z,().('*A!T).)+'(!*.-!'.!
Z),ZA)!S'(;!-)L).('*!(;)&)!*&)!*!.5LT)&!,+!L)-'7*(',.E!(;*(!*&)!*EE,7'*()-!S'(;!Z*&('75A*&!*-=)&E)!)++)7(EP!!M;)!
5E)!,+!*.('7;,A'.)&0'7!L)-'*(',.E!'E!*EE,7'*()-!S'(;!-)A'&'5L[! E)-*(',.[!5&'.*&/!&)().(',.!*.-!'.7&)*E)-!7,0.'('=)!
'LZ*'&L).(E!'.!Z),ZA)!S'(;!-)L).('*! i"9I[!""Nj P!M&'7/7A'7!*.('-)Z&)EE*.(E!*AE,!;*=)!*!;'0;!*.('7;,A'.)&0'7!A,*-!*.-!
'(!'E!&)7,LL).-)-!(;*(!(;)/!*&)!*=,'-)-!'.!Z),ZA)!S'(;!-)L).('*!-5)!(,!(;)'&!*EE,7'*()-!;*&LE! i"I"j P!M&'7/7A'7E!*&)!
*AE,!*EE,7'*()-!S'(;!,&(;,E(*('7!;/Z,().E' ,.[!E)-*(',.!*.-!7,0.'('=)!'LZ*'&L).(! i"9I[!"9N[!I$^[!I$]j P!@AA!
*.('-)Z&)EE*.(E!;*=)!(;)!Z,().('*A!+,&!L5A('ZA)!*-=)&E)!)++)7(E!*.-!(;)!E'-)!)++)7(!Z&,+'A)E!-'++)&!T)(S)).!(;)!
-'++)&).(!(/Z)E!iI$^j P!!!
!
>E)-!(,!(&)*(!*7'-!&)A*()-!'.-'0)E(',.!*.-!Z)Z('7!5A7)&E[!Z&,(,.!Z5LZ!'.;'T'(,&E!B112EC!*&)!,.)!,+!(;)!L,E(!+&)e5).(A/!
Z&)E7&'T)-!L)-'7*(',.E!'.!(;)!S,&A-! i"IIj !*.-!*&)!0) .)&*AA/!*EE,7'*()-!S'(;!+)S!*-=)&E)!)++)7(E[!;,S)=)&!(;)/!*&)!
7,E(A/!*.-!(;)'&!+&)e5).(!5E)!E'0.'+'7*.(A/!'LZ*7(E!QR?!T5-0)(E[!S'(;!,=)&!o988!L'AA',.!EZ).(!*..5*AA/!,.!112E!'.!
O.0A*.-!i"$$j P!2.!?MH11[!112E!*&)!-))L)-!'.*ZZ&,Z&'*()!S;).!5E)-!+,&!Z)Z('7!5A7)&!-'E)*E)!*(!L*\'L5L!(;)&*Z)5('7!
-,E*0)!+,&!k^!S))<EP!M;)&)!;*=)!T)).!E)=)&*A!E)&',5E!*-=)&E)!)++)7(E!*EE,7'*()-!S'(;!A,.0J()&L!112!5E)[!(;)!
E(&,.0)E(!)='-).7)!'E!+,&!%A,E(&'-'5L!-'++'7'A)!'.+)7(',.!*.-!'.7&)*E)-!&'E<!,+!T,.)!+&*7(5&)E!*.-!(;)&)!'E!E,L)!
)='-).7)!+,&!'.7&)*E)-!&'E<!,+!Z.)5L,.'*! i"I^[!"$$[!IN8[!IN9j P!3,.'(,&'.0!A,.0 J()&L!112!5E)!7,5A-!;*=)!'LZA'7*(',.E!
,.!Z&)E7&'T'.0!7,E(E!*.-!*ZZ&,Z&'*()!*.-!E*+)!Z&)E7&'T'.0!+,&!Z*(').(EP!M;)!Z&)=*A).7)!,+!'.*ZZ&,Z&'*()!112!5E)!



!

"##!

!

!"#$%&'()*%&#+&,)-. /,)!&#$"&,)!/). ,)012$3&4'%5,)6/). ,)7483&4',)9: /,);&1<$#,)9=/,)>#++?,)@A/,)B)>3CC3,)D. /))
)
! "#$%%&'%(')*+&,$'"#-*.#*/'0.-1*2/-,3'%('4+/,'5.6&-+7'89%2:-#$';*<-#+&'"#$%%&'0.-1*2/-,3'%('4+/,'5.6&-+7'="#$%%&'%('
>$+2?+#3'0.-1*2/-,3'%('4+/,'5.6&-+7'@"%A,$'9%2(%&B'CCD'
!
&*.0)E!+&,L!IP#m!5E'.0!>:!%A'.'7*A!1&*7('7)!6)E)*&7;!b*(*A'.<!'.!"88#!B%16bC!(,!""P]m!5E'.0!(;)!Q,&(;)&.!2&)A*.-!
O.;*.7)-!1&)E7&'T'.0!b*(*T*E)!'.!"89I! i9^][!"]9j P!
!
1&'L*&/!7*&)!Z&,='-)E!*.!'.()0&*A!&,A)!'.!(;)!-)()7(',.[!-'*0.,E'E[!L*.*0)L).(!*.-!E5ZZ,&(!,+!Z),ZA)!S'(;!-)L).('*!
*.-!(;)'&!7*&)&E!iIN"j P!G1E!*&)!'LZ,&(*.(!'.!Z&)E7&'T'.0[!L*.*0'.0!*.-!&)=')S'.0!Z,().('*AA/!;*&L+5A!L)-'7*(',.E[!
E57;!*E!(;)!&)05A*&!&)=')S!,+!*.('ZE/7;,('7!L)-'7*(',.EP!M;)!5E)!,+!*.('ZE/7;,('7!L)-'7*(',.E!'.!Z),ZA)!S'(;!L'A- J
L,-)&*()!-)L).('*!'E!.,(!*-='E)-!-5)!(,!E)&',5E!*-=)&E)!)++)7(E! i"8I[!INI[!IN$j P!U;).!*.('ZE/7;,('7E!*&)!5E)-!(,!
L*.*0)!E)=)&)!*.-!-'E(&)EE'.0!T);*=',5&*A!*.-!ZE/7;,A,0'7*A!E/LZ(,LE!'(!'E!&)7,LL). -)-!(;*(!(;)/!*&)!5E)-!*(!(;)!
A,S)E(!-,E)!+,&!*!A'L'()-!('L)!*.-!&)05A*&A/!&)=')S)-!B)=)&/!I!L,.(;EC!iINNjP!!
!
1,().('*AA/[!)=)&/!G1!7,.E5A(*(',.!Z&,='-)E!*.!,ZZ,&(5.'(/!+,&!L)-'7*(',.E!(,!T)!&)=')S)-!*.-!7;*.0)E!(,!T)!
'LZA'7*()-P!3)-'7*(',.!&)=')S!B36C!'E!*!()&L!(;*(!).7,LZ*EE)E!*!&*. 0)!,+!'.()&=).(',.E!(;*(!L*/!T)!7*&&')-!,5(!T/!
G1E[!Z&)E7&'T'.0!.5&E)E!,&!Z;*&L*7'E(E[!S'(;!*.-!S'(;,5(!(;)!Z*(').(!T)'.0!Z&)E).(!*.-!7*.!&*.0)!+&,L!*!(,<).!
7;)7<!(,!*!+5AA!7A'.'7*A!&)=')S!iINFjP!V,&!,A-)&!*-5A(E[!0,=)&.L).(!Z,A'7/!-,75L).(E[!E57;!*E!(;)!Q*(',.*A!?)&='7)!
V&*L)S,&<!+,&!HA-)&!1),ZA)!*-=,7*()!(;*(!L)-'7*(',.E!*&)!&)=')S)-!*(!A)*E(!*..5*AA/!*.-!)=)&/!F!L,.(;E!+,&!
Z*(').(E!(*<'.0!+,5&!,&!L,&)!L)-'7*(',.E! iIN#jP!!
!
2.!"88F[!(;)!-)L).('*!*..5*A!&)=')S!Bb@6C!S*E!'.(&,-57)-!*E!*!g5*A'(/!H5(7,L)E!V&*L)S,&<!BgHVC!'.-'7*(,&!+,&!
-)L).('*!7*&)[!Z&,='-'.0!*!Z*/L).( JT*E)-!&)S*&-!+,&!e5*A'(/!G1!Z&*7('7)!7*&)P!M;)!b@6!'E!*!/)*&A/!7,LZ&);).E'=)!
&)=')S!,+!(;)!Z*(').(Eh!Z;/E'7*A[!L).(*A!;)*A(;!*.-!E,7'*A!&)=')S[!*77)EE!(,!E5ZZ,&(!E)&='7)E[!*.-!*!7*&)&hE!
*EE)EEL).(!i999jP!_*&'*(',.!'.! Z&*7('7)!'LZA)L).(*(',.!L)*.E!(;*(!(;)!.5LT)&!,+!Z*(').(E!&)7)'='.0!*!b@6!&*.0)E!
+&,L!*&,5.-!N8m!J!̂ Fm!i99$j!*.-!Z&)=',5E!&)E)*&7;!E500)E(E!(;*(!(;)!e5*A'(/!*.-!7,LZ&);).E'=).)EE!,+!(;)!&)=')SE!
T)'.0!7,.-57()-!*&)!=*&'*TA)! i99Ij P!@A(;,50;!.,(!)\ZA'7'(A/!'LZA'7*()-[!(;)!b@6!Z&,='-)E!*.!,ZZ,&(5.'(/!(,!&)=')S!
*.-!&)-57)!Z,().('*AA/!'.*ZZ&,Z&'*()!L)-'7*(',.E!'LZA'7*()-!'.!Z),ZA)!S'(;!-)L).('*P!M;)!'LZ*7(!,+!b@6!*E!*.!
)++)7('=)!L)*.E!,+!*7;')='.0!(;'E!'E!5.<.,S.P! !
!
M;'E!E(5-/!S'AA!)E('L*()!(;)!&)7).(!Z&)=*A).7)!,+!Z,().('*AA/!'.*ZZ&,Z&'*()!Z&)E7&'T'.0!'.!Z),ZA)!S'(;!-)L).('*!'.!
Z&'L*&/!7*&)!'.!O.0A*.-!*.-!(;)!)++)7(!,+!L)-'7*(',.!&)=')S!*.-!b@6!,.!(;)E)!Z&)E7&'Z(',.EP!?Z)7'+'7*AA/!S)!S'AA!
-)E7&'T)!(;)!Z&)E7&'Z(',.!,+!+,5&!)\)LZA*&!7A*EE)E!,+!123!5E)!'.7A5-'.0!*.('ZE/7;,('7E[!*.('7;,A'.)&0'7E[!
*.('-)Z&)EE*.(E!*. -!Z&,(,.!Z5LZ!'.;'T'(,&E[!*E!S)AA!*E!(;)!,=)&*AA!L)-'7*(',.!A,*-P!
!
V/ >#"4E)FES+)

1&,EZ)7('=)!7,;,&(!E(5-/P!)

D/ >#"4E)9+'1<5)

M;)!E(5-/!Z)&',-!'E!89Y89Y"89N!(,!I8Y8$Y"89#P!!1),ZA)!S'(;!-)L).('*!-'*0.,E)-!T)+,&)!,&!-5&'.0!(;)!E(5-/!Z)&',-!
S'AA!T)!+,AA,S)-!5.('A!-)*(;[!A)*='.0!(;)!Z&*7('7)!,&!(;)!).-!,+!(;)!E(5-/!Z)&',-P!!@!Z&,EZ)7('=)!7,;,&(!E(5-/!L)(;,-!
S'AA!T)!5E)-!(,!)E('L*()!(;)!Z&)=*A).7)!,+!*!Z&)E7&'Z(',.!,+!(;)!E)A)7()-!Z,().('*AA/!'.*ZZ&,Z&'*()!L)-'7*(',.!'.!
Z),ZA)!S'(;!-)L).('*!T)(S)).!X*.5*&/!"89N!*.-!@Z&'A!"89#P! !
!
U'(;'.!(;'E!Z)&',-!S)!S'AA!5E)!A,.0'(5-'.*A!L,-)AA'.0!(,!)E('L*()!(;)!)++)7(!,+!(;)!)\Z,E5&)E!Bb@6!*.-!36C!, .!(;)!
Z&)E7&'Z(',.!,+!Z,().('*AA/!'.*ZZ&,Z&'*()!L)-'7*(',.E!'.!L,.(;E!+,AA,S'.0!&)=')S[!(,!-)()&L'.)!;,S!b@6!*.-!
L)-'7*(',.!&)=')SE!*++)7(!'.*ZZ&,Z&'*()!Z&)E7&'T'.0P)
W/ V+3'1Q1?1#E)2%"5#')

)
>E'.0!*!&)E(&'7()-!E)(!,+!(;)!L,E(!7,LL,.!-'*0.,E'E!7,-)E[!(;)&)!*&)! I"[]#8!Z),ZA)!S'(;!-)L).('*!'.!%16b!GH`b!
BH7(,T)&!"89F!=)&E',.C!*(!E,L)!Z,'.(!-5&'.0!"89$!,&!"89N!Z)&',-P!K)(S)).!89Y89Y"89$!n!I9Y9"Y9N[!I$I$!,+!(;)E)!
S)&)!Z&)E7&'T)-!*!(&'7/7A'7!*.('-)Z&)EE*.(!,.!*(!A)*E(!,.)!,77*E',.P!!
!
M;'E!'E!,.)!,+!(;)!&*&)&!L)-'7*(', .!7A*EE)E!S)!*&)!'.=)E('0*('.0[!E500)E('.0!(;*(!*AA!123!0&,5ZE!'.!(;'E!7,;,&(!S'AA!T)!
E5++'7').(A/!+&)e5).(!(,!Z)&L'(!,5&!*.*A/E'EP!M;)&)!*&)!*AE,!*.!)E('L*()-!][888!Z),ZA)!S'(;!-)L).('*!S;,!;*=)!*!
&)7,&-!,+!T,(;!*!b@6!*.-!36P)



!

"#^ !

!

!"#$%&'()*%&#+&,)-. /,)!&#$"&,)!/). ,)012$3&4'%5,)6/). ,)7483&4',)9: /,);&1<$#,)9=/,)>#++?,)@A/,)B)>3CC3,)D. /))
)
! "#$%%&'%(')*+&,$'"#-*.#*/'0.-1*2/-,3'%('4+/,'5.6&-+7'89%2:-#$';*<-#+&'"#$%%&'0.-1*2/-,3'%('4+/,'5.6&-+7'="#$%%&'%('
>$+2?+#3'0.-1*2/-,3'%('4+/,'5.6&-+7'@"%A,$'9%2(%&B'CCD'
!
X/ >3IS?+)'1Y+)2%5'14+&3#1%5'!

M;)&)!*&)!*.!)E('L*()-!II[888!Z*(').(E!S'(;!-)L).('*!T*E)-!'.!O.0A'E;!%16b!GH`b!&)0'E()&)-!Z&*7('7)E!*(!(;)!
E(*&(!,+!(;)!E(5-/!Z)&',-!B89Y89Y"89NC!BE*LZA)!E'D)!)E('L*()-!+&,L!H7(,T)&!"89F!=)&E',.!,+!%16b!GH`bCP!M;)&)!
*&)!*&,5.-!9$888!Z*(').( E!S'(;!*!-)L).('*!*..5*A!&)=')S!*.-!9F888!S'(;!*!L)-'7*(',.!&)=')S!6)*-!7,-)!B%16b!
GH`b!"89NCP!!
!
H5&!Z&'L*&/!,Tc)7('=)!'E!(;)!)++)7(!,+!b@6!,&!36!,.!7;*.0'.0!Z&)E7&'Z(',.!,+!123!7A*EE)EP!!U)!;*=)!)E('L*()-!(;)!
.5LT)&!,+!Z*&('7'Z*.(E!.))-)-!(,!-)L,.E(&*()!* !7;*.0)!'.!Z,().('*AA/!'.*ZZ&,Z&'*()!L)-'7*(',.!B123C!Z&)=*A).7)[!
5E'.0!-*(*!+&,L!*!&)7).(!6%M!,+!L)-'7*(',.!&)=')SE!'.!(;)!0).)&*A!,A-)&!Z,Z5A*(',.! i"F^j [!*.-!7,.E'-)&'.0!*!
&)A*('=)A/!&*&)!123P!!!
!
M;'E!;*E!Z&,='-)-!*.!'AA5E(&*('=)!)\*LZA)!,+!(;)!)\Z)7()-!7;*.0)!'.!Z&)E7&'T'.0P!M;)!Z*'&)-!7;*.0)E!'.!123!
Z&)E7&'Z(',.E!T)+,&)!*.-!*+()&!)\Z,E5&)!B*!L)-'7*(',.!&)=')SC!*&)!0'=).!'.!(;)!(*TA)!T)A,SP!
!
!

!"#$%&6E!1&,Z,&(',.!,+!&*&)!123!Z&)E7&'Z(',.E[!E57;!*E!(&'7/7A'7!*.('-)Z&)EE*.(E!Z,E(J
L)-'7*(',.!&)=')S[!T*E)-!5Z,.!3'A,E!)(!*AP!B"89ICP!!

! ! 1,E(J&)=')S! M,(*A! !

! ! . ) M) ! !

1&)J&)=')S!

. ) 8P8I! 8P8"! 8P8N! !

M) 8P89! 8P]$! 8P]N! !

! M,(*A! 8P8$! 8P]F! . ) !

0E#E&H--E!6*(',!f!"[!1&,Z,&(',.!,+!-'E7,&-*.(!Z*'&E!f!8P8I! !

V,&!*!&*&)!123[!S;)&)!T*E)A'.)!Z&)=*A).7)!'E!*&,5.-!Nm[!S'(;!*!"m!&)-57(',.!'.!123!*.-!9m!E(*&('.0!*!123[!(,!
-)()7(!*!-'++)&).7)!+,AA,S'.0!*!)\Z,E5&)!S'(;!]8m!Z,S)&!B*(!E'0.'+'7*.7)!A)=)A!,+!Z!fp8P8NC!S)!S'AA!&)e5'&)!*!
E*LZA)!"F88!Z*(').(E!B+,&!&*&)!123[!E57;!*E!(&'7/7A'7!*.('-)Z&)EE*.(!L)-'7*(',.ECP!M,!&)+A)7(!(;)!L5A('ZA)!()E('.0!
7,&&)7(',.!S'(;!*!E'0.'+'7*.7)!A)=)A!,+!Zfp8P88N!*(!]8m!Z,S)&!S)!S'AA!&)e5'&)!$$88!Z*(').(EP!3,&)!7,LL,.!123!
S'AA!&)e5'&)!+)S)&!Z*&('7'Z*.(E[!*.-!(;'E!'E!7,L+,&(*TA/!S'(;'.!(;)!9$888!Z*(').(E!S'(;!*!-)L).('*!*..5*A!&)=')S!
7,-)!*=*'A*TA)!'.!%16bP!
!

Z/ 93#3)H15U3<+)0+["1&+4)J1T)3SS?123Q?+N(G!
G<$%"5%&0.,%&,>",&,>%&/","&$+0F"2%G5&*%H@%5,%/&+0&*%5%"*)>&3*.,.).$5&?+$$&#%&3@#$+5>%/&#1&,>%&A<BC&"5&3"*,&.-&+,5&

,*"053"*%0)1&3.$+)1)

XK9/)2.-)\!,+!L5A('ZA)!-)Z&'=*(',.!e5'.('A)!*(!(;)!Z&*7('7)!A)=)A!'E!.))-)-!*E!*!Z,().('*A!7,.+,5.-)&P )

)
6/ >#"4E)S%S"?3#1%5)

@AA!7*E)E!S'AA!T)!E)A)7()-!S;,!L))(!(;)!+,AA,S'.0!7&'()&'*d!!
!
b'*0.,E'E!,+!-)L).('*!*E!-)+'.)-!T/!(;)!Z&)E).7)!,+!*!&)7,&-!,+!*!-)L).('*!-'*0.,E'E!BE))!@ZZ).-'\!9C!,&!*!
Z&)E7&'Z(',.!,+!*!7,0.'('=)!).;*.7)&!B'P)P!L)L*.('.)[!-,.)Z)D'A[!&'=*E('0L'.)[!,&!0*A*. (*L'.)C!T)+,&)!(;)!E(*&(!-*()!
B89Y89Y"89NC!,&!-5&'.0!(;)!E(5-/!Z)&',-!B89Y89Y"89N!n!I8Y8$Y9#CP!2.7A5-'.0!.)S!-'*0.,E)E!S'AA!L*'.(*'.!*!
&)Z&)E).(*('=)!E*LZA)!,+!-)L).('*!Z*(').(E!(;&,50;,5(!(;)!E(5-/!Z)&',-P !
!

"! b)L).('*!-'*0.,E'E!5E'.0!E'L'A*&!-)+'.'(',.E!;*E !T)).!=*A'-*()-!'.!%16b!S'(;!*!Z,E'('=)!Z&)-'7('=)!
=*A5)!B11_C!,+!]Nm!i"N"j P!!



!

"#] !

!

!"#$%&'()*%&#+&,)-. /,)!&#$"&,)!/). ,)012$3&4'%5,)6/). ,)7483&4',)9: /,);&1<$#,)9=/,)>#++?,)@A/,)B)>3CC3,)D. /))
)
! "#$%%&'%(')*+&,$'"#-*.#*/'0.-1*2/-,3'%('4+/,'5.6&-+7'89%2:-#$';*<-#+&'"#$%%&'0.-1*2/-,3'%('4+/,'5.6&-+7'="#$%%&'%('
>$+2?+#3'0.-1*2/-,3'%('4+/,'5.6&-+7'@"%A,$'9%2(%&B'CCD'
!

"! %,0.'('=)!).;*.7)&E!*E!*!-'*0.,E'E!,+!-)L).('*!S'AA!T)!5E)-!S'(;!7*5(',.P!2.!E,L)!7*E)E!&'=*E('0L'.)!
'E!5E)-!'.!Z*(').(E!S'(;!1*&<'.E,.hE[!S'(;,5(!*!7A)*&!-'*0.,E'E!,+!-)L).('*P!R,S)=)&!*!A'L'()-!.5LT)&!
,+!-'*0.,E)E!*&)!'-).('+')-!(;&,50;!&'=*E('0L'.)!B*ZZ&,\'L*()A/!8PImC!E,!(;'E!'E!5.A'<)A/!(,!T)!*!
Z&,TA)LP!!

"! M;)!E(5-/!Z)&',-!;*E!T)).!E)A)7()-!'.!,&-)&!(,!Z&, ='-)!(;)!L,E(!75&&).(!)E('L*()!,+!(;)!Z&)=*A).7)!,+!
L)-'7*(',.!5E)!S'(;'.!(;'E!Z,Z5A*(',.!*.-!(,!*77,5.(!+,&!*(!A)*E(!,.)!-)L).('*!*..5*A!&)=')S!'.!
)=)&/!)A'0'TA)!Z*(').(P!!

"! 1*(').(E!)\7)Z()-!+&,L!(;)!gHV!'.-'7*(,&!+,&!-)L).('*!*..5*A!&)=')S!S'AA!*AE,!T)!'. 7A5-)-!'.!
*.*A/E)EP!H.!*=)&*0)!9"P#m!,+!Z*(').(E!S)&)!)\7)Z()-!+,&!-)L).('*!gHV!'.-'7*(,&E!B"89NJ"89FCP!@./!
Z,().('*A!7,.+,5.-'.0!)++)7(!,+!gHV!)\7)Z(',.!S'AA!T)!7,.(&,AA)-!+,&!T/!*--'.0!*!7,=*&'*()!'.-'7*('.0!
gHV!)\7)Z(',.!*(!,&!T)+,&)!*./!Z,'.(!-5&'.0!)* 7;!('L)!Z)&',-!'.(,!(;)!*.*A/E'EP!O\7)Z(',.E!S'AA!T)!
-)+'.)-!5E'.0!6)*-!%,-)E!];bPP88!BO\7)Z(',.!&)Z,&('.0d!-)L).('*!e5*A'(/!'.-'7*(,&EC[!];b8P88!
BO\7)Z()-!+&,L!-)L).('*!e5*A'(/!'.-'7*(,&Ed!1*(').(!5.E5'(*TA)C!];b9P88!BO\7)Z()-!+&,L!-)L).('*!
e5*A'(/!'.-'7* (,&Ed!2.+,&L)-!-'EE).(C!*.-!^%3a"88[!^2@)888[!^2@)"88!*.-!^%3aI88P!!

!
6)0'E()&)-!S'(;!*.!l>Z!M,!?(*.-*&-h!B&)E)*&7;!e5*A'(/C!Z&*7('7)!'.!O.0A*.-!+,&!9!/)*&!T)+,&)!E(5-/!).(&/P!M;'E!S'AA!
*AA,S!+,&!*ZZ&,Z&'*()!L)*E5&)L).(!,+!T*E)A'.)!7,=*&'*()EP!!

"! U)!S'AA!&)E(&'7(!(,!Z&*7('7)E!'.!O.0A*.-!(,!).E5&)!(;)!e5*A'(/!,+!b@6!&)7,&-'.0[!*E!gHV!05'-)A'.)!
*0&))L).(E!*&)!-'++)&).(!'.!O.0A*.-!7,LZ*&)-!(,!*0&))L).(E!'.!?7,(A*.-[!Q,&(;)&.!2&)A*.-!*.-!
U*A)E!iIN^j P!!!!!
!

M;)!E(5-/!Z,Z5A*(',.!'.7A5-)-!'.!(;)!*.*A/E'E!*--&)EE'.0!*'L!"[!)E('L*('.0!(;)!7;*.0)!'.!Z&,T*T'A'(/!,+!T)'.0!
Z&)E7&'T)-!*!Z,().('*AA/!'.*ZZ&,Z&'*()!L)-'7*(',.!T)+,&)!*.-!*+()&!*!36!,&!b@6[!S'AA!T/!.)7)EE'(/!,.A/!'.7A5-)!
Z*(').(E!S'(;!-)L).('*!S;,!;*=)!*!&)7,&-!,+!'C!-)L).('*!*..5*A!&)=')S!''C!L)-'7*(',.!&)=')S!'''C!-)L).('*!*..5*A!
&)=')S!*.-!L)-'7*(',.!&)=')SP!! !

"! b)L).('*!*..5*A!&)=')S!S'AA!T)!-)+'.)-!T/!(;)!Z&)E).7)!,+!(;)!6)*-!%,-)!F@KPP88!S'(;'.!(;)!-)+'.)-!
+,AA,SJ5Z!('L)!Z,'.(EP!!!

!
"! M;)!Z&)E).7)!,+!*!6)*-!7,-)!'-).('+/'.0!(;*(!*!L)-'7*(',.!&)=')S!(,,<!ZA*7)!S'(;'.!(;)!+,AA,S J5Z!('L)!

Z,'.(E!BE))!@ZZ).-'\!"!+,&!7,-)ECP!
!

H/ >+?+2#1%5)%T)2%IS3&1'%5)<&%"SJ'N)%&)2%5#&%?')

M;)&)!*&)!.,!7,.(&,AE!,&!7,LZ*&'E,.!0&,5ZE!'.!(;'E!E(5-/P!!

)

K/  7LS%'"&+',)W+3?#$)P"#2%I+'G)354)O%C3&13#+')&
G<$%"5%&0.,%=!I@44"*1&+0-.*4",+.0&.0&>%"$,>&.@,).4%5&J"5&+0)$@/%/&.0&,>%&KILA&"33$+)",+.0&-.*4&&"#.M%&N?+$$&#%&
3@#$+5>%/&.0&A<BCD5&?%#5+,%&"5&3"*,&.-&+,5&,*"053"*%0)1&3.$+)1&
&
7LS%'"&+'()
b)L).('*!@..5*A!6)=')Sd!b)L).('*!*..5*A!&)=')S!S'AA!T)!-)+'.)-!T/!(;)!Z&)E).7)!,+!(;)!6)*-!%,-)!F@KPP88!S'(;'.!
(;)!-)+'.)-!+,AA,S J5Z!('L)!Z,'.(EP!!!
!
3)-'7*(',.!&)=')Sd!M;)!Z&)E).7)!,+!*!6)*-!7,-)!'-).('+/'.0!(;*(!*!L)-'7*(',.!&)=')S!(,,<!ZA*7)!S'(;'.!(;)!+,AA,S J
5Z!('L)!Z,'.(E!BE))!@ZZ).-'\!"!+,&!7,-)ECP!
!
q2.7'-).(!7*E)E!+,&!(;)!+'&E(!/)*&!E'.7)!-'*0.,E'E[!*.,(;)&!7,-)!,+!.)SA/!-'*0.,E)-! n!L*/!.,(!*AS* /E!T)!Z,EE'TA)!!
!
W+3?#$)%"#2%I+'()
U)!S'AA!)\(&*7(!(;)!Z&)E).7)!,+!*!Z&)E7&'Z(',.!+,&!(;)!E)A)7()-!Z,().('*AA/!'.*ZZ&,Z&'*()!L)-'7*(',.E[!-)+'.)-!5E'.0!
U,&A-!R)*A(;!H&0*.'E*(',.!@.*(,L'7*A!M;)&*Z)5('7!%;)L'7*A!%A*EE'+'7*(',.!?/E()L!B@M%C!7,-)EP!
!
M;)!Z&)E).7)!,+!)*7;!,+!(;)!+,AA,S'.0!123E!S'AA!T)!7,-)-!S'(;'.!)*7;!,+!9"!" JL,.(;!('L)!Z)&',-E!T)(S)).!X*.5*&/!
"89N!*.-!@Z&'A!"89#!+,&!)*7;!Z*(').(!7,.-'(',.*A!,.!(;)'&!'.7A5E',.!'.!(;)!E(5-/!+,&!(;)!S;,A)!,+!(;*(!Z)&',-P !
!

9P! @.('ZE/7;,('7!L)-'7*(',.!S'AA!T)!-)+ '.)-!5E'.0!@M%!7,-)!Q8@N@!BE))!@ZZ).-'\!I*CP!!
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"^8 !

!

!"#$%&'()*%&#+&,)-. /,)!&#$"&,)!/). ,)012$3&4'%5,)6/). ,)7483&4',)9: /,);&1<$#,)9=/,)>#++?,)@A/,)B)>3CC3,)D. /))
)
! "#$%%&'%(')*+&,$'"#-*.#*/'0.-1*2/-,3'%('4+/,'5.6&-+7'89%2:-#$';*<-#+&'"#$%%&'0.-1*2/-,3'%('4+/,'5.6&-+7'="#$%%&'%('
>$+2?+#3'0.-1*2/-,3'%('4+/,'5.6&-+7'@"%A,$'9%2(%&B'CCD'
!
!

"P! M&'7/7A'7!*.('-)Z&)EE*.(E!S'AA!T)!-)+'.)-!5E'.0!@M%!7,-)EP!@.('-)Z&)EE*.(E!B@M%!Q8F@C!*&)!0&,5Z)-!
'.(,!(&'7/7A'7!*.('-)Z&)EE*.(!E5TJ(/Z)[!*77,&-'.0!(,!@M%!7&,EEJ&)+)&).7)-!S'(;!(;)!K&'('E;!Q*(',.*A!
V,&L5A*&/!BKQVC!(,!'-).('+/!(;,E)!5E)-!'.!>:!Z&*7('7)!B@M%!Q8F@@8"[!Q8F@@8I[!Q8F@@8$[!Q8F@@8F[!
Q8F@@8#[!Q8F@@8][!Q8F@@98[!Q8F@@9"[!Q8F@@9F[!Q8F@r8I!*.-!Q8F@r8NC!BE))!@ZZ).-'\!ITCP!!
!

IP! b)+'.'()!*.('7;,A'.)&0'7!L)-'7*(',.!S'AA!T)!-)+'.)-!*E!*./!L)-'7*(',.!S'(;!*.!@.('7;, A'.)&0'7!
%,0.'('=)!K5&-).!B@%KC!E7,&)!,+!IP!@.!@%KfI!E7,&)!'.-'7*()E!L)-'7*(',.E!S'(;!-)+'.'()!*.('7;,A'.)&0'7!
*7('='(/!*.-!E)=)&)!.)0*('=)!7,0.'('=)!)++)7(E! i"N$j!BE))!@ZZ).-'\!I7CP!

!
$P! 1&,(,.!Z5LZ!'.;'T'(,&E!*&)!'LZA'7*()-!*E!Z,().('*AA/!'.*ZZ&,Z&'*()[!*77,&-'.0!(,!K))&hE!*.-!?MH11!

7&'()&'*!S;).!(;)/!*&)!5E)-!(,!(&)*(!Z)Z('7!5A7)&!-'E)*E)!*(!L*\'L5L!(;)&*Z)5('7!-,E)!+,&!k^!S))<EP!
M;)'&!5E)!S'AA!T)!-)+'.)-!5E'.0!@M%!7,-)!@8"K%!BE))!@ZZ).-'\!I-C[!*(!L*\'L5L!-,E)!*.-!(;)!
Z&)E).7)!,+!*!6)*-!7,-)!'.-'7*('.0!Z)Z('7!5A7)&!-'E)*E)!BX9I/"88[!X9IDP88[!9"O9P88[!9$%9P88[!X9I8"88[!
X9I/988[!X9IPP88CP!!!

!
NP! @!T'.*&/!'.-'7*(,&!&)Z&)E).('.0!(;)!5E)!,+!*./!,+!(;)!*T,=)!123E !

!
FP! @!7,.('.5,5E!'.-'7*(,&!,+!(;)!(,(* A!.5LT)&!,+!Z&)E7&'T)-!L)-'7'.)E!S'(;'.!(;)!" JL,.(;!('L)!Z)&',-EP!

M;'E!S'AA!'.7A5-)!*AA!Z&)E7&'T)-!L)-'7*(',.E!T5(!)\7A5-)!-)='7)E[!-&)EE'.0E!*.-!(,Z'7*A!Z&)Z*&*(',.EP!!
!
@AA!;)*A(;!,5(7,L)E!S'AA!T)!L)*E5&)-!*E!(;)!Z&)E).7)!,+!*!Z&)E7&'Z(',.!*(!*./!Z,'.(!S'(;'.!(;)!" JL,.(;!('L)!
Z)&',-EP!!
!
O%C3&13#+')
1,().('*AA/!7,.+,5.-'.0!=*&'*TA)E!S'AA!T)!7,-)-!*(!(;)!-*()!,+!E(5-/!).(&/P!b)L,0&*Z;'7!+*7(,&E!'.7A5-'.0!3<+,)'+L,)
2%I%&Q141#E,)XK9)354)D*)S&32#12+!S)&)!E)A)7()-!,.!(;)!T*E'E!,+!+*7(,&E!(;*(!*&)!Z,().('*AA/!A'.<)-!(,!(;)!
Z&)E7&'Z(',.!,+!Z,().('*AA/!'.*ZZ&,Z&'*()!L)-'7*(',.E!*.-!5E)!,+!b@6P!!

•! %,L,&T'-'(/!S'AA!T)!-)+'.)-!5E'.0!(;)!%;*&AE,.!%,L,&T'-'(/!2.-)\!B%%2C!i"N^j P!M;)!%%2!'E!(;)!L,E(!S'-)A/!
=*A'-*()-!*.-!5E)-!7,L,&T'-'(/!E7,&)! i"F8j P!%,L,&T'-'(/!E7,&)!S'AA!T)!7*A75A*()-!5E'.0!6)*-!%,-)E!(;*(!
;*=)!T)).!=*A'-*()-!+,&!5E)!'.!%16b! i"N][!"F9j P!!

"! 23b!+,&!O.0A*.-!iIN]j !'E!T*E)-!,.!A)=)AE!,+!'.7,L)[!)LZA,/L).([!;)*A(;[!)-57*(',.[!7&'L)[!*77)EE!(,!
E)&='7)E!*.-!A'='.0!).='&,.L).(P!b'++)&).('*A!Z&)E7&'T'.0!*77,&-'.0!(,!*&)* JA)=)A!-)Z&'=*(',.!;*E!T)).!
'-).('+')-!'.!Z),ZA)!S'(;!-)L).('*! iIF8j P!!

"! G1!Z&*7('7)JA)=)A!=*&'*(',.!'.!E*+)!Z&)E7&'T'.0!;*E!Z&)=',5EA/!'-).('+')-!'.!%16b!i99FjP!!!
!

@.!*--'(',.*A!7,=*&'*()!(,!*77,5.(!+,&! \PV)+L2+S#1%5)S3#1+5#'!S'AA!*AE,!T)!'.7A5-)-!*(!)*7;!('L)!Z,'.(P!!
•! K)(S)).!"89N J"89F!*.!*=)&*0)!,+!9"P#m!,+!Z*(').(E!'.!O.0A*.-!S)&)!)\7)Z()-!+&,L!gHV!-)L).('*!

'.-'7*(,&EP!O\7)Z(',.E!(,!gHV!'.-'7*(,&E!7*.!,775&!S;).!*!Z*(').(!'E!-))L)-!7A'.'7*AA/!5.E5'(*TA)!,&!(;)!
Z*(').(!-)7A'. )EP!!

•! O\7)Z(',.E!S'AA!T)!-)+'.)-!5E'.0!6)*-!%,-)E!];bPP88!BO\7)Z(',.!&)Z,&('.0d!-)L).('*!e5*A'(/!'.-'7*(,&EC[!
];b8P88!BO\7)Z()-!+&,L!-)L).('*!e5*A'(/!'.-'7*(,&Ed!1*(').(!5.E5'(*TA)C!];b9P88!BO\7)Z()-!+&,L!
-)L).('*!e5*A'(/!'.-'7*(,&Ed!2.+,&L)-!-'EE).(C!*.-!^ %3a"88[!^2@)888[!^2@)"88!*.-!^%3aI88P!!

!
@.!*--'(',.*A!7,=*&'*()!(,!*77,5.(!+,&!7*&)!;,L)!&)E'-).7)!S'AA!T)!'.7A5-)-!(,!*77,5.(!+,&!=*&'*(',.!'.!Z&)E7&'T'.0!'.!
7*&)!;,L)E!7,LZ*&)-!(,!Z*(').(E!S'(;!-)L).('*!A'='.0!'.!(;)!7,LL5.'(/P!U;)(;)&!*!Z*(').(!'E!&)E'- ).(!'.!*!7*&)!
;,L)!S'AA!T)!-)+'.)-!5E'.0!3)-!%,-)E!'.-'7*('.0!7*&)Y.5&E'.0Y&)E'-).('*A!;,L)!*.-!%,.E5A(*(',.!M/Z)!7,-)E!
'.-'7*('.0!(;*(!(;)!7,.E5A(*(',.!(,,<!ZA*7)!'.!*!7*&)!;,L)P!! !
&
'
@/ 93#3])>#3#1'#123?)!53?E'1')

!1I).N)F%)+'#1I3#+)#$+)S&+C3?+52+)%T)*XK)"'+)15)S+%S?+)81#$)4+I+5#13)15)S&1I3&E)23&+)15)75<?354)Q+#8++5)AM.^)
354)AM._/)M;)!Z&)=*A).7)!,+!)*7;!;)*A(;!,5(7,L)!B*.('ZE/7;,('7E[!(&'7/7A'7!*.('-)Z&)EE*.(E[!-)+'.'()!
*.('7;,A'.)&0'7E!*.-!Z&,(,.!Z5LZ!'.;'T'(,&EC!* .-!(;)!L)*.!.5LT)&!S'AA!T)!)E('L*()-!'.!)*7;!"!L,.(;!Z)&',-!
*7&,EE!(;)!E(5-/!Z)&',-P!!V,&!)*7;!Z)&',-!S)!S'AA!'.7A5-)!Z*(').(E!S'(;!*!-)L).('*!-'*0.,E'E!*(!,&!T)+,&)!(;)!
E(*&(!,+!(;*(!Z)&',-!*.-!S;,!&)L*'.)-!'.!(;)!E(5-/!+,&!'(E!-5&*(',.P! !

!



!

"^9 !

!

!"#$%&'()*%&#+&,)-. /,)!&#$"&,)!/). ,)012$3&4'%5,)6/). ,)7483&4',)9: /,);&1<$#,)9=/,)>#++?,)@A/,)B)>3CC3,)D. /))
)
! "#$%%&'%(')*+&,$'"#-*.#*/'0.-1*2/-,3'%('4+/,'5.6&-+7'89%2:-#$';*<-#+&'"#$%%&'0.-1*2/-,3'%('4+/,'5.6&-+7'="#$%%&'%('
>$+2?+#3'0.-1*2/-,3'%('4+/,'5.6&-+7'@"%A,$'9%2(%&B'CCD'
!
!1I)AN!F%)+'#1I3#+)#$+)2$35<+)15)S&%Q3Q1?1#E)%T)Q+15<)S&+'2&1Q+4)3)S%#+5#13??E)153SS&%S&13#+)I+4123#1%5)Q+T%&+)

354)3T#+&)3)K0)%&)9!0/)V,&!)*7;!Z*&('7'Z*.(!(;)!+'&E(!b@6!*.-!+'&E(!L)-'7*(',.!&)=')S!S'(;'.!(;)!E(5-/!Z)&',-!
S'AA!T)!'-).('+')-P!M;)!Z&)E).7)!,+!)*7;!T'.*&/!,5(7,L)[!*.-!(;)!.5LT)&!,+!Z&)E7&'Z(',.E!S'AA!T)!-)E7&'T)-!'.!(;)!
"!L,.(;!Z)&',-!Z&)7)-'.0!(;)!,.)!'.7A5-'.0!(;)!'.-)\!&)=')S!*.-!'.!(;)!(S,!L,.(;!Z)&',-!*+()&!(;)!Z)&',-!
'.7A5-'.0!'.-)\!&)=')SP!M;)!b@6!*.-!L)-'7*(',.!&)=')S!S'AA!T)!(&)*()-!E)Z*&*()A/!'.!*.* A/E)EP!!

!
M;)!Z&)E).7)!,+!123!S'AA!T)!-)E7&'T)-!'.!(;)!"!L,.(;!Z)&',-!Z&)7)-'.0!*.-!Z,E(!(;)!'.-)\!&)=')S!(,!&)A'*TA/!7*Z(5&)!

(;)!)++)7(!,+!(;)!&)=')S!,.!7;*.0)E!'.!Z&)E7&'Z(',.E[!7,LZ*&'.0!(;)!Z&)E7&'Z(',.E!T)+,&)!*.-!*+()&!(;)!&)=')SP!!
!
37Q)L*&!()E(E!S'AA!T)!5E)-!(,!()E(!(;)!;/Z,(;)E'E!,+!.,!7;*.0)!'.!T'.*&/!,5(7,L)E!123!B*.('ZE/7;,('7E[!(&'7/7A'7!

*.('-)Z&)EE*.(E[!-)+'.'()!*.('7;,A'.)&0'7E[!Z&,(,.!Z5LZ!'.;'T'(,&EC!T)+,&)!*.-!*+()&!(;)!&)=')SP!U'A7,\,.!E'0.)-!
&*.<!()E(E!S'AA!()E(!(;)!;/Z,(;)E'E!,+!.,!7;*.0)!'.!(;)!.5LT)&!,+!Z&)E7&'Z(',.E!'.!(;)!Z)&',-E!T)+,&)!*.-!*+()&!
(;)!&)=')SP!!

!
!1I)=N!F%)+'#1I3#+)#$+)S3#1+5#)354)S&32#12+)?+C+?)T32#%&')3''%213#+4)81#$)+32$)*XK)15)S+%S?+)81#$)4+I+5#13,)

152?"415<)#$+)+TT+2#)%T)3<+,)'+L,)2%I%&Q141#E,)3&+3`?+C+?)4+S&1C3#1%5,)&+'14"3?)Q+#8++5)S&32#12+)C3&13#1%5)354)
\PV)+L2+S#1%5/))35A('A)=)A!L'\)-!)++)7(E!A,0'E('7!&)0&)EE',.!L,-)AE!S'AA!T)!5E)-!(,!)E('L*()!Z*(').(!*.-!Z&*7('7)!
A)=)A!+*7(,&E!*EE,7'*()-!S'(;!)*7;!123!B*.('ZE/7;,('7[!(&'7/7A'7!*.('-)Z&)EE*.(E[!-)+'.'()!*.('7;,A'.)&0'7E!*.-!
Z&,(,.!Z5LZ!'.;'T'(,&EC!-5&'.0!)*7;!"!L,.(;!Z)&',-P!M;)!&)0&)EE',.!L,-)AE!S'AA!'.7A5-)!+'\)-!)++)7(E!,+!*0)[!E)\[!
7,L,&T'-'(')E[!*&)* JA)=)A!-)Z&'=*(',.[!b@6!'.!(;)!Z&)=',5E!Z)&',-!*.-!36!'.!(;)!Z&)=',5E!Z)&',-[!7*&)!;,L)!
&)E'-).7)!*.-!*E!S)AA!*E!&*.-,L!)++)7(E!,+!G1!Z&*7('7)!*.-!S'(;'. JZ*(').(!=*&'*(',.P!M;)!b@6!*.-!36!S'AA!T)!
(&)*()-!E)Z*&*()A/!'.!*.*A/E)EP!!

!
V,&!Z&'L*&/!,5(7,L)E!S)!S'AA!E)(!(;)!(;&)E;,A-!+,&!E'0.'+'7*.7)!+,AA,S'.0!(;)!K).c*L'.'JR,7;T)&0!B$9[!$"C!Z&,7)-5&)!

(,!7,.(&,A!(;)!+*AE)!-'E7,=)&/!&*()!*(!8P8N[!5E'.0!9"!()E(E!7,&&)EZ,.-'.0!(,!E'\!Z&'L*&/!,5(7,L)E!*.-!(S,!Z&'L*&/!
)\Z,E5&)EP!!!

!
@.*A/E)E!S'AA!T)!E(&*('+')-!T/!7*&)!;,L)!&)E'-).7)!(,!*77,5.(!+,&!7,.+,5.-'.0P!!
!
>+5'1#1C1#E)353?E'+'))
)
?).E'('='(/!*.*A/E)E!S'AA!T)!Z)&+,&L)-!&)Z)*('.0!*.*A/E)E!*--&)EE'.0!!1I).N)7'#1I3#15<)#$+)S&+C3?+52+)%T)*XK)"'+)15)

S+%S?+)81#$)4+I+5#13)15)S&1I3&E)23&+)15)75<?354)Q+#8++5)AM.^)354)AM._/!M;)!*.*A/E'E!S'AA!T)!&)Z)*()-!'.!9!
L,.(;!*.-!I!L,.(;!('L)!Z)&',-E[!'.E()*-!,+!"!L,.(;E!*E!Z)&!Z&'L*&/!*.*A/E'EP! !

!
)
P/ *?35)T%&)344&+''15<)2%5T%"5415<)

>E'.0!A,0'E('7!&)0&)EE',.!*.*A/E)E!S)!S'AA!T)!*TA)!(,!*-c5E(!+,&!*0)[!E)\[!7,L,&T'-'(/[!-)Z&'=*(',.!*.-!&*.-,L!
Z&*7('7)!*.-!'.-'='-5*A!=*&'*(',.P!1*(').(E!S'AA!T)!7).E,&)-!*(!(;)!('L) JZ)&',-!'.!S;'7;!(;)/!A)*=)!(;)!Z&*7('7)[!-')!,&!
*(!(;)!).-!,+!(;)!E(5-/!Z)&',-!BI8Y8$Y"89#CP!M;)!L*'.!)++)7(!,+!'.()&)E(!S'AA!T)!)E('L*()-!Z&'L*&'A/!T*E)-!,.!S'(;'. J
Z*(').(!7,LZ*&'E,.E!*.-!E,!(;)!Z,().('*A!+,&!Z*(').( JA)=)A!7,.+,5.-)&E!(,!*++)7(!&)E5A(E!'E!A'L'()-P!!b)L).('*!&)=')S!
E;,5A-!T)!E7;)-5A)-!*..5*AA/!'&&)EZ)7('=)!,+!Z*(').(JA)=)A!+*7(,&EP!!2(!'E!A'<)A/!(;*(!Z&*7('7)!A)=)A!=*&'*(',.!)\'E(E!E,!S)!
S'AA!*-c5E(!+,&!&*.-,L!)++)7(!,+!Z&*7('7)!'.!,5&!*.*A/E'EP!
!
1,().('*A!7,.+,5.-'.0!L*/!,775&!-5)!(,!(;)!Z*(').(E!A'='.0!'.!*!7*&)Y.5&E'.0Y&)E'-).('*A!;,L)P!M;'E!S'AA!T)!*-c5E()-!
+,&!T/!E(&*('+/'.0!*.*A/E)E!T/!7*&)!;,L)!&)E'-).7)!(,!)\ZA,&)!(;)!7,.+,5.-'.0!&,A)!,+!&)E'-).('*A!E(*(5E!,.!123!
Z&)E7&'Z(',.P!!
!
*/  *?35')T%&)344&+''15<)I1''15<)43#3))

?'.7)!(;)!)\Z,E5&)!,+!*!b@6!,&!L)-'7*(',.!&)=')S[!(;)!,5(7,L)E!,+!Z,().('*AA/!'.*ZZ&,Z&'*()!Z&)E7&'Z(',.E!*.-!
7,L,&T'-'(/!S'AA!T)!(&)*()-!*E!T'.*&/!=*&'*TA)E!BZ&)E).(!'.!(;)!Z*(').(!&)7,&-!,&!.,(C[!(;)&)!'E!.,!Z,().('*A!+,&!-*(*!(,!
T)!lL'EE'.0hP!U)!S'AA!,.A/!'.7A5-)!Z*(').(E!+&,L!Z&*7('7)E!S'(;!Z&*7('7)!A)=)A!23b!*=*'A*TA)P!1*(').(E!S'(;!.,!
'.+,&L*(',.!,.!*0)!,&!E)\!S'AA!T)!)\7A5-)-P !
!
M;)!&)E'-).('*A!E(*(5E!,+!(;)!Z*(').(E!'E!,+().!5.7A)*&[!S)!S'AA!T)!*TA)!(,!*E7)&(*'.!'+!*!Z*(').(!;*E!;*-!*!7,.E5A(*(',.!
'.!*!7*&)!;,L)!5E'.0!%,.E5A(*(',.!M/Z)!7,-)EP!M;)E)!Z&,='-)!*.!'.-'7*(',.!(;*(!(;)!Z*(').(!S*E!&)E'-).(!'.!*!7*&)!



!

"^" !

!

!"#$%&'()*%&#+&,)-. /,)!&#$"&,)!/). ,)012$3&4'%5,)6/). ,)7483&4',)9: /,);&1<$#,)9=/,)>#++?,)@A/,)B)>3CC3,)D. /))
)
! "#$%%&'%(')*+&,$'"#-*.#*/'0.-1*2/-,3'%('4+/,'5.6&-+7'89%2:-#$';*<-#+&'"#$%%&'0.-1*2/-,3'%('4+/,'5.6&-+7'="#$%%&'%('
>$+2?+#3'0.-1*2/-,3'%('4+/,'5.6&-+7'@"%A,$'9%2(%&B'CCD'
!
;,L)P!@.!*A()&.*('=)!*EE5LZ(',.!S'AA!T)!(;*(!'+!(;)&)!'E!.,!&)7,&-!,+!l7*&)!;,L)h!(;).!(;)!Z*(').(!'E!&)E'-).(!'.!(;)'&!
,S.!;,L)!,&!*(!A)*E([!.,(!'.!*!7*&)!;,L)P!M;)&)+,&)[!S;'AE(!(;)&)!S'AA!T)!-*(*!L'EE'.0[!(;'E!S'AA!T)!&)7,&-)-!*E!l.,(!
7*&)!;,L)h!*.-!S'AA!T)!*EE5L)-!(;)/!*&)!&)E'-). (!'.!(;)'&!,S.!;,L)P! !
)

\/  *3#1+5#)%&)"'+&)<&%"S)15C%?C+I+5#)J1T)3SS?123Q?+N)

%*&)&E!,+!Z),ZA)!S'(;!-)L).('*!*.-!;)*A(;!Z&,+)EE',.*AE!S,&<'.0!S'(;!Z),ZA)!S'(;!-)L).('*!;*=)!T)).!'.=,A=)-!'.!
=*&',5E!Z&,c)7(E!S'(;'.!(;)!Z;*&L*7,)Z'-)L',A,0/!&)E)*&7;!0&,5Z!*(!(;) !>.'=)&E'(/!,+!O*E(!@.0A'*!*.-!S'AA!7,.('.5)!
(,!T)!'.=,A=)-!'.!E)Z*&*()!*-='E,&/!0&,5ZE!(;&,50;,5(!(;'E!E(5-/P!M;)!*-='E,&/!0&,5ZE!*.-!@AD;)'L)&hE!?,7')(/!
6)E)*&7;!Q)(S,&<!_,A5.())&E!;*=)!*EE'E()-!'.!(;)!-)=)A,ZL).(!,+!(;)!Z&,(,7,A!*.-!S'AA!7,.('.5)!(,!'.+ ,&L!(;)!
E(5-/!*.-!(;)!-'EE)L'.*(',.!,+!(;)!+'.-'.0EP !
!
0/ *?35')T%&)41''+I153#15<)354)2%II"5123#15<)'#"4E)&+'"?#',)152?"415<)#$+)S&+'+52+)%&)3Q'+52+)%T)35E)&+'#&12#1%5')

%5)#$+)+L#+5#)354)#1I15<)%T)S"Q?123#1%5))
)
U)!S'AA!T)!S,&<'.0!(,S*&-E!Z5TA'7*(',.!*.-!-'EE)L'.*(',.!T/!X*.5*&/!"89^P!U)!ZA*.!(,!Z&)E).(!(;)!S,&<!'.!
*7*-)L'7!Z*Z)&E!*.-!*(!'.()&.*(',.*A!BE57;!*E!@AD;)'L)&hE!b'E)*E)!2.()&.*(',.*A!"89#!*.-!>:!-)L).('*!7,.+)&).7)E!
B@AD;)'L)&hE!?,7')(/!6)E)*&7;!7,.+)&).7)!"89#C!*.-!,.)!;)*A(;!Z&,+)EE',.*AE!7,.+)&).7)!B)P0P!K&'('E;!?,7')(/!,+!
G)&,.(,A,0/[!"89#CP!
)

>/ H1I1#3#1%5')%T)#$+)'#"4E)4+'1<5,)43#3)'%"&2+',)354)353?E#12)I+#$%4'))

>#"4E)4+'1<5()U)!7*..,(!L)*E5&)!*.-!E,!7*..,(!*77,5.(!+,&!(;)!Z,().('*A!7,.+,5.-)&!,+!(;)!Z*(').(hE!&)E'-).('*A!
E(*(5E!B7,LL5.'(/!,&!7*&)!;,L)CP!3)-'7'.)!5E)!7*.!=*&/!*7&,EE!(;)E)!E)(('.0E!*.-!(;)&)!'E!A'<)A/!(,!T)!L,&)!
Z,().('*AA/!'.*ZZ&,Z&'*()!Z&)E7&'T'.0!'.!7*&)!;,L)E!iIF9 nIFIj P!@--'(',.*AA/[!(;)!5E)!,+!b@6!L*/!T)!A)EE!'.!7*&)!
;,L)E!*E!)\7)Z(',.E!7*.!T)!L*-)[!L*<'.0!(;)!Z*(').(!)\)LZ(!+&,L!(;)!&)=')S!'+!(;)!Z*(').(!'E!()&L'.*AA/!'AA[!
)\(&)L)A/!+&*'A!,&!(;)!E)=)&'(/!,+!(;)'&!7,.-'(',.!L*/!'.;'T'(!(;)'&!).0*0)L).(!S'(;!(;)!&)=')S! i999jP!!
!
U)!;*=)!E)A)7()-!L)-'7*(',.E!5E'.0!*-='7)!+&,L!Z&)E7&'T)&E!*.-!5E)-!?MH11!*.-!K))&hE!(,!'-).('+/!L)-'7*(',.E!(;*(!
*&)!EZ)7'+'7*AA/!'LZA'7*()-!'.!Z),ZA)!S'(;!-)L).('*P!M;'E!Z&,='-)E!*!L)*.E!,+!+,75E'.0!,.!L)-'7*(',.E!(;*(!7*.!T)!
(*&0)()-!*.-!*&)!'.-'7*('=)!,+!*.!,=)&*AA!Z*(()&.!,+!Z&)E7&'T'.0!e5*A'(/[!;,S)=)&!(;)E)!*&)!.,(!)\;*5E('=)!*.-!S)!S'AA!
.,(!T)!*77,5.('.0!+,&!(;)!&*.0)!,+!Z,().('*AA/!'.*ZZ&,Z&'*()!Z&)E7&'T'.0!(;*(!L*/!)\ 'E(!'.!Z&'L*&/!7*&)!'.!(;'E!
Z,Z5A*(',.P!!
!
2.*ZZ&,Z&'*()!112!5E)!'E!'LZA'7*()-!S;).!'(!'E!5E)-!(,!(&)*(!Z)Z('7!5A7)&!-'E)*E)!*(!L*\'L5L!(;)&*Z)5('7!+,&!k^!
S))<EP!U)!S'AA!L)*E5&)!112!5E)!*E!*!E'.0A)!Z&)E7&'Z(',.!S'(;'.!)*7;!"!L,.(;!Z)&',-!;,S)=)&!S)!S'AA!.,(!<.,S!
S;)(;)&!(;)!112!5E)!'E!7,.('.5,5E!+,&!^!S))<E!*7&,EE!(;'E!('L)P!@--'(',.*AA/[!S)!L*/!.,(!;*=)!(;)!+5AA!7,L,&T'-'(/!
'.+,&L*(',.!(;*(!'E!&)e5'&)-!(,!'LZA)L).(!(;)!?MH11!,&!K))&hE!%&'()&'*!+,&!112!5E)P!2.*ZZ&,Z&'*()!112!5E)!'.!(;'E!7*E)!
'E!'.-'7*()-! +,&!Z)Z('7!5A7)&!-'E)*E)P!U)!S'AA!*77,5.(!+,&!(;'E!T/!'-).('+/'.0!Z*(').(E!S;,!*AE,!;*=)!*!6)*-!7,-)!+,&!
lZ)Z('7!5A7)&!-'E)*E)h[!T5(!'(!L*/!T)!-'++'75A(!(,!*77,5.(!+,&!(;)!-5&*(',.!,+!5E)!'.!&)A*(',.!(,!(;'E!-'E)*E)!*.-!(;)!
-5&*(',.!,+!L)-'7*(',.!5E)P !
!
93#3)'%"&2+'()U)!S'AA!.,(!<.,S!(;)!E)=)&'(/!,+!(;)!-)L).('*[!S;'7;!S,5A-!T)!'LZA'7*()-!'.!(;)!Z&)E7&'Z(',.!,+!
*.('ZE/7;,('7!L)-'7*(',.E!S;'7;!*&)!5E)-!(,!L*.*0)!E)=)&)!T);*=',5&*A!*.-!ZE/7;,A,0'7*A!E/LZ(,LE!,+!-)L).('*P!
U)!S'AA!.,(!<.,S!(;)!'.-'7*(',.E!+,&!L, E(!L)-'7*(',.E!E,!S)!S'AA!T)!5.*TA)!(,!L*<)!'.-'='-5*A!c5-0L).(E!*T,5(!
S;)(;)&!*!L)-'7*(',.!'E!*ZZ&,Z&'*()!,&!.,(P!123!7&'()&'*!*&)!*.!'.-'7*(',.!(;*(!L)-'7*(',.E!*&)!A'<)A/!(,!T)!
'.*ZZ&,Z&'*()[!*.-!E,!*&)!5E)+5A!(,!c5-0)!(;)!e5*A'(/!,+!Z&)E7&'T'.0!'.!*!Z,Z5A*(',.!&*(;)&!(;*.!S'(;'.!'.-'='-5*AEP !!
!
!53?E#12)I+#$%4'()K/!5E'.0!T'.*&/!,5(7,L)E!(,!*EE)EE!(;)!Z&)E).7)!,&!.,(!,+!Z*&('75A*&!123!S)!L*/!L'EE!E5T(A)!
7;*.0)E!'.!L)-'7*(',.!-,E*0)!(;*(!L*/!7;*.0)!*E!*!&)E5A(!,+!(;)!L)-'7*(',.!&)=')SP!R,S)=)&[!(;)!E)A)7() -!
L)-'7*(',.E!*&)!'LZA'7*()-!'.!7&'()&'*!(;*(!E500)E(!E(,ZZ'.0!&*(;)&!(;*.!&)-57'.0!(;)!-,E*0)P! !
)

!
! !
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"^I !

!

7;=;I ! ?33(0/-@)I)J(/-"%.-*0)"*/-02)'-5.5))

!%#! ?0.-"G*'-0(,2-"5))

!FO) !5#12$%?15+&<12)4&"<) !O- )

!! !! I !
Q8F@@8]! @L'(&'Z(/A'.)! I !
@8F@@9#! @L,\*Z'.) ! !
Q8F@@8]! @L'(&'Z(/A'.)! I !
Q8F@@8]! @L'(&'Z(/A'.)! I !
@8IK@89! @(&,Z'.)! I !
@8IK@89! @(&,Z'.)! I !
Q8$@789! K).D(&,Z'.) ! !
68F@K89! K&,LZ;).'&*L'.) ! I !
68F@@8^! %*&T'.,\*L'.) ! !
68F@K8$! %;A,&Z;).*L'.) ! I !
!68F@K8$! %;A,&Z;).*L'.) ! I !
Q8N@@89! %;A,&Z&,L*D'.)! I !
68F@@8$! %A)L*E('.)! I !
Q8F@@8$! %A,L'Z&*L'.) ! I !
!Q8N@R8"! %A,D*Z'.)! I !
!G8$Kb98! b*&'+).*7'. ! I !
Q8F@@89! b)E'Z&*L'.) ! !
@8I@@8#! b'7/7A,L'.) ! I !
!68F@@N"! b'L).;/-&'.*() ! I !
68F@@8"! b'Z;).;/-&*L'.) ! I !
Q8F@@9"! b,\)Z'. ! I !
68F@@8]! b,\/A*L'.) ! I !
!G8$Kb899! V)E,()&,-'.)!+5L*&*() ! I !
G8$Kb8"! VA*=,\*()! I !
@8"Kr8I! R,L*(&,Z'.) ! I !
Q8NKK89! R/-&,\/D'.) ! I !
Q8NKK89! R/-&,\/D'.) ! I !
@8IK@8I! R/,E7/L'.) ! I !
Q8F@@8"! 2L'Z&*L'.) ! I !
68F@O8N! 3)7A'D'.)!! !
38IK@8I! 3)(;,7*&T*L,A ! I !
Q8F@@98! Q,&(&'Z(/A'.)! I !
Q8F@@98! Q,&(&'Z(/A'.)[+A5Z).*D'.)! I !
!Q8N@R8I! HA*.D*Z'.)! I !
38IK%89!! H&Z;).*-&'.) ! I !
G8$Kb8$! H\/T5(/.'. ! I !
Q8F@K8N! 1*&,\)('.) ! I !
Q8N@K8I! 1)&Z;).*D'.) ! I !
68F@b8"! 1&,L)(;*D'.) ! I !
@8I@K8N! 1&,Z*.(;)A'.) ! I !
!G8$Kb8F! 1&,Z'=)&'.)!;/-&,7;A,&'-) ! I !
!Q8N@R8$! g5)('*Z'.) ! I !
!G8$Kb8 !̂ ?,A'+).*7'.!E577'.*()!! I !
!G8$Kb8N! M)&,-'A'.)! I !
Q8N@%8"! M;',&'-*D'.) ! I !
G8$Kb8#! M,A()&,-'.) ! I !
!G8$Kb8#! M,A()&,-'.) ! I !



!

"^$ !

!

Q8N@K8F! M&'+A5,Z)&*D'.)! I !
Q8$@@89! M&';)\/Z;).'-/A ! I !
Q8F@@8F! M&'L'Z&*L'.)! I !
!G8$Kb8]! M&,EZ'5L!7;A,&'-)! I !

!

!&#! E,*.*0)E643)B0G-&-.*,5))

*&%#%5)*"IS)X5$1Q1#%&')

!%23OM2b2QO!! !q%23OM2b2QOs@`G2Q2%!7;)S!(*TE!!
6@Q2M2b2QO!9N8L0Y98L`!EY+!E/&!

!M@G@3OM!"88L0!(*TA)(E!! !q%23OM2b2QOs@`G2Q2%!7;)S!(*TE!! !6@Q2M2b2QO!9N8L0Y98L`!EY+!E,A.!!

!M@G@3OM!$88L0!(*TA)(E!! !q%23OM2b2QOs@`G2Q@MO!E5EZ!! !6@Q2M2b2QO!9N8L0!(*TA)(E!!

!M@G@3OM!^88L0!(*TA)(E!! !q%23OM2b2QOs@`G2Q@MO!E5EZ!! !q6@Q2M2b2QO!9N8L0!-'EZ!(*TE!!

!M@G@3OM!"88L0YNL`!E/&5Z!! !%23OM2b2QO!"88L0!(*TA)(E!! !6@Q2M2b2QO!I88L0!(*TA)(E!!

!qM@G@3OM!"88L0Y"L`!'.c)7(',.! ! !%23OM2b2QO!$88L0!(*TA)(E!! !6@Q2M2b2QO!N8L0Y"L`!'.c)7(',.!!

!qM@G@3OM!$L0YL`!'J=!'.+!988L`!! !%23OM2b2QO!^88L0!(*TA)(E!! !126OQaO12QO!!

!qb4?1@3OM!%ROUM@K!"88L0!(*TE!! !%23OM2b2QO!"88L0YNL`!E/&5Z!! !qG@?M6HaO12Q!N8L0!(*TA)(E!!

!qb4?1@3OM!"88L0YNL`!E5EZ).E',.!! !q%23OM2b2Q!"88L0Y"L`!'.c)7(',.!! !q126OQaO12QO!N8L0!(*TA)(E!!

!q%23OM2bQO!"88L0YNL`!E5E!F88L`!! !q%23OM2b2QO!$L0YL`!'J=!'.+!! !K2?3>MR!%RO`@MO!!

!qG@`OQ@3OM!"88L0!(*TA)(E!! !6@Q2M2b2QO!! !qbOJQH`!9"8L0YNL`!A'e5'-!988L`!!

!qG@`OQ@3OM!$88L0!(*TA)(E!! !a@QM@%!9N8L0!(*TA)(E!! !qbOJQH`!9"8L0YNL`!A'e5'-!NF8L`!!

!qG@`OQ@3OM!^88L0!(*TA)(E!! !qa@QM@%!9N8L0!-'EZ!(*TE!! !bOJQH`M@K!9"8L0!(*TA)(E!!

!q%23OM2b2QO!$88L0!)++!(*TE!! !a@QM@%!I88L0!(*TA)(E!! !qK2?3>MR!%RO`@MO!9"8L0YNL`!A'e!!

!q%23OM2b2QO!"88L0!7;)S!(*TE!! !a@QM@%!N8L0Y"L`!'.c)7(',.!! !K2?3>MR!%RO`@MO!9"8L0!(*TA)(E!!

!q1R23OM2Q!"88L0!(*TA)(E!! !a@QM@%!9N8L0Y98L`!E+!E/&!I88L`!! !?>%6@`V@MO!!

!q1R23OM2Q!$88L0!(*TA)(E!! !a@QM@%!OVVO6_O?%OQM!9N8L0!(*TE!! !@QMO1?2Q!90!(*TA)(E!!

!q1R23OM2Q!^88L0!(*TA)(E!! !a@QM@%!OVVO6_O?%OQM!I88L0!(*TE!! !@QMO1?2Q!90YNL`!E5EZ).E',.!!

!%23OM2b2QO!"88L0YNL`!EY+!E,A.!! !6@Q2M2b2QO!9N8L0!)++!(*TE!! !?>%6@`V@MO!90YNL`!E5EZ).E',.! !

!q%23OM2b2QO!$88L0Y988L`!'.+!! !6@Q2M2b2QO!I88L0!)++!(*TE!! !?>%6@`V@MO!90!(*TA)(E!!

!qa2M@!"88L0!(*TA)(E!! !q6@%26@Q!9N8L0!(*TA)(E!! !%@6KOQHrH`HQO!?Hb2>3!iG2j!!

!qa2M@!$88L0!(*TA)(E!! !q6@%26@Q!I88L0!(*TA)(E!! !qK2HG@?M6HQO!N8L0!(*TA)(E!!

!qa2M@!^88L0!(*TA)(E!! !qa@ObH%!9N8!(*TA)(E!! !qb>HG@?M6HQO!N8L0!(*TA)(E!!

!q>`MO%!"88L0!(*TA)(E!! !qa@ObH%!I88!(*TA)(E!! !q146HG@?M6HQO!7;)S*TA)!(*TA)(E!!

!q>`MO%!$88L0!(*TA)(E!! !q6@QMO%!9N8L0!(*TA)(E!! !q146HG@?M6HQO!A'e5'-!!

!q>`MO%!^88L0!(*TA)(E!! !q6@QMO%!I88L0!(*TA)(E!! !q%@6KOQHrH`HQO!?Hb!N8L0!(*TE!!

!q@%2M@:J"88!(*TA)(E!! !6@Q2M2%!9N8L0!(*TA)(E!! !̀ 2g>H62%O!bOG`4%466R2a2Q2?Ob!!

!q@%2M@:J$88!(*TA)(E!! !6@Q2M2%!I88L0!(*TA)(E!! !q%@_ObJ?!(*TA)(E!!

!q@%2M@:Ĵ 88!(*TA)(E!! !R2?M@%!9N8L0!(*TA)(E!! !q6@K6H!(*TA)(E!!

!qM@G@3OM!b>@`!@%M2HQ!A'e!"88L`!! !R2?M@%!I88L0!(*TA)(E!! !V@3HM2b2QO!!

!qM@G@3OM!b>@`!@%M2HQ!A'e!F88L`!! !6@Q2M2`!9N8L0!(*TA)(E!! !V@3HM2b2QO!"8L0!(*TA)(E!!

!q@`G2MO%!"88L0YN88L0!7;)S!(*TE!! !6@Q2M2`!I88L0!(*TA)(E!! !V@3HM2b2QO!$8L0!(*TA)(E!!

!q@`G2MO%!988L0Y"N8L0YNL`!E5EZ!! !a@QM@%!#N!b2??H`_O!)++!(*TE!! !1O1%2b!"8L0!(*TA)(E!!

!q%23OM2b2QO!%H31H>Qb!E5EZ!! !6@Q2M2b2QO!#NL0!(*TA)(E!! !1O1%2b!$8L0!(*TA)(E!!

!qM@G@3OM!OVVO6_O?%!$88L0!(*TE!! !G@_2`@?MJ1!#NL0!(*TA)(E!! !Q2a@M2b2QO!!

!q1O1M23@r!"88L0!(*TA)(E!! !6@Qa@%!#NL0!(*TA)(E!! !Q2a@M2b2QO!9N8L0!7*ZE5A)E!!

!q1O1M23@r!$88L0!(*TA)(E!! !a@QM@%!#N!(*TA)(E!! !Q2a@M2b2QO!I88L0!7*ZE5A)E!!



!

"^N!

!

!q1O1M23@r!^88L0!(*TA)(E!! !6@Q2M2b2QO!#NL0!)++!(*TA)(E!! !@r2b!9N8L0!7*ZE5A)E!!

! !! !@r2b!I88L0!7*ZE5A)E!!

! ! !q@r2b!988L0Y$L`!'.c)7(',.!!

!qQ2a@M2b2QO!988L0Y$L`!'.c!! !qQ2a@M2b2QO!988L0Y$L`!'.c!! !qH3O16@aH`O!"8L0!)Y7!(*TA)(E!!

!qa2QG@!9N8L0!7*ZE5A)E!! !qa2QG@!9N8L0!7*ZE5A)E!! !qH3O16@aH`O!$8L0!)Y7!(*TA)(E!!

!qa2QG@!I88L0!7*ZE5A)E!! !qa2QG@!I88L0!7*ZE5A)E!! !H3O16@aH`O!98L0!(*TA)(E!!

!32?H16H?MH`!! !32?H16H?MH`!! !H3O16@aH`O!"8L0!(*TA)(E!!

!32?H16H?MH`!"88L70!(*TA)(E!! !32?H16H?MH`!"88L70!(*TA)(E!! !H3O16@aH`O!$8L0!(*TA)(E!!

!%4MHMO%!"88L'7&,0&*LE!(*TA)(E!! !%4MHMO%!"88L'7&,0&*LE!(*TA)(E!! !̀ @Q?H16@aH`O!!

!q%4MHMO%!"88L'7&,0&*L!(*TA)(E!! !q%4MHMO%!"88L'7&,0&*L!(*TA)(E!! !qaHMHQ!I8L0!7*ZE5A)E!!

!H3O16@aH`O!! !H3O16@aH`O!! !̀ @Q?H16@aH`O!I8L0!7*ZE5A)E!!

!H3O16@aH`O!"8L0!)Y7!7*ZE5A)E!! !H3O16@aH`O!"8L0!)Y7!7*ZE5A)E!! !̀ @Q?H16@aH`O!9NL0!7*ZE5A)E!!

!q`H?O%!"8L0!7*ZE5A)E!\"^!! !q`H?O%!"8L0!7*ZE5A)E!\"^!! !qaHMHQ!9NL0!7*ZE5A)E!!

!̀ H?O%!"8L0!7*ZE5A)E!! !̀ H?O%!"8L0!7*ZE5A)E!! !q`@Q?H16@aH`O!I8L0!E5EZ).E',.!!

!̀ H?O%!$8L0!7*ZE5A)E!! !̀ H?O%!$8L0!7*ZE5A)E!! !qaHMHQ!I8L0!,&*A!E5EZ).E',.!!

!H3O16@aH`O!$8L0!)Y7!7*ZE5A)E!! !H3O16@aH`O!$8L0!)Y7!7*ZE5A)E!! !̀ @Q?H16@aH`O!9NL0!-'EZ!(*TE!!

!̀ H?O%!98L0!7*ZE5A)E!! !̀ H?O%!98L0!7*ZE5A)E!! !̀ @Q?H16@aH`O!I8L0!-'EZ!(*TE!!

!H3O16@aH`O!98L0!)Y7!7*ZE5A)E!! !H3O16@aH`O!98L0!)Y7!7*ZE5A)E!! !aHMHQ!V@?M@K!9NL0!-'EZ!(*TE!!

!H3O16@aH`O!$8L0!'.c!Z-&sE,A=!! !H3O16@aH`O!$8L0!'.c!Z-&sE,A=!! !aHMHQ!V@?M@K!I8L0!-'EZ!(*TE!!

!̀ H?O%!$8L0!'.c!Z,S-)&sE,A=).(!! !̀ H?O%!$8L0!'.c!Z,S-)&sE,A=).(!! !6@Q2M2b2QO!K2?3>MR!%2M6@MO!!

!H3O16@aH`O!$8L0!'J=!'.+!Z,S-)&!! !H3O16@aH`O!$8L0!'J=!'.+!Z,S-)&!! !6@Q2M2b2QO!K2?3>MR!%2M6@MO!!

!̀ H?O%!$8L0!'J=!'.+5E',.!Z,S-)&! ! !̀ H?O%!$8L0!'J=!'.+5E',.!Z,S-)&! ! !q6@Q2M2b2QO!K2?3>MR!$88L0!(*TE!!

!̀ H?O%!3>1?!98L0!(*TA)(E!! !̀ H?O%!3>1?!98L0!(*TA)(E!! !q6@Q2M2b2QO!K2?3>MR!$88L0!(*TE!!

!̀ H?O%!3>1?!"8L0!(*TA)(E!! !̀ H?O%!3>1?!"8L0!(*TA)(E!! !q14`H62b!$88L0!(*TA)(E!!

!̀ H?O%!3>1?!$8L0!(*TA)(E!! !̀ H?O%!3>1?!$8L0!(*TA)(E!! !1@QMH16@aH`O!!

!qH3O6@Q!98L0!)Y7!(*TA)(E!! !qH3O6@Q!98L0!)Y7!(*TA)(E!! !1@QMH16@aH`O!$8L0!)Y7!(*TA)(E!!

!qH3O6@Q!"8L0!)Y7!(*TA)(E!! !qH3O6@Q!"8L0!)Y7!(*TA)(E!! !16HM2>3!$8L0!)Y7!(*TA)(E!!

!qH3O6@Q!$8L0!)Y7!(*TA)(E!! !qH3O6@Q!$8L0!)Y7!(*TA)(E!! !1@QMH16@aH`O!$8L0!'.c!Z,S-)&!!

!a@Q16H`!98L0!)Y7!(*TA)(E!! !a@Q16H`!98L0!)Y7!(*TA)(E!! !16HM2>3!2P_!$8L0!'.c!Z,S-)&!!

!qG@`1R@63!RO@6MK>6Q!98L0!(*TE!! !qG@`1R@63!RO@6MK>6Q!98L0!(*TE!! !1@QMH16@aH`O!"8L0!)Y7!(*TA)(E!!

!qG@`1R@63!RO@6MK>6Q!98L0!(*TE!! !qG@`1R@63!RO@6MK>6Q!98L0!(*TE!! !16HM2>3!"8L0!)Y7!(*TA)(E!!

!>Q2%RO3!R6MK6Q!6O`2OV!98L0!(*T!! !>Q2%RO3!R6MK6Q!6O`2OV!98L0!(*T!! !6@KO16@aH`O!?Hb2>3!!

!>Q2%RO3!R6MK6Q!6O`2OV!98L0!(*T!! !>Q2%RO3!R6MK6Q!6O`2OV!98L0!(*T!! !6@KO16@aH`O!Q@!98L0!)Y7!(*TE!!

!_@QM@GO!R6MK>6Q!6O`V!98L0!(*TE!! !_@QM@GO!R6MK>6Q!6O`V!98L0!(*TE!! !6@KO16@aH`O!Q@!"8L0!)Y7!(*TE!!

!%@6O!RO@6MK>6Q!6O`2V!98L0!(*TE!! !%@6O!RO@6MK>6Q!6O`2V!98L0!(*TE!! !1@62OM!98L0!)Y7!(*TA)(E!!

!Q>3@6:!RO@6MK>6Q!6`V!98L0!(*TE!! !Q>3@6:!RO@6MK>6Q!6`V!98L0!(*TE!! !1@62OM!"8L0!)Y7!(*TA)(E!!

!3O16@bO%!98L0!)Y7!7*ZE5A)E!! !3O16@bO%!98L0!)Y7!7*ZE5A)E!! !%H3K2Q@M2HQ!>`%O6!RO@`2QG!b6>G!!

!3O16@bO%!"8L0!)Y7!7*ZE5A)E!! !3O16@bO%!"8L0!)Y7!7*ZE5A)E!! !q%`@62MR6H34s`@Q?H16as@3Hr!Z7<!!

! !H3O16@aH`O!98L0!)Y7!(*TA)(E!! !qRO`2%`O@6!(&'ZA)!Z*7<!!

!q%`@62MRs`@Q?H16as3OM6HQ2b!Z7<!! !QOr2>3!"8L0!(*TA)(E!! !O?H3O16@aH`O!$8L0!'J=!'.c!Z-&!!

!qRO`23OM!(&'ZA)!Z*7<!! !QOr2>3!$8L0!(*TA)(E!! !O?H3O16@aH`O!$8L0!(*TA)(E!!

!O?H3O16@aH`O!! !QOr2>3!$8L0!'J=!'.c!Z,S-)&!! !O?H3O16@aH`O!"8L0!(*TA)(E!!

! ! !

!



!

"^F!

!

!"#! DK?C)J(/-"%.-*0)"%.(2*,-5%.-*0A)/,625)'-5.5)65(/).*)/(+-0()(@3*56,()2,*635=)

@.('ZE/7;,('7E!!
M&'7/7A'7!*.('-)Z&)EE*.(E!!

-$99P! %;A,&Z&,L*D'.)! -#PPP! ! -##9P! 2L'Z&*L'.) !

-$9"P! %;A,&Z&,L*D'.)! -#9PP! @L'(&'Z(/A'.)! -##"P! 2L'Z&*L'.) !

-$9IP! %;A,&Z&,L*D'.)! -#99P! @L'(&'Z(/A'.)! -##NP! 2L'Z&*L'.) !

-$9$P! %;A,&Z&,L*D'.)! -#9"P! @L'(&'Z(/A'.)! -##FP! 2L'Z&*L'.) !

-$9NP! %;A,&Z&,L*D'.)! -#9IP! @L'(&'Z(/A'.)! -#]PP! `,+)Z&*L'.) !

-$9*P! %;A,&Z&,L*D'.)! -#9]P! @L'(&'Z(/A'.)! -#]9P! `,+)Z&*L'.) !

-$9TP! %;A,&Z&,L*D'.)! -#9*P! @L'(&'Z(/A'.)! -#]DP! `,+)Z&*L'.) !

-$97P! %;A,&Z&,L*D'.)! -#9TP! @L'(&'Z(/A'.)! -#*"P! 3*Z&,('A'.) !

-$9-P! %;A,&Z&,L*D'.)! -#97P! @L'(&'Z(/A'.)! -#*IP! 3*Z&,('A'.) !

-$T9P! 1)&Z;).*D'.) ! -#9-P! @L'(&'Z(/A'.)! -#TPP! 32@Q?O62Q!

-$)9P! 16H3@a2QO! -#9)P! @L'(&'Z(/A'.)! -#T9P! 32@Q?O62Q!

-$)\P! 16H3@a2QO! -#9+P! @L'(&'Z(/A'.)! -#TIP! 32@Q?O62Q!

-$0PP! M;',&'-*D'.) ! -#95P! @L'(&'Z(/A'.)! -#T$P! 32@Q?O62Q!

-$09P! M;',&'-*D'.) ! -#9=P! @L'(&'Z(/A'.)! -#T#P! 32@Q?O62Q!

-$0"P! M;',&'-*D'.) ! -#9SP! @L'(&'Z(/A'.)! -#T]P! 32@Q?O62Q!

-$0IP! M;',&'-*D'.) ! -#9/P! @L'(&'Z(/A'.)! -#79P! Q,&(&'Z(/A'.)!

-$0NP! M;',&'-*D'.) ! -#9DP! @L'(&'Z(/A'.)! -#7IP! Q,&(&'Z(/A'.)!

-$0#P! M;',&'-*D'.) ! -#IPP! %A,L'Z&*L'.) ! -#7FP! Q,&(&'Z(/A'.)!

-$0ZP! M;',&'-*D'.) ! -#I9P! %A,L'Z&*L'.) ! -#7^P! Q,&(&'Z(/A'.)!

-$0(P! M;',&'-*D'.) ! -#I"P! %A,L'Z&*L'.) ! -#7/P! Q,&(&'Z(/A'.)!

-$05P! M;',&'-*D'.) ! -#IIP ! %A,L'Z&*L'.) ! -#-IP ! 1&,(&'Z(/A'.)!

-$0=P! M;',&'-*D'.) ! -#IFP! %A,L'Z&*L'.) ! -#+9P! M&'L'Z&*L'.)!

-$0SP! M;',&'-*D'.) ! -#IEP! %A,L'Z&*L'.) ! -#+"P! M&'L'Z&*L'.)!

-$0DP! M;',&'-*D'.) ! -#I(P! %A,L'Z&*L'.) ! -#+IP! M&'L'Z&*L'.)!

-$;PP! M&'+A5,Z)&*D'.)! -#I5P! %A,L'Z&*L'.) ! -#+\P! M&'L'Z&*L'.)!

-$;9P! M&'+A5,Z)&*D'.)! -#I=P! %A,L'Z&*L'.) ! -#+/P! M&'L'Z&*L'.)!

-$;"P ! M&'+A5,Z)&*D'.)! -#ISP! %A,L'Z&*L'.) ! -#+DP! M&'L'Z&*L'.)!

-$;IP ! M&'+A5,Z)&*D'.)! -#IDP! %A,L'Z&*L'.) ! -]99P! @L'(&'Z(/A'.)!

-$;$P! M&'+A5,Z)&*D'.)! -#NPP! bH?>`O12Q! -]9IP ! Q,&(&'Z(/A'.)[+A5Z).*D'.)!

-$;EP! M&'+A5,Z)&*D'.)! -#N9P! bH?>`O12Q! -]9$P! Q,&(&'Z(/A'.)[+A5Z).*D'.)!

-$;(P! M&'+A5,Z)&*D'.)! -#N"P! bH?>`O12Q! -]9FP! @L'(&'Z(/A'.)!

-$;5P! M&'+A5,Z)&*D'.)! -#NNP! bH?>`O12Q! -]9#P! @L'(&'Z(/A'.)!

-$;\P ! M&'+A5,Z)&*D'.)! -#NFP! bH?>`O12Q!
! !

-$A"P! %`Ha@12QO! -#N/P! bH?>`O12Q!
! !

-$&9P! H`@Qa@12QO! -#NDP! bH?>`O12Q!
! !

-$&IP! H`@Qa@12QO! -#F9P! b,\)Z'. !
! !

-$&#P! H`@Qa@12QO! -#F"P! b,\)Z'. !
! !

-$E9P! g>OM2@12QO! -#FNP! b,\)Z'. !
! !

-$E"P! g>OM2@12QO! -#FSP! b,\)Z'. !
! !

-$EIP! g>OM2@12QO! -#F\P! b,\)Z'. !
! !

-$ENP! g>OM2@12QO! -#F/P! b,\)Z'. !
! !

-$EEP! g>OM2@12QO! -#FDP! b,\)Z'. !
! !

-$E\P! g>OM2@12QO! -##PP! 2L'Z&*L'.) !
! !



!

"^# !

!

!

H(;)&!*.('7;,A'.)&0'7E!!
! ! ! !

@$PPP! ! b"^ PP! R/-&,\/D'.) ! G-*NP! H\/T5(/.'. !

@$9PP! @(&,Z'.)! b"^$ P! R/-&,\/D'.) ! G-*FP! H\/T5(/.'. !

@$N9P! b'7/7A,L'.) ! b"^9 P! R/-&,\/D'.) ! G-*#P! H\/T5(/.'. !

@$NIP! b'7/7A,L'.) ! b"^" P! R/-&,\/D'.) ! G-*] P! H\/T5(/.'. !

@$N$P! b'7/7A,L'.) ! b"^\ P! R/-&,\/D'.) ! G-** P! H\/T5(/.'. !

@$NNP! b'7/7A,L'.) ! b"^/ P! R/-&,\/D'.) ! G-*0P! H\/T5(/.'. !

@$N\P! b'7/7A,L'.) ! b*FPP! 1*&,\)('.) ! G-*' P! H\/T5(/.'. !

@$N/P! b'7/7A,L'.) ! b*F9P! 1*&,\)('.) ! G-*\ P! H\/T5(/.'. !

@$#9P! R4H?%2QO! b*F" P! 1*&,\)('.) ! G-*/ P! H\/T5(/.'. !

@$#IP! R4H?%2QO! b*FI P! 1*&,\)('.) ! G-*DP! H\/T5(/.'. !

@$#/P! R4H?%2QO! b*F$P! 1*&,\)('.) ! G-T9P! M6H?12>3!%R`H62bO!

@$T9P! 1,A-'.)!L)(;/A ! b*FNP! 1*&,\)('.) ! G-T/ P! M6H?12>3!%R`H62bO!

@$T/P! 1,A-'.)!L)(;/A ! b*F#P! 1*&,\)('.) ! G-TDP! M6H?12>3!%R`H62bO!

@$79P! 1&,Z*.(;)A'.) ! b*F^P! 1*&,\)('.) ! G-79P!
16H12_O62QO!
R4b6H%R`H62bO!

@$7"P! 1&,Z*.(;)A'.) ! b;N9P! b'L).;/-&'.*() ! G-7"P!
16H12_O62QO!
R4b6H%R`H62bO!

@^"9P! @(&,Z'.)! b'*EP! 1&,L)(;*D'.) ! G-7$P!
16H12_O62QO!
R4b6H%R`H62bO!

@^"IP! @(&,Z'.)! b&99P! M&';)\/Z;).'-/A ! G--9 P!
?H`2VOQ@%2Q!
?>%%2Q@MO!!

K+"+P! RH3@M6H12QO! b&9"P! M&';)\/Z;).'-/A ! G--" P!
?H`2VOQ@%2Q!
?>%%2Q@MO!!

%^I9P! K&,LZ;).'&*L'.) ! b&9IP! M&';)\/Z;).'-/A ! G--/ P!
?H`2VOQ@%2Q!
?>%%2Q@MO!!

%^II P! K&,LZ;).'&*L'.) ! b&9$P! M&';)\/Z;).'-/A ! G--DP!
?H`2VOQ@%2Q!
?>%%2Q@MO!!

%^$PP! %;A,&Z;).*L'.) ! b&9SP! M&';)\/Z;).'-/A ! G-+DP! b@62VOQ@%2Q!

%^$9P! %;A,&Z;).*L'.) ! b&9\P! M&';)\/Z;).'-/A ! G-0"P!
VO?HMO6Hb2QO!
V>3@6@MO!

%^$IP! %;A,&Z;).*L'.) ! b&""P! H&Z;).*-&'.) ! G-0/ P!
VO?HMO6Hb2QO!
V>3@6@MO!

%^$\P! %;A,&Z;).*L'.) ! b&"/P! H&Z;).*-&'.) ! G-0DP!
VO?HMO6Hb2QO!
V>3@6@MO!

%^$/P! %;A,&Z;).*L'.) ! b&N9P! @.('JL5E7*&'.'7! X^N9P! 3OMRH%@6K@3H`!

%^N9P! %A)L*E('.)! b&FPP! 1&,7/7A'-'.)! X^N/P! 3OMRH%@6K@3H`!

%^N/P! %A)L*E('.)! b&FIP! 1&,7/7A'-'.)! HI99P! @(&,Z'.)!

%^ !̂ b'Z;).;/-&*L'.) ! b&FSP! 1&,7/7A'-'.)! HN""P! %;A,&Z&,L*D'.)!

%^^"P! b'Z;).;/-&*L'.) ! b&F/P! 1&,7/7A'-'.)!
! !

%^^NP! b'Z;).;/-&*L'.) ! G-PPP! M,A()&,-'.) ! G-*"P! MH`MO6Hb2QO!

%^^^P! b'Z;).;/-&*L'.) ! G-"9P! ! G-*"P! H\/T5(/.'. !

%^*PP! R/-&,\/D'.) ! G-$9P! VA*=,\*()! G-*IP! H\/T5(/.'. !

%^'9P! 1&,L)(;*D'.) ! G-$"P! VA*=,\*()! G-*$P! H\/T5(/.'. !

%^'"P! 1&,L)(;*D'.) ! G-$/P! VA*=,\*()! G-*$P! MH`MO6Hb2QO!

%^']P! 1&,L)(;*D'.) ! G-$DP! VA*=,\*()! G-*NP! MH`MO6Hb2QO!

%^'5P! 1&,L)(;*D'.) ! G-]"P! M)&,-'A'.)! G-*FP! MH`MO6Hb2QO!

%^'=P! 1&,L)(;*D'.) ! G-]DP! M)&,-'A'.)!
! !

%^'SP! 1&,L)(;*D'.) ! G-*PP! H\/T5(/.'. ! %'9ZP! %R`H61ROQ@32QO!

%;";P! b'Z;).;/-&*L'.) ! G-*9P! H\/T5(/.'. ! %'9eP! %R`H61ROQ@32QO!

%'9AP! %R`H61ROQ@32QO! G-*9P! MH`MO6Hb2QO!
! !



!

"^^ !

!

H(;)&!*.('-)Z&)EE*.(E!! K).D,-'*D)Z'.)E! !
b^PPP!! !L,.,*L'.) J,\'-*E)!'.;'T'(,&E! ! b9$PP!! VA5.'(&*D)!!
!b^PPP!! !L,.,*L'.) J,\'-*E)!'.;'T'(,&E! ! !-9$9P!! 6,;/Z.,A! !
!b^9PP!! !Z;).)AD'.)! ! !-9$DP!! VA5.'(&*D)!!
!b^99P!! !.*&-'A!9NL0!(*TA)(E!! !-9NPP!! VA5&*D)Z*L!!
!b^9DP!! !Z;).)AD'.)!9NL0!(*TA)(E!! !-9N9P!! b*AL*.)! !
!b^"PP!! !q'Z&,.'*D'-!! !-9N"P!! b*AL*.)! !
!b^"9P!! !qL*&E'A'-!"NL0!(*TA)(E!! !-9NIP!! 1*\*.)! !
!b^""P!! !qL*&E'A'-!N8L0!(*TA)(E!! !-9N$P!! 1*\*.)! !
!b^"/P!! !q'Z&,.'*D'-!"NL0!(*TA)(E!! !-9N/P!! VA5&*D)Z*L!!
!b^"DP!! !q'Z&,.'*D'-!N8L0!(*TA)(E!! !-9NDP!! VA5&*D)Z*L!!
!b^IPP!! !'E,7*&T,\*D'-!! !-9FPP!! `,Z&*D,A*L!!
!b^I9P!! !qL*&ZA*.!98L0!(*TA)(E!! !-9F9P!! `,Z&*D,A*L!!
!b^IDP!! !'E,7*&T,\*D'-!98L0!(*TA)(E!! !-9F"P!! b,&L,.,7(! !
!b^$PP!! !(&*./A7/Z&,L'.)! ! !-9#PP!! `,&L)(*D)Z! !
!b^$9P!! !qZ*&.*()!98L0!(*TA)(E!! !-9#9P!! `,&L)(*D)Z! !
!b^$DP!! !(&*./A7/Z&,L'.)!98L0!(*TA)(E!! !-9#"P!! `,&L)(*D)Z! !
!b^NPP!! !L,7A,T)L'-)! ! !-9#IP!! !!
!b^N9P!! !L*.)&'\!9N8L0!(*TA)(E!! !-9#$P!! !!
!b^N"P!! !L,7A,T)L'-)!9N8L0!(*TA)(E!! !-9^PP!! Q'(&*D)Z*L!!
!b^NIP!! !L*.)&'\!I88L0!(*TA)(E! ! !-9^9P!! Q'(&*D)Z*L!!
!b^N$P!! !L,7A,T)L'-)!I88L0!(*TA)(E! ! !-9^"P!! Q'(&*D)Z*L!!
!b]PPP!! !7,LZ,5.-!*.('-)Z&)EE*.(!-&50E! ! !-9^IP!! Q'(&*D)Z*L!!
!b]9PP!! !7,LZ,5.-!*.('-)Z&)EE*.(E!* JD!! !-9^$P!! Q'(&*D)Z*L!!
!b]99P!! !qA'LT'(&,A!N!7*ZE5A)E!! !-9^NP!! 3,0*-,.! !
!b]9"P!! !qA'LT'(&,A!98!7*ZE5A)E!! !-9^FP!! 3,0*-,.! !
!b]9IP!! !qL,('Z&)EE!(*TA)(E!\"^7Z!! !-9^#P!! Q'(&*-,E!!
!b]9$P!! !qL,('=*A!(*TA)(E!! !-9^^P!! !!
!b]9NP!! !qZ*&E()A'.!(*TA)(E!! !-9^]P!! 6)L.,E! !
!b]9FP!! !(&'Z(*+).!(*TA)(E!! !-9^*P!! 6)L.,E! !
!b]9#P!! !(&'Z(*+).JL!(*TA)(E!! !-9^TP!! !!
!b*"PP!! !(&/Z(,Z;*.! ! !-9^7P!! ?,L.'()! !
!b*"9P!! !,Z('L*\!N88L0!(*TA)(E!! !-9^-P!! !!
!b*""P!! !q,Z('L*\!90YF0!Z,S-)&! ! !-9^)P!! >.'E,L.'*! !
!b*"IP!! !q,Z('L*\!S=!N88L0!(*TA)(E!! !-9^+P!! Q'(&*D)Z*L!!
!b*"$P!! !qZ*7'(&,.!N88L0!(*TA)(E!! !-9*PP!! M)L*D)Z*L! !
!b*"/P!! !(&/Z(,Z;*.!N88L0!(*TA)(E!! !-9*9P!! M)L*D)Z*L! !
!b*"DP!! !q(&/Z(,Z;*.!90YF0!Z,S-)&!! !-9*"P!! M)L*D)Z*L! !
!b*IPP!! !+A5=,\*L'.)!L*A)*()! ! !-9*IP!! M)L*D)Z*L! !
!b*I9P!! !+*=)&'.!N8L0!(*TA)(E!! !-9*$P!! M)L*D)Z*L! !
!b*I"P!! !+A5=,\*L'.)!L*A)*()!N8L0!(*TE!! !-9*NP!! M)L*D)Z*L! !
!b*IIP! ! !+*=)&'.!988L0!(*TA)(E!! !-9*FP!! Q,&L'E,.! !
!b*I$P!! !+A5=,\*L'.)!L*A)*()!988L0!(*TE! ! !-9*#P!! Q,&L'E,.! !
!b*$PP!! !+A5,\)('.)!;/-&,7;A,&'-)! ! !-9*^P!! M)L*D)Z*L! !
!b*$9P!! !+A5,\)('.)!"8L0!7*ZE5A)E!! !-9*]P!! M)L*D)Z*L! !
!b*$"P!! !qZ&,D*7!"8L0!7*ZE5A)E!\I8!! !-9**P!! M)L*D)Z*L! !
!b*$IP!! !+A5,\)('.)!"8L0YNLA!,&*A!A'e!! !-9*TP!! M)L*D)Z*L! !
!b*$$P!! !Z&,D*7!"8L0YNLA!,&*A!A'e5'-!! !-9*7P!! M)L*D)Z*L! !
!b*$NP!! !Z&,D*7!"8L0!7*ZE5A)E!! !-9*-P!! M)L*D)Z*L! !
!b*$FP!! !+A5,\)('.)!F8L0!7*ZE5A)E!! !-9*)P!! M)L*D)Z*L! !
!b*$#P!! !qZ&,D*7!F8L0!7*ZE5A)E!! !-9*+P!! M)L*D)Z*L! !
!b*$^P!! !q+)A'7'5L!"8L0!7*ZE5A)E!! !-9*0P!! M)L*D)Z*L! !
!b*$]P!! !,\*7('.!"8L0!7*ZE5A)E!! !-9*;P!! M)L*D)Z*L! !
!b*$*P!! !&*.+A5('.!"8L0!7*ZE5A)E!! !-9*'P!! M)L*D)Z*L! !
!b*$TP!! !Z&,D'(!"8L0YNLA!,&*A!E,A5(',.!! !-9*cP!! M)L*D)Z*L! !
!b*$7P!! !Z&,D)Z!"8L0YNLA!,&*A!E,A5(',.!! !-9*<P!! M)L*D)Z*L! !
!b*NPP!! !E)&(&*A'.)!;/-&,7;A,&'-)!! !-9*AP!! O5;/Z.,E! !
!b*N9P!! !E)&(&*A'.)!N8L0!(*TA)(E!! !-9*LP!! O5;/Z.,E! !
!b*N"P!! !E)&(&*A'.)!988L0!(*TA)(E!! !-9*.P!! O5;/Z.,E! !
!b*NIP!! !A5E(&*A!N8L0!(*TA)(E!! !-9*,P!! M)L*D)Z*L! !
!b*N$P!! !A5E(&*A!988L0!(*TA)(E!! !-9TPP!! M&'*D,A*L!!
!b*FPP!! !Z*&,\)('.)!;/-&,7;A,&'-)! ! !-9T9P!! M&'*D,A*L!!
!b*F9P!! !Z*&,\)('.)!"8L0!(*TA)(E! ! !-9T"P!! M&'*D,A*L!!
!b*F"P!! !E)&,\*(!"8L0!( *TA)(E!\I8!! !-9TIP!! R*A7',.!!
!b*FIP!! !Z*&,\)('.)!I8L0!(*TA)(E! ! !-9T$P!! R*A7',.!!
!b*F$P!! !E)&,\*(!I8L0!(*TA)(E!\I8!! !-"9PP!! b'*D)Z*L! !
!b*FNP!! !Z*&,\)('.)!98L0YNLA!EY+!A'e!! !-"99P!! b'*D)Z*L! !
!b*FFP!! !E)&,\*(!98L0YNLA!EY+!A'e!! !-"9"P!! b'*D)Z*L! !
!b*F#P!! !Z*&,\)('.)!98L0!(*TA)(E!! !-"9IP!! b'*D)Z*L! !
!b*F^P!! !E)&,\*(!98L0!(*TA)(E!! !-"9$P!! b'*D)Z*L! !
!b*#PP!! !=).A*+*\'.)! ! !-"9NP!! b'*D)Z*L! !
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!b*#9P!! !=).A*+*\'.)!I#PNL0!(*TA)(E!! !-"9FP!! b'*D)Z*L! !
!b*#"P!! !=).A*+*\'.)!#NL0!(*TA)(E!! !-"9#P!! !!
!b*#IP!! !)+)\,&!I#PNL0!(*TA)(E!! !-"9^P!! !!
!b*#$P!! !)+)\,&!#NL0!(*TA)(E!! !-"9]P!! !!
!b*#NP!! !q=).A*+*\'.)!N8L0!(*TA)(E!! !-"9*P!! b'*D)Z*L! !
!b*#FP!! !q)+)\,&!N8L0!(*TA)(E!! !-"9TP!! 6'L*Z*L! !
!b*##P!! !=).A*+*\'.)!#NL0!LY&!7*ZE5A)E!! !-"97P!! 6'L*Z*L! !
!b*#^P!! !)+)\,&!\A!#NL0!LY&!7*ZE5A)E!! !-"9-P!! 6'L*Z*L! !
!b*#]P!! !=).A*+*\'.)!9N8L0!LY&!7*ZE5A)E!! !-"9)P!! b'*A*&!!
!b*#*P!! !)+)\,&!\A!9N8L0!LY&!7*ZE5A)E!! !-"9+P!! b'*A*&!!
!b*^PP!! !.)+*D,-,.)! ! !-"90P!! _*A7A*'&!!
!b*^9P!! !q.)+*D,-,.)!;7A!988L0!(*TE! ! !-"9cP!! b'*D)Z*L! !
!b*^"P!! !q.)+*D,-,.)!;7A!"88L0!(*TE! ! !-"9*P!! @().E'.)! !
!b*^IP!! !q-5(,.'.!988L0!(*TA)(E! ! !-"9TP!! @().E'.)! !
!b*^$P!! !q-5(,.'.!"88L0!(*TA)(E! ! !-"97P!! @().E'.)! !
!b*^NP!! !q.)+*D,-,.)!'.'('*(',.!(*TE!Z<! ! !-"9-P!! b'*D)L5AE!!
!b*^FP!! !q-5(,.'.!'.'('*(',.!(*TE!Z*7<! ! !-"9)P!! !!
!b* ]PP!! !7'(*A,Z&*L!! !-"9+P!! !!
!b*]9P!! !7'(*A,Z&*L!"8L0!(*TA)(E!! !-"90P!! !!
!b*]"P!! !7'Z&*L'A!"8L0!(*TA)(E!! !-"9;P!! !!
!b*]IP! ! !7'(*A,Z&*L!98L0!(*TA)(E!! !-"9'P!! !!
!b*]$P!! !7'Z&*L'A!98L0!(*TA)(E!! !-"9cP!! !!
!b*]NP!! !7'(*A,Z&*L!$8L0!(*TA)(E!! !-"9<P!! ?()E,A'-!!
!b*]FP!! !7'Z&*L'A!$8L0!(*TA)(E!! !-"9AP!! ?()E,A'-!!
!b*]#P!! !7'Z&*L'A!$8L0YLA!-&,ZE!9NLA!! !-"9LP!! M).E'5L!!
!b*]^P!! !Z*\,&*.!98L0!(*TA)(E!! !-"9.P!! M).E'5L!!
!b*]]P! ! !Z*\,&*.!"8L0!(*TA)(E!! !-"9,P!! M).E'5L!!
!b*]*P!! !Z*\,&*.!$8L0!(*TA)(E!! !-"9ZP!! !!
!b*]DP!! !7'(*A,Z&*L!$8L0YLA!,&*A!-&,ZE!! !-"9eP!! !!
!b** PP!! !6OKHrOM2QO!! !b"9&P!! _@`2>3!!
!b**9 P!! !6OKHrOM2QO!$L0!(*TA)(E!! !b"9EP!! _@`2>3!!
!b**" P!! !Ob6HQ@r!$L0!(*TA)(E!! !b"9( P!! _@`2>3!!
!b*TPP!! !326M@a@12QO!! !b"95P!! _@`2>3!!
!b*T9P!! !326M@a@12QO!I8L0!(*TA)(E!! !b" 9=P!! _@`2>3!!
!b*T" P!! !qa2?12Q!I8L0!(*TA)(E!! !b"9S P!! !!
!b*TI P!! !326M@a@12QO!I8L0!-'EZ!(*TE!! !b"9\ P!! !!
!b*T$P!! !a2?12Q!?H`M@K!I8L0!-'EZ!(*TE!! !b"9/ P!! _@`2>3!!
!b*TNP!! !326M@a@12QO!9NL0!-'EZ!(*TE!! !b"9DP!! b2@aO1@3!!
!b*TFP!! !a2?12Q!?H`M@K!9NL0!-'EZ!(*TE!! !b"" PP!! @`16@aH`@3!!
!b*T#P!! !326M@a@12QO!$NL0!-'EZ!(*TE!! !b""9 P!! r@Q@r!!
!b*T^P!! !a2?12Q!?H`M@K!$NL0!-'EZ!(*TE!! !b""" P!! r@Q@r!!
!b*T/ P!! !326M@a@12QO!$NL0!(*TA)(E!! !b""/ P!! @`16@aH`@3!!
!b*TDP!! !326M@a@12QO!9NL0!(*TA)(E!! !b""DP!! @`16@aH`@3!!
!b*7PP!! !O?%2M@`H16@3!! !b"I PP!! K6H3@aO1@3!!
!b*79P!! !O?%2M@`H16@3!98L0!(*TA)(E!! !b"I9 P!! `OrHM@Q!!
!b*7" P!! !%216@`Or!98L0!(*TA)(E!! !b"I" P!! `OrHM@Q!!
!b*7I P!! !O?%2M@`H16@3!"8L0!(*TA)(E!! !b"I/ P!! K6H3@aO1@3!!
!b*7$P!! !%216@`Or!"8L0!(*TA)(E!! !b"IDP!! K6H3@aO1@3!!
!b*7NP!! !O?%2M@`H16@3!NL0!(*TA)(E!! !b"$ PP!! %R`H6b2@aO!!
!b*7FP!! !%216@`Or!NL0!(*TA)(E!! !b"$9P!! %R`H6b2@aO!!
!b*7#P!! !O?%2M@`H16@3!98L0YLA!,&*A!-ZE!! !b"$9P!! %R`H6b2@aO!!
!b*7^P!! !%216@`Or!98L0YLA!,&*A!-&,ZE!! !b"$" P!! %R`H6b2@aO!!

! ! !b"$" P!! %R`H6b2@aO!!
!b5FPP!! !T5Z&,Z',.! ! !-"$IP!! %;A,&-'*D)!!
!b5FPP!! !*L+)T5(*L,.)! ! !-"$$P!! %;A,&-'*D)!!
!b5F9P!! !D/T*.!9N8L0!LY&!(*TA)(E!! !-"$NP!! %;A,&-'*D)!!
!b5FDP!! !T5Z&,Z',.!;7A!9N8L0!LY&!(*TE!! !-"$FP!! %;A,&-'*D)!!
!b5FDP!! !*L+)T5(*L,.!;7A!9N8L0!LY&!(*TE!! !-"$#P!! %;A,&-'*D)!!

! ! !b"$^ P!! %R`H6b2@aO!!
!G-)PP!! !-5A,\)('.)! ! !-"$]P!! `'T&'5L!!
!G-)9P!! !/).(&)=)!"8L0!0Y&!7*ZE5A)E!! !-"$*P!! `'T&'5L!!
!G-)"P!! !/).(&)=)!$8L0!0Y&!7*ZE5A)E!! !-"$TP!! `'T&'5L!!
!G-)IP!! !7/LT*A(*!I8L0!0Y&!7*ZE5A)E!! !-"$7P!! `'T&'5L!!
!G-)$P!! !q7/LT*A(*!F8L0!0Y&!7*ZE5A)E!! !-"$-P!! `'T&'5L!!
!G-)SP!! !q-5A,\)('.)!F8L0!0Y&!7*ZE5A)E!! !-"$)P!! !!
!G-)\P!! !-5A,\)('.)!I8L0!0Y&!7*ZE5A)E!! !-"$+P!! M&,Z'5L!!
!G-)/P!! !-5A,\)('.)!"8L0!0Y&!7*ZE5A)E!! !-"$0P!! M&,Z'5L!!
!G-)DP!! !-5A,\)('.)!$8L0!0Y&!7*ZE5A)E!! !-"$;P!! M&,Z'5L!!

! ! !b"$' P!! M6H12>3!!
!beFPP!! !E)A)0'A'.)!! !-"$cP!! M&,Z'5L!!
!beF9P!! !)A-)Z&/A!NL0!(*TA)(E!! !-"FPP!! %A,T*D*L!!
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!beF"P!! !)A-)Z&/A!98L0!(*TA)(E!! !-"F9P!! %A,T*D*L!!
!beFIP!! !)A-)Z&/A!98L0YNLA!E/&5Z!! !-"F"P!! V&'E'5L!!
!beF$P!! !q='=*Z&/A!NL0!(*TA)(E!! !-"FIP!! %A,T*D*L!!
!beFNP!! !q='=*Z&/A!98L0!(*TA)(E!! !-"F$P!! V&'E'5L!!
!beFFP!! !qE('AA'.)!NL0!(*TA)(E!! !-"#PP!! %A,&*D)Z*(!!
!beF#P!! !qE('AA'.)!98L0!(*TA)(E!! !-"#9P!! M&*.\).)! !
!beF^P!! !q7).(&*Z&/A!N!(*TA)(E!! !-"#"P!! M&*.\).)! !
!beF]P!! !q7).(&*Z&/A!98!(*TA)(E!! !-"#/P!! %A,&*D)Z*(!!
!beF*P!! !D)A*Z*&!9P"NL0!(*TA)(E!! !-"#DP!! %A,&*D)Z*(!!
!beFSP!! !E)A)0'A'.)!;7A!9P"NL0!(*TA)(E!! !-"]PP!! :)(*D,A*L! !
!beF\P!! !E)A)0'A'.)!;7A!98L0YNLA!E/&5Z!! !-"]9P!! !!
!beF/P!! !E)A)0'A'.)!;7A!98L0!(*TA)(E!! !-"]"P! ! !!
!beFDP!! !E)A)0'A'.)!;7A!NL0!(*TA)(E!! !-"]/P! ! !!
! ! !b"]DP!! !!
! ! !b"* PP!! `H6@aO1@3!!
! ! !b"*9 P!! `H6@aO1@3!!
! ! !b"*" P!! `H6@aO1@3!!
! ! !b"*I P!! !!
! ! !b"*$ P!! !!
! ! !b"*NP!! @M2_@Q!!
! ! !b"*F P!! @M2_@Q!!
! ! !b"*# P!! @M2_@Q!!
! ! !b"*\ P!! !!
! ! !b"*DP!! `H6@aO1@3!!
! ! !b"TPP!! 3Ob@aO1@3!!
! ! !b"T9P!! QHK62>3!!
! ! !b"T" P!! QHK62>3!!
! ! !b"T/ P!! 3Ob@aO1@3!!
! ! !b"TDP!! 3Ob@aO1@3!!
! ! !b"- PP!! Hr@aO1@3!!
! ! !b"-9 P!! Hr@aO1@3!!
! ! !b"-" P!! Hr@aO1@3!!
! ! !b"-I P!! Hr@aO1@3!!
! ! !b"-$ P!! Hr@aO1@3!!
! ! !b"-N P!! !!
! ! !b"-F P!! !!
! ! !b"-# P!! !!
! ! !b") PP!! 16@aO1@3!!
! ! !b")9 P!! !!
! ! !b")DP!! !!

!

!

!

! !
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7;=;L! ?33(0/-@)LA)DG%,'5*0)D*4*,&-/-.1)B0/(@)))

%;*&AE,.!-'E)*E)!7*()0,&/!
%;*&AE,.!E7,&)!
S)'0;(! !

@2b?! F!
%*.7)&!! " !
%)&)T&,=*E75A*&!-'E)*E)!! 9!
%;&,.'7!Z5AL,.*&/!-'E)*E)!! 9!
%,.0)E('=)!;)*&(!-'E)*E)! ! 9!
b)L).('* ! 9!
b'*T)()E! ! 9!
b'*T)()E!S'(;!7,LZA'7*(',.E ! " !
R)L'ZA)0'*!! " !
3)(*E(*('7!(5L,5&! ! F!
3'A-!A'=)&!-'E)*E)!! 9!
3,-!A'=)&!-'E)*E)!! I !
3/,7*&-'*A!'.+*&7(',. ! 9!
1)Z('7!5A7)&!-'E)*E)! 9!
1)&'Z;)&*A!=*E75A*&!-'E)*E)!! 9!
6).*A!b'E)*E)!! " !
6;)5L*(,A,0'7*A!-'E)*E)! ! 9!
%;*&AE,.!%,L,&T'-'(/!2.-)\[!*-*Z()-!=)&E',.!+&,L!:;*.!)(!*A!B"898C!+,&!5E)!S'(;!
6)*-!%,-)-!-*(*T*E)EP!M;)!'.-)\!'.7A5-)E!,=)&!"[I88!7,L,&T'-'(')E!7A*EE'+')-!
S'(;!'.-'='-5*A!6)*-!%,-)E[!+*AA'.0!'.(,!9#!7*()0,&')E!A'E()-P!!

!

! !
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!%#! ?0.-"G*'-0(,2-"5))

!"#$%&'O&P)Q%4"*&9R9&).0,+02%0)1&,"#$%&3*%5%0,+02&,>%&0@4#%*&.-&3",+%0,5&?>.&5,.33%/&.*&5,"*,%/&"0,+)>.$+0%*2+)&
4%/+)",+.05&"-,%*&,>%&-+*5,&*%).*/&.-&"&*%M+%?&

! ! @+()&!+'&E(!-)L).('*!*..5*A! &)=')S! !
! ! 123! Q,!123! !

K)+,&)!+'&E(!
-)L).('*!*..5*A! !

&)=')S!

123! F"" ! .Ma) !
Q,!123! ..A ) IN"I ! !

! ! ! ! !
! ! ! ! !

! ! @+()&!+'&E(!L)-'7*(',.! &)=')S! !
! ! 123! Q,!123! !

K)+,&)!+'&E(!
L)-'7*(',.!

&)=')S!

123! 99$9! .bb ) !
Q,!123! .c^ ) N]N]! !

! ! ! ! !
C%4%0,+"&"00@"$&*%M+%?&&
H6!9P89!]Nm!%2!8P]# !n!9P8N!!

37Q)L*&!()E(!E(*('E('7!'Ed!!" = (%&'))
%*' !

!!"f!B98FJ99"C"!Y!B98Fs99"C!!
!"f!8P9#[!-+B9C!Zf8PF^N!
&

P%/+)",+.0&*%M+%?&&
H6!9P89!]Nm!%2!8P]^ J9P89!!

37Q)L*&!()E(!E(*('E('7!'Ed!!" = (%&'))
%*' !

!!"f!B9^^J9]NC"!Y!B9F ŝ9]NC!!
!" =!8P9I[!-+B9C!Z!f!8P#N]!!!
&

0&S&.5LT)&!,+!'.-'='-5*A!Z*(').(E! !
&
?(*&('.0!*.('7;,A'.)&0'7E!*7&,EE!E(5-/!Z)&',-!.f"["##!
?(*&('.0!*.('7;,A'.)&0'7E!*+()&!*./!L)-'7*(',.!&)=')S!.f$II!B"PFmC[!S'(;,5(!L)-'7*(',.!&)=')S!.f9[^$$!
B"P9mC!
?(*&('.0!*.('7;,A'.)&0'7E!*+()&!*./!-)L).('*!&)=')S!.f9N]!B9P^mC[!S'(;,5(!-)L).('*!&)=')S!.f"[99^!
B"P"mC!
?(,ZZ'.0!*.('7;,A'.)&0'7E!*7&,EE!E(5-/!Z)&',-!.f!"[I$$ !
?(,ZZ'.0!*.('7;,A'.)&0' 7E!*+()&!*./!L)-'7*(',.!&)=')S!.f$#I!B99P^mC[!S'(;,5(!L)-'7*(',.!&)=')S!
.f9[^#9!B98P$mC!
?(,ZZ'.0!*.('7;,A'.)&0'7E!*+()&!*./!-)L).('*!&)=')S!.f9$F!B^P8mC[!S'(;,5(!-)L).('*!&)=')S!.f"[9]^!
B98P]mC!!
!
37Q)L*&!%;'JEe5*&)-!()E(!)E('L*('.0!(;)! &*(',!T)(S)).!(;)! -' E7,.7,&-*.(!Z*'&E[!S;)&)!(;)!,5(7,L)!
B&)7,&-!,+!*!123!Z&)E7&'Z(',.C!;*E!7;*.0)-!*+()&!*!&)=')SP!%,LZ*&'.0!(;)!(,(*A!.5LT)&!,+!Z*(').(E!S;,!
E(,ZZ)-!*!123!S'(;!(;)!(,(*A!.5LT)&!,+!Z*(').(E!S;,!E(*&()-!*!123P!M;)!&)L*'.'.0!(S,!7)AAE!&)Z&)E).(!
(;)!.5LT)&!,+!Z* (').(E!S;,!-'-!.,(!7;*.0)!*+()&!(;)!+'&E(!&)7,&-!,+!*!&)=')SP!! !
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! ! @+()&!+'&E(!-)L).('*!*..5*A!&)=')S! !
! ! @.('ZE/7;,('7! Q,!@.('ZE/7;,('7! !

K)+,&)!+'&E(!
-)L).('*!*..5*A! !

&)=')S!

@.('ZE/7;,('7! I"8 ! ^A) !
Q,!@.('ZE/7;,('7! a: ) I]"# ! !

! ! ! ! !
!

! ! @+()&!+'&E(!L)-'7*(',.!&)=')S! !
! ! @.('ZE/7;,('7! Q,!@.('ZE/7;,('7! !

K)+,&)!+'&E(!
L)-'7*(',.! !

&)=')S!

@.('ZE/7;,('7! NIF! bM) !
Q,!@.('ZE/7;,('7! .Ab) F#I] ! !

! ! ! ! !
C%4%0,+"&"00@"$&*%M+%?&&
H6!9P8I!]Nm!%2!8P]#!n!9P8]!!

37Q)L*&!()E(!E(*('E('7!'Ed!!" = (%&'))
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1,A/Z;*&L*7/ ! ! ! ! !
NJ] ! ! 8P^I! 8P^$! 8P^"!
! ! B8PF^!J!9P8"C! B8PN]!J!9P"8C! B8PF$!J!9P8NC!
98s! ! 8P#Nq! 8P#"! 8P##!
! ! B8PN^!J!8P]FC! B8P$#!J!9P9"C! B8PN#!J!9P8$C!
%,.E(*.(!
7,)++'7').(!!

J"P9$! J"PIF! JIP"$! J"P9]!

! BJ"P"9[!J"P8#C! BJ"P#I[!J9P]^C! BJIP]^[!J"P$]C! BJ"PN][!J9P^8C!
6*.-,L!)++)7(E 9! ! ! ! !
1&*7('7)!! ! 8P9$! 8PN]! J!
! ! B8P8FJ8PIFC! B8P"NJ9PINC! J!
1*(').(E!.)E()-!'.!
Z&*7('7)!

! 9P]I! "PF"! 9PF9!

! ! B9PN#J"PI^C! B9P]8JIPFIC! B9P""J"P9"C!
H6!B]Nm!%2C!qZp8P8N!
Q5LT)&!,+!Z*(').(E!E(,ZZ'.0!*.('ZE/7;,( '7E!*7&,EE!E(5-/!Z)&',-!.f9[9I^d!Q5LT)&!,+!Z*(').(E!E(,ZZ'.0!*.('ZE/7;,('7E!*+()&!*./!
L)-'7*(',.!&)=')S!.f!""$!B98P^mC[!.5LT)&!,+!Z*(').(E!E(,ZZ'.0!*.('ZE/7;,('7E!S'(;,5(!L)-'7*(',.!&)=')S!.f]9$!B98PImC!Q5LT)&!, +!
Z*(').(E!E(,ZZ'.0!*.('Z E/7;,('7E!*+()&!-)L).('*!&)=')S!.f#I!B#PNmC[!E(,ZZ'.0!S'(;,5(!-)L).('*!&)=')S!9[8FN!B98P#mC!Q5LT)&!,+!
,TE)&=*(',.E!.f"[I^#[!.f9[9I^!E(,ZZ'.0!*.('ZE/7;,('7E! !
Q5LT)&!,+!G1!Z&*7('7)!.f"NF!Q5LT)&!,+!Z*(').(E!(&*.E'(',.!'.(,!7*&)!;,L)!.f988 !
9)E('L*()-!=*&'*.7)! 7,LZ,.).(E!,+!(;)!&*.-,L!)++)7(E!)e5*(',.EP!_*&'*.7)!7,LZ,.).(E!*&)!)E('L*()E!,+!(;)!*L,5.(!,+!=*&'*.7)!'.!
(;)!-)Z).-*.(!=*&'*TA)!(;*(!'E!*((&'T5(*TA)!(,!(;)!&*.-,L!)++)7(EP!M;)&)!*&)!(S,!&*.-,L!)++)7(E!)e5*(',.E[!(;)!+'&E(!'E!*!&*.-,L!
'.()&7)Z(!B7,.E(*.(!,.A/C!*(!(;)!Z&*7('7)!A)=)A!*.-!(;)!E)7,.-!'E!(;)!&*.-,L!'.()&7)Z(!*(!(;)!Z*(').(!A)=)A[!S'(;!Z*(').(E!.)E()-!
S'(;'.!Z&*7('7)EP!!!!
@0)d!7).(&)-!*&,5.-!(;)!E*LZA)!L)*.!*0)!B^"!/)*&EC[!%%2d!%;*&AE,.!%,L,&T'-'(/!2.-)\!?7,&)d!;'0;)&!E7,&)E!f!S,&E)!7,L,&T'-'(/[ !
23bd!2.-'7)E!,+!35A('ZA)!b)Z&'=*(',.[!1,A/Z;*&L*7/!)\7A5-'.0!123E[!
%,AA'.)*&'(/!T)(S)).!7,=*&'*()E!()E()-[!L)*.!_2Vf9P8N!
%,.-'(',.*A!,.!(;)!+'\)-!)++)7(E[!(;)!A*().(!&)EZ,.E)!S'(;'.!Z*(').(!;*=)!*!7,&&)A*(',.!,+!8PI]!B]Nm!%2!8PI$ J8P$I[!(;)&)!S*E!A'((A)!
)++)7(!,+!S'(;'.!Z&*7('7)!7,&&)A*(',.[!7,&&)A*(',.!S*E!8P8I!B]Nm!%2!8P89J8P8FCP!3,-)A!S'(;!&*.-,L!)++)7(E!7,LZ*&)-!(,!L,-)A!
S'(;,5(!&*.-,L!)++)7(EP!?'0.'+'7*.(!-'++)&).7)!T)(S)).!(;)!L,-)AE!B`6!()E(! !" = 318.20!-+B"C[!Zfk8P889C!



!

"]^ !

!

!"#$%&U9&P+R%/&%--%),5&$.2+5,+)&*%2*%55+.0&4./%$&%5,+4",+02&,>%&*%$",+.05>+3&#%,?%%0&"&*%M+%?V&)$+0+)"$&"0/&/%4.2*"3>+)&
-"),.*5&"0/&.//5&.-&5,.33+02&,*+)1)$+)&"0,+/%3*%55"0,&4%/+)",+.0V&5,*",+-+%/&#1&$+M+02&5+,@",+.0V&+0&3%.3$%&?+,>&"&/%4%0,+"&
/+"20.5+5&+0&W02$"0/E&A$+0+)"$&<*"),+)%&B%5%"*)>&C","$+0F&J0S79(N&

!
!

>.*-c5E()-!
L,-)A !

@-c5E()-!L'\)-!
)++)7(E!L,-)A!!

R,L)!6)E'-).7)!E(&*('+'7*(',.! !

!
_@62@K`O?! ?(,ZZ'.0!

(&'7/7A'7!!
?(,ZZ'.0!(&'7/7A'7!!

B.f]"NC!
%*&)!R,L)!!

B.fFN$C!
Q,(!'.!%*&)!R,L)! !

B.f9[I#"C!
! ! ! ! !
@0)!B/)*&EC! ! 9P88! 9P8"! 9P88!
! ! B8P]]!J!9P8"C! B8P]]!J!9P8FC! B8P]^!J!9P8"C!
V)L*A)! ! 8PF^q! 8PF!̂ 8PF^q!
! ! B8PN"!J!8P^#C! B8PI]!J!9P9^C! B8PN9!J!8P]9C!
1&)=',5E!&)=')S!! ! ! ! !
3)-'7*(',.!&)=')S! ! 9P"8q! 9P"Nq! 9PF"q! 9P98!
! B9P89!J!9P$"C! B9P89!J!9PN$C! B9P9"!J!"PIFC! B8P^F!J!9P$"C!
b)L).('*!*..5*A!&)=')S! ! 8P#8q! 8PF"q! 8P^9! 8PNFq!
! B8PNI!J!8P]IC! B8P$N!J!8P^FC! B8P$F!J!9P$IC! B8PI^!J!8P^IC!
M,(*A!%%2!E7,&)!! ! 9P8I! 9P8!̂ 9P89!
! ! B8P]#!J!9P8]C! B8P]N!J!9P""C! B8P]$!J!9P8^C!
23b! ! ! ! !
I J$! ! 8P]I! 8PF]! 9P8$!
! ! B8PF$!J!9PI$C! B8PI$!J!9P$"C! B8PF#!J!9PF9C!
NJF! ! 8P^!̂ 8PFF! 9P89!
! ! B8PF8!J!9P"^C! B8PI9!J!9P$9C! B8PF$!J!9PN]C!
#Ĵ ! ! 8P]]! 8PNN! 9P9]!
! ! B8PF^!J!9P$FC! B8P"$!J!9P"NC! B8P#F!J!9P^FC!
] J98[!A)*E(!-)Z&'=)-! ! 9P8"! 8P^F! 9P8]!
! ! B8P#8!J!9P$]C! B8P$8!J!9P^$C! B8P#8!J!9P#8C!
%*&)!;,L) ! ! 8P#]! ! !
! ! B8PF9!J!9P8"C! ! !
1,A/Z;*&L*7/! ! ! ! ! !
NJ] ! ! 8P^#! 8P#8! 8P]F!
! ! B8PF]!J!9P99C! B8P$N!J!9P98C! B8P#"!J!9P"FC!
98s! ! 8P]]! 8P^$! 9P8!̂
! ! B8P#$!J!9PI"C! B8P$]!J!9P$IC! B8P##!J!9PNIC!
%,.E(*.(!7,)++'7').(! ! J"P"#! J"PN8! J"P^8! J"PNF!
! BJ"PIN[!J"P9]C! BJ"P]"[!J"P8^C! BJIPFF[!J9P]$C! BJIP8$[!J"P8^C!
6*.-,L!O++)7(E9! ! ! ! !
1&*7('7)!! ! J! 8P9N! J!
! ! J! B8P89JIP$NC! J!
1*(').(!.)E()-!'.!Z&*7('7) ! ! "PF9! IP8]! "P$#!
! ! B"P9IJIP"9C! B"P8Ĵ$PF9C! B9P]IJIP9FC!
Q5LT)&!,+!Z*(').(E!! ! 9[]F$! FN$! 9[I#" !
HTE)&=*(',.E! ][#]I ! ][#]8 ! I["N$! F[NIF!
Q5LT)&!,+!0&,5ZE! ! "N$! 9#N! "$] !

H6!B]Nm!%2C!qq!Zp8P8N!
Q5LT)&!,+!Z*(').(E!E(,ZZ'.0!(&'7/7A'7!L)-'7*(',.!.f]"N [!Q5LT)&!,+!Z*(').(E!E(,ZZ'.0!*+()&!L)-'7*(',.!&)=')S!.f!9^N!B98PFmC[!.!
E(,ZZ'.0!S'(;,5(!&)=')S!.f#$8!B]P"mC[!Q5LT)&!,+!Z*(').(E!E(,ZZ'.0!*+()&!-)L).('*!&)=')S!.fN^!B#P"mC[!.!E(,ZZ'.0!S'(;,5(!&)=')S!
.f^F#!B]P#mC[!Q5LT)&!,+!,TE)&=*(',.E!f9[]F$[!.!E(,ZZ'.0!(&'7/7A'7E!.f]"N!
Q5LT)&!,+!Z*(').(E!(&*.E'(',.!'.(,!7*&)!;,L)!.fF" [!Q5LT)&!,+!G1!Z&*7('7)E!.f"N$!!
9)E('L*()-!=*&'*.7)!7,LZ,.).(E!,+!(;)!&*.-,L!)++)7(E!)e5*(',.EP!_*&'*.7)!7,LZ,.).(E!*&)!)E('L*()E!,+!(;)!*L,5.(!,+!=*&'*.7)!'. !
(;)!-)Z).-*.(!=*&'*TA)!(;*(!'E!*( (&'T5(*TA)!(,!(;)!&*.-,L!)++)7(EP!M;)&)!*&)!(S,!&*.-,L!)++)7(E!)e5*(',.E[!(;)!+'&E(!'E!*!&*.-,L!
'.()&7)Z(!B7,.E(*.(!,.A/C!*(!(;)!Z&*7('7)!A)=)A!*.-!(;)!E)7,.-!'E!(;)!&*.-,L!'.()&7)Z(!*(!(;)!Z*(').(!A)=)A[!S'(;!Z*(').(E!.) E()-!
S'(;'.!Z&*7('7)EP!!!!
@0)d!7).(&)-!*&,5.-!(;)!E*LZA)!L)*.!*0)!B^"!/)*&EC!%%2d!%;*&AE,.!%,L,&T'-'(/!2.-)\!?7,&)d!;'0;)&!E7,&)E!f!S,&E)!7,L,&T'-'(/!
23bd!2.-'7)E!,+!35A('ZA)!b)Z&'=*(',.!1,A/Z;*&L*7/!)\7A5-'.0!123E!
%,AA'.)*&'(/!T)(S)).!7,=*&'*()E[!L)*.!_2Vf9P8N!
%,.-'(',.*A!,.!(;)!+'\)-!)++) 7(E[!(;)!A*().(!&)EZ,.E)!S'(;'.!Z*(').(!;*=)!*!7,&&)A*(',.!,+!8PF]!B]Nm!%2!8PFNJ8P#9C[!S;)&)*E!S'(;'.!
Z&*7('7)!7,&&)A*(',.!S*E!8P8#!B]Nm!%2!8P8NJ8P98CP!3,-)A!S'(;!&*.-,L!)++)7(E!7,LZ*&)-!(,!L,-)A!S'(;,5(!&*.-,L!)++)7(EP!?'0.'+'7*.(!
-'++)&).7)!T)(S)).!(;)!L ,-)AE!*.-!&*.-,L!)++)7(E!&)L*'.)-!'.7A5-)-!B`6!()E(! !" =9Ĵ IP$I!-+B"C[!Zfk8P889C!
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"]] !

!

!"#$%&U'&P+R%/&%--%),5&$.2+5,+)&*%2*%55+.0&4./%$&%5,+4",+02&,>%&*%$",+.05>+3&#%,?%%0&"&*%M+%?V&)$+0+)"$&"0/&/%4.2*"3>+)&
-"),.*5&"0/&.//5&.-&5,.33+02&$.028,%*4&<<KV&5,*",+-+%/&#1&$+M+02&5+,@",+.0V&+0&3%.3$%&?+,>&"&/%4%0,+"&/+"20.5+5&+0&W02$"0/E&
A$+0+)"$&<*"),+)%&B%5%"*)>&C","$+0F&J0S6V9;UN&

! >.*-c5E()-!3,-)A! ! @-c5E()-!L'\)-!
)++)7(E!L,-)A!!

R,L)!6)E'-).7)!E(&*('+'7*(',.! !
!
_@62@K`O?! ?(,ZZ'.0!A,.0J()&L!

112!!
?(,ZZ'.0!A,.0J()&L!

112!!
B.f!9["#$C!

%*&)!R,L)!!
B.f!N[8"^C!

Q,(!'.!%*&)!R,L)! !
B.f9"[99"C!

! ! ! ! !
@0)!B/)*&EC! ! 8P]^q! 8P] !̂ 8P]#q!
! ! B8P]F!J!8P]]C! B8P]N!J!9P88C! B8P]F!J!8P]]C!
V)L*A)! ! 8P^9q! 9P9I! 8P#Fq!
! ! B8PF#!J!9P88C! B8P#8!J!9P^"C! B8PF9!J!8P]NC!
1&)=',5E!&)=')S!! ! ! ! !
3)-'7*(',.!&)=')S! ! 9PIIq! 9PI]q! 9PN$q! 9PI9q!
! B9P9F!J!9PNIC! B9P9^!J!9PFNC! B9P9"!J!"P9IC! B9P8#!J!9PF8C!
b)L).('*!*..5*A!&)=')S! ! 8P$"q! 8PI]q! 8PI9q! 8P$"q!
! B8PII!J!8PN$C! B8PI8!J!8PN"C! B8P9^!J!8PNNC! B8PI9!J!8PN^C!
M,(*A!%%2!E7,&)!! ! 9P99q! 9P9Nq! 9P99q!
! ! B9P8F!J!9P9#C! B9P8I!J!9P"^C! B9P8$!J!9P9#C!
23b!! ! ! ! !
I J$! ! 9P"N! 8P]"! 9PI$!
! ! B8P#N!J!"P98C! B8PI]!J!"P9#C! B8P#]!J!"P"^C!
NJF! ! 9P8]! 9P"]! 8P]#!
! ! B8PFN!J!9P^9C! B8PNF!J!"P]^C! B8PN#!J!9PFNC!
#Ĵ ! ! 9P8!̂ 8PN"! 9P""!
! ! B8PFI!J!9P^IC! B8P"9!J!9PIIC! B8P#9!J!"P98C!
] J98[!A)*E(!-)Z&'=)-! ! 9P8F! 9P8I! 8P]]!
! ! B8PFI!J!9P##C! B8P$$!J!"P$"C! B8PN^!J!9PF^C!
%*&)!;,L) ! ! 9P8I! ! !
! ! B8P^I!J!9P"]C! ! !
1,A/Z;*&L*7/! ! ! ! ! !
NJ] ! ! 8PN^q! 8PN]q! 8PN^q!
! ! B8P$^!J!8PF]C! B8P$8!J!8P^#C! B8P$#!J!8P#9C!
98s! ! 8PIFq! 8PI$q! 8PIFq!
! ! B8P"^!J!8P$NC! B8P"9!J!8PNNC! B8P"#!J!8P$^C!
%,.E(*.(!7,)++'7').(! ! JIP#]! JFP8N! JFPF!̂ JNP^F!
! BJIP^N[!JIP#IC! BJFPN#[!JNPNIC! BJ#P#8[!JNPF#C! BJFP$9[!JNPI9C!
6*.-,L!O++)7(E9! ! ! ! !
1&*7('7)! ! 8P^8! 8P]F! 8P#$!
! ! B8PN$J9P"8C! B8P$NJ"P8$C! B8P$#J9P9FC!
1*(').(E!.)E()-!S'(;'.!
Z&*7('7)!!

! $P]#! FP8]! $P#]!

! ! B$PI"JNP#"C! B$PN]Ĵ P8^C! B$P8FJNPF$C!
Q5LT)&!,+!Z*(')(.E!! ! 9F[^8"! N[8" !̂ 9"[99" !
HTE)&=*(',.E! N^[N"I! N^[$]" ! 9#[I9#! $9[9#N!
Q5LT)&!,+!0&,5ZE! ! "#" ! "N"! "#" !
H6!B]Nm!%2C!qq!Zp8P8N!
Q5LT)&!,+!Z*(').(E!E(,ZZ'.0!*!A,.0 J()&L!112!.f9["#$[!Q5LT)&!,+!Z*(').(E!E(,ZZ'.0!*+()&!*!L)-'7*(',.!&)=')S!.f"F9!B"PFmC[!.5LT)&!
,+!Z*(').(E!E(,ZZ'.0!S'(;,5(!*!&)=')S!.f9[89I!B"P9mC[!Q5LT)&!,+!Z*(').(E!E(,ZZ'.0!*+()&!*!-)L).('*!&)=')S!.fF^!B9P8mC[!Z*(').(E!
E(,ZZ'.0!S'(;,5(!* !-)L).('*!&)=')S!.f9["8F!B"PImC[! Q5LT)&!,+!,TE)&=*(',.E!.f9F[^8"[!.5LT)&!E(,ZZ'.0!A,.0J()&L!112!.f!9["#$[!
Q5LT)&!,+!Z*('). (E!(&*.E'(',.!'.(,!7*&)!;,L)!.fII^[! Q5LT)&!,+!G1!Z&*7('7)E!.f"#"!!
9)E('L*()-!=*&'*.7)!7,LZ,.).(E!,+!(;)!&*.-,L!)++)7(E!)e5*(',.EP!_*&'*.7)!7,LZ,.).(E!*&)!)E('L*()E!,+!(;)!*L,5.(!,+!=*&'*.7)!'. !
(;)!-)Z).-*.(!=*&'*TA)!(;*(!'E!*((&'T5(*TA)!(,!(;)!&*.-,L!)++)7 (EP!M;)&)!*&)!(S,!&*.-,L!)++)7(E!)e5*(',.E[!(;)!+'&E(!'E!*!&*.-,L!
'.()&7)Z(!B7,.E(*.(!,.A/C!*(!(;)!Z&*7('7)!A)=)A!*.-!(;)!E)7,.-!'E!(;)!&*.-,L!'.()&7)Z(!*(!(;)!Z*(').(!A)=)A[!S'(;!Z*(').(E!.) E()-!
S'(;'.!Z&*7('7)EP!!!!
@0)d!7).(&)-!*&,5.-!(;)!E*LZA)!L)*.!*0) !B^"!/)*&EC[!%%2d!%;*&AE,.!%,L,&T'-'(/!2.-)\!?7,&)d!;'0;)&!E7,&)E!f!S,&E)!7,L,&T'-'(/[!
23bd!2.-'7)E!,+!35A('ZA)!b)Z&'=*(',.[!1,A/Z;*&L*7/!)\7A5-'.0!123E!
%,AA'.)*&'(/!T)(S)).!7,=*&'*()E[!L)*.!_2Vf9P8N!
%,.-'(',.*A!,.!(;)!+'\)-!)++)7(E[!(;)!A*().(!&)EZ,.E)!S' (;'.!Z*(').(!;*=)!*!7,&&)A*(',.!,+!8PF$!B]Nm!%2!8PF8J8PF#C[!S;)&)*E!S'(;'.!
Z&*7('7)!7,&&)A*(',.!S*E!8P8]!B]Nm!%2!8P8FJ8P9ICP!3,-)A!S'(;!&*.-,L!)++)7(E!7,LZ*&)-!(,!L,-)A!S'(;,5(!&*.-,L!)++)7(EP!?'0.'+'7*.(!

-'++)&).7)!T)(S)).!(;)!L,-)AE!*.-!&*.-,L!)++)7(E!&) L*'.)-!'.7A5-)-!B`6!()E(! !" =99]#P8]!-+B"C[!Zfk8P889C!
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7;=;8! ?33(0/-@)PA)F('%.-*05G-3)&(.O((0)%),(N-(OQ)"'-0-"%')%0/)/(4*2,%3G-")+%".*,5)
%0/)*//5)*+)5.%,.-02)EBJ5A)$%&'(5))

!"#$%&UU&P+R%/&%--%),5&$.2+5,+)&*%2*%55+.0&4./%$&%5,+4",+02&,>%&*%$",+.05>+3&#%,?%%0&"&*%M+%?V&)$+0+)"$&"0/&/%4.2*"3>+)&
-"),.*5&"0/&.//5&.-&5,"*,+02&"0,+)>.$+0%*2+)&4%/+)",+.0V&5,*",+-+%/&#1&$+M+02&5+,@",+.0V&+0&3%.3$%&?+,>&"&/%4%0,+"&/+"20.5+5&
+0&W02$"0/E&A$+0+)"$&<*"),+)%&B%5%"*)>&C","$+0F&J0S9V9;;N&

! >.*-c5E()-!L,-)A! ! @-c5E()-!L'\)-!)++)7(E!
L,-)A !

!!

R,L)!&)E'-).7)!E(&*('+'7*(',.! !
!

_@62@K`O?! ?(*&('.0!
*.('7;,A'.)&0'7E!

?(*&('.0!*.('7;,A'.)&0'7E!!
B.f!"["##C!

%*&)!R,L)!
B.fN[^INC!

Q,(!'.!%*&)!R,L) !
B.f9$[F#FC!

! ! ! ! !
@0)!B/)*&EC! ! 8P]^q! 9P88! 8P]#q!
! ! B8P]#!J!8P]]C! B8P]]!J!9P8"C! B8P]F!J!8P]^C!
V)L*A)! ! 8P]#! 8P^]! 8P] !̂
! ! B8P^N!J!9P99C! B8PF]!J!9P9FC! B8P^$!J!9P9$C!
1&)=',5E!&)=')S!! ! ! ! !
3)-'7*(',.!&)=')S! ! 9P"#q! 9P"8q! 8P]]! 9PI9q!
! B9P9$!J!9P$9C! B9P8F!J!9PIFC! B8P^8!J!9P"$C! B9P9I!J!9PN9C!
b)L).('*!*..5*A!
&)=')S!!

8P^"q! 8P##q! 8P#N! 8P##q!

! B8P#8!J!8P]#C! B8PF$!J!8P]"C! B8PN$!J!9P8$C! B8PF"!J!8P]FC!
M,(*A!%%2!E7,&)!! ! 8P]]! 8P]#! 9P89!
! ! B8P]F!J!9P8IC! B8P]9!J!9P8IC! B8P]#!J!9P8NC!
23b!! ! ! ! !
I J$! ! 9P89! 8P^!̂ 9P8!̂
! ! B8P#F!J!9PIIC! B8PNF!J!9PI]C! B8P#^!J!9P$^C!
NJF! ! 8P^N! 9P89! 8P^9!
! ! B8PFN!J!9P9IC! B8PFN!J!9PN#C! B8PN]!J!9P99C!
#Ĵ ! ! 9P8N! 9P88! 9P8!̂
! ! B8P#]!J!9PI]C! B8PFI!J!9PN]C! B8P#]!J!9P$]C!
] J98[!A)*E(!-)Z&'=)-! ! 8P^]! 8P]8! 8P^!̂
! ! B8PF^!J!9P9^C! B8PN#!J!9P$8C! B8PF$!J!9P"9C!
%*&)!;,L) ! ! 9P9Nq! ! !
! ! B9P88!J!9PIIC! ! !
1,A/Z;*&L*7/! ! ! ! ! !
NJ] ! ! 9P$8q! 9P]]q! 9P"]q!
! ! B9P"I!J!9PF9C! B9P$^!J!"PF^C! B9P98!J!9PN8C!
98s! ! IP9Fq! FP8^q! "P$Nq!
! ! B"P#8!J!IP#9C! B$PI]!J!̂ P$IC! B"P8I!J!"P]FC!
%,.E(*.(!7,)++'7').(! ! JIP^F! JNPF!̂ JNP^8! JNP#8!!
! BJIP]8JIP^9C! BJNP]#[!JNPI]C! BJFPIN[!JNP"NC! BJFP8I[!JNPI#C!!
6*.-,L!)++)7(E 9! ! ! ! !
1&*7('7)!! ! 8P9F! 8P"I! 8P"8!
! ! B8P99J8P"^C! B8P98J8P$]C! B8P9"J8PI$C!
1*(').(!.)E()-!'.!
Z&*7('7)!!

! IP9]! IP8"! IPI8!

! ! B"P^NJIPN#C! B"P$"JIP#FC! B"P^]JIP#FC!!
! ! ! ! !
H6!B]Nm!%2C!qZp8P8N!
?(*&('.0!*.('7;,A'.)&0'7E!*7&,EE!E(5-/!Z)&',-!.f"["##[!?(*&('.0!*.('7;,A'.)&0'7E!*+()&!*./!L)-'7*(',.!&)=')S!.f$II!B"PFmC[!S'(;,5(!
L)-'7*(',.!&)=')S!.f9[^$$!B"P9mC[!?(*&('.0!*.('7;,A'.)&0'7E!*+()&!*./!-)L).('*!&)=')S!.f9N]!B9P^mC[!S'(;,5(!-)L).('*! &)=')S!.f"[99^!
B"P"mC[!M,(*A!.5LT)&!,+!,TE)&=*(',.E!.f9][^9][!"["##!E(*&()-!*.('7;,A'.)&0'7E!,=)&!(;)!E(5-/!Z)&',-P!@.*A/E'E!'.7A5-)-!Z*(').(E!(&*.E'(',.'.0!
'.(,!7*&)!;,L)!.fF]"!*.-!(;)&)+,&)!7,.(&'T5('.0!( ,!.!,+!T,(;!E(&*('+')-!*.*A/E)EP!Q5LT)&!,+!G1!Z&*7('7)E!.f"#"! !
9)E('L*()-!=*&'*.7)!7,LZ,.).(E!,+!(;)!&*.-,L!)++)7(E!)e5*(',.EP!_*&'*.7)!7,LZ,.).(E!*&)!)E('L*()E!,+!(;)!*L,5.(!,+!=*&'*.7)!'. !(;)!
-)Z).-*.(!=*&'*TA)!(;*(!'E!*((&'T5(*TA)!(,!(;)!&*.-,L!)++)7(EP!M;)&)!*&)!(S,!&*.-,L!)++)7(E!)e5*(',.E[!(;)!+'&E(!'E!*!&*.-,L!'.()&7)Z(!
B7,.E(*.(!,.A/C!*(!(;)!Z&*7('7)!A)=)A!*.-!(;)!E)7,.-!'E!(;)!&*.-,L!'.()&7)Z(!*(!(;)!Z*(').(!A)=)A[!S'(;!Z*(' ).(E!.)E()-!S'(;'.!Z&*7('7)EP!!
@0)d!7).(&)-!*&,5.-!(;)!E*LZA)!L)*.!*0)!B^"!/)*&EC!%%2d!%;*&AE,.!%,L,&T'-'(/!2.-)\!?7,&)d!;'0;)&!E7,&)E!f!S,&E)!7,L,&T'-'(/[! 23bd!
2.-'7)E!,+!35A('ZA)!b)Z&'=*(',.[!1,A/Z;*&L*7/!)\7A5-'.0!123EP!%,AA'.)*&'(/!T)(S)).!=*&'*TA)Ed!L)*.!_2Vf!9P8$!!
%,.-'(',.*A!,.!(;)!+'\)-!)++)7(E!7,=*&'*()E[!(;)!A*().(!&)EZ,.E)E!S'(;'.!(;)!E*L)!Z*(').(!;*=)!*!7,&&)A*(',.!, +!8PN9!B]Nm%2!8P$^J8PNIC!*.-!,+!
8P8I!B]Nm!%2!8P8"J8P8$C!S'(;'.!(;)!E*L)!Z&*7('7)P!
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-"),.*5&"0/&.//5&.-&5,"*,+02&"0,+351)>.,+)&4%/+)",+.0V&5,*",+-+%/&#1&$+M+02&5+,@",+.0V&+0&3%.3$%&?+,>&"&/%4%0,+"&/+"20.5+5&
+0&W02$"0/E&A$+0+)"$&<*"),+)%&B%5%"*)>&C","$+0F&J0S6VU7ON&

! >.*-c5E()-!
L,-)A! !

@-c5E()-!L'\)-!
)++)7(E!L,-)A!!

R,L)!6)E'-).7)!?(&*('+'7*(',.! !
!
_@62@K`O?! ?(*&('.0!

*.('ZE/7;,('7! !
?(*&('.0!

*.('ZE/7;,('7! !
B.f9[$]FC!

%*&)!R,L)!!
B.f!N[^INC!!

Q,(!'.!%*&)!R,L)! !
B.f!9$[F^^C!

! ! ! ! !
@0)!B/)*&EC! ! 8P]^q! 8P]]! 8P]^q!
! ! B8P]#!J!8P]]C! B8P]#!J!9P88C! B8P]#!J!9P88C!
V)L*A)! ! 9P8I! 8P]$! 9P8F!
! ! B8P^F!J!9P""C! B8PF^!J!9PI"C! B8P^#!J!9PI8C!
1&)=',5E!&)=')S!! ! ! ! !
3)-'7*(',.!&)=')S! ! 9P"#q! 9P9]q! 9P89! 9PI8q!
! B9P99!J!9P$NC! B9P8I!J!9PI]C! B8P#^!J!9PI9C! B9P8^!J!9PNFC!
b)L).('*!*..5*A!&)=')S! ! 8P##q! 8PF^q! 8P#F! 8PF"q!
! B8PFI!J!8P]NC! B8PN$!J!8P^FC! B8PN"!J!9P9"C! B8P$#!J!8P^IC!
M,(*A!%%2!E7,&)!! ! 8P]Nq! 9P89! 8P]Iq!
! ! B8P]9!J!9P88C! B8P]$!J!9P8]C! B8P^^!J!8P]^C!
23b! ! ! ! !
I J$! ! 9P89! 9P9F! 8P] !̂
! ! B8P#"!J!9P$"C! B8PF^!J!9P]#C! B8PF#!J!9P$NC!
NJF! ! 9P8!̂ 9P9I! 9P8]!
! ! B8P##!J!9PN8C! B8PF#!J!9P]8C! B8P#N!J!9PF8C!
#Ĵ ! ! 9P8$! 9P89! 9P8!̂
! ! B8P#$!J!9P$FC! B8PN^!J!9P#$C! B8P#I!J!9PN]C!
] J98[!A)*E(!-)Z&'=)-! ! 8P#$! 8P^#! 8P#8!
! ! B8PN"!J!9P8$C! B8PN9!J!9P$^C! B8P$#!J!9P8$C!
%*&)!;,L) ! ! 9PI^q! ! !
! ! B9P9F!J!9PFNC! ! !
1,A/Z;*&L*7/ ! ! ! ! !
NJ] ! ! 9PN^q! "P99q! 9P$Nq!
! ! B9PII!J!9P^#C! B9P$^!J!"P]]C! B9P9]!J!9P##C!
98s! ! IPI"q ! $PF8q! "P]Iq !
! ! B"P#8!J!$P8^C! BIP98!J!FP^IC! B"P"^!J!IP#FC!
%,.E(*.(!7,)++'7').(! ! J$PIN! JFP^9! JFP^F! JFP#N!
! BJ$P$8[!J$P"]C!! BJ#P"8[!JFP$IC! BJ#PNF[!JFP9NC!! BJ#P9][!J!FPI9C!
6*.-,L!O++)7(E9! ! ! ! !
1&*7('7)! ! 8P"9! 8P"8! 8P"I!
! ! B8P9"J8PIFC! B8P8#J8PF9C! B8P9"J8P$$C!
1*(').(E!.)E()-!'.!Z&*7('7)! ! ! $PF9! $P$I! $P^9!
! ! B$P8]JNP9]C! BIPNNJNPN"C! B$P9ĴNPN$C!
! ! ! ! !
H6!B]Nm!%2C!qZp8P8N!
Q5LT)&!,+!Z*(').(E!E(*&('.0!*.('ZE/7;,('7!*7&,EE!E(5-/!Z)&',-!.f9[$]F!
Q5LT)&!,+!Z*(').(E!E(*&('.0!*.('ZE/7;,('7E!*+()&!*./!L)-'7*(',.!&)=')S!.f"^N!B9PNFmC[!E(*&('.0!S'(;,5(!L)-'7*(',.!&)=')S!.f9[ "99!B9P"FmC!
Q5LT)&!,+!Z*(').(E!E(*&('.0!*.('ZE/7;,('7E!*+()&!-)L).('*!&)=')S!.f!]^!B9P8#mC[!E(*&('.0!S'(;,5(!-)L).('*!&)=')S!.f9[I]^!B9PIImC! !
M,(*A!.5LT)&!,+!,TE)&=*(',.E!.f9][^9][!.f9[$]F!E(*&('.0!*.('ZE/7;,('7!L)-'7*(',.!! !
Q5LT)&!,+!Z*(').(E!(&*.E'(',.!'.(,!7*&)!;,L)!.f#8$! !
Q5LT)&!,+!G1!Z&*7('7)!.f"#"!!
9)E('L*()-!=*&'*.7)!7,LZ,.).(E!,+!(;)!&*.-,L!)++)7(E!)e5*(',.EP!_*&'*.7)!7,LZ,.).(E!*&)!)E('L*()E!,+!(;)!*L,5.(!,+!=*&'*.7)!'. !(;)!
-)Z).-*.(!=*&'*TA)!(;*(!'E!*((&'T5(*TA)!(,!(;)!&*.-,L!)++)7(EP!M;)&)!*&)!(S,!&*.-,L!)++)7(E!)e5*(',.E[!(;)!+'&E(!'E!*!&*.-,L! '.()&7)Z(!
B7,.E(*.(!,.A/C!*(!(;)!Z&*7('7)!A)=)A!*.-!(;)!E)7,.-!'E!(;)!&*.-,L!'.()&7)Z(!*(!(;)!Z*(').(!A)=)A[!S'(;!Z*(').(E!.)E()-!S'(;' .!Z&*7('7)EP!!!!
@0)d!7).(&)-!*&,5.-!(;)!E*LZA)!L)*.!*0)!B^"!/)*&EC!!
%%2d!%;*&AE,.!%,L,&T'-'(/!2.-)\!?7,&)d!;'0;)&!E7,&)E!f!S,&E)!7,L,&T'-'(/! !
23bd!2.-'7)E!,+!35A('ZA)!b)Z&'=*(',.!!!
1,A/Z;*&L*7/!)\7A5-'.0!123E!
%,AA'.)*&'(/!T)(S)).!7,=*&'*()E!'.7A5-)-!'.!L,-)A[!L)*.!_2Vf9P8N !
%,.-'(',.*A!,.!(;)!+'\)-!)++)7(E[!(;)!S'(;'.!Z*(').(!7,&&)A*(',.!S*E!8PN]!B]Nm!%2!8PNFJ8PF"C[!(;)!S'(;'.!Z&*7('7)!7,&&)A*(',.!S*E!8P8I!B]Nm!%2!
8P8"J8P8$CP!3,-)A!()E()-!S'(;,5(!&*.-,L!)++)7(E!B`6!()E(!!"f!9998P^^!-+B"C!Zfk8P889!
!
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!"#$%&UO&P+R%/&%--%),5&$.2+5,+)&*%2*%55+.0&4./%$&%5,+4",+02&,>%&*%$",+.05>+3&#%,?%%0&"&*%M+%?V&)$+0+)"$&"0/&/%4.2*"3>+)&
-"),.*5&"0/&.//5&.-&5,"*,+02&,*+)1)$+)&"0,+/%3*%55"0,&4%/+)",+.0V&5,*",+-+%/&#1&$+M+02&5+,@",+.0V&+0&3%.3$%&?+,>&"&/%4%0,+"&
/+"20.5+5&+0&W02$"0/E&A$+0+)"$&<*"),+)%&B%5%"*)>&C","$+0F&J0ST';N&

! >.*-c5E()-!
L,-)A! !

@-c5E()-!L'\)-!
)++)7(E!L,-)A!!

R,L)!6)E'-).7)!?(&*('+'7*(',. !
!
_@62@K`O?! ?(*&('.0!(&'7/7A'7!! ?(*&('.0!(&'7/7A'7!!

B.f^I#C!
%*&)!R,L)!!
B.fN[^INC!

Q,(!'.!%*&)!R,L)! !
B.f9$[#9NC!

! ! ! ! !
@0)!B/)*&EC! ! 8P]Fq! 8P]]! 8P]Fq!
! ! B8P]N!J!8P]^C! B8P]F!J!9P8IC! B8P]$!J!8P]#C!
V)L*A)! ! 9PI^q! "P"#q! 9P" !̂
! ! B9P8^!J!9P#^C! B9P9N!J!$P$#C! B8P]^!J!9PF^C!
1&)=',5E!&)=')S!! ! ! ! !
3)-'7*(',.!&)=')S! ! 9PI]q! 9PIFq! 9P9!̂ 9P$$q!
! B9P9#!J!9PF$C! B9P9"!J!9PF#C! B8P#N!J!9P^$C! B9P9N!J!9P^9C!
b)L).('*!*..5*A!&)=')S! ! 8P^]! 8P]8! 9PII! 8P#!̂
! B8PF]!J!9P9FC! B8PF#!J!9P"9C! B8P#F!J!"PI9C! B8PN$!J!9P99C!
M,(*A!%%2!E7,&)!! ! 9P8#q! 9P9I! 9P8F!
! ! B9P89!J!9P9$C! B8P]^!J!9PI9C! B8P]]!J!9P9$C!
23b! ! ! ! !
I J$! ! 9P88! 8P]F! 9P8N!
! ! B8PN^!J!9P#IC! B8PI9!J!IP8"C! B8PF8!J!9P^IC!
NJF! ! 8PF]! 8P$#! 8P##!
! ! B8P$8!J!9P"8C! B8P9$!J!9PNIC! B8P$$!J!9PIFC!
#Ĵ ! ! 8P]#! 8P#F! 9P8$!
! ! B8PNF!J!9PF]C! B8P"I!J!"P$FC! B8PN]!J!9P^IC!
] J98[!A)*E(!-)Z&'=)-! ! 8P^!̂ 8PF]! 8P]#!
! ! B8PN9!J!9PN9C! B8P""!J!"P9]C! B8PNN!J!9PF^C!
%*&)!;,L) ! ! 8P^8! ! !
! ! B8PF9!J!9P8$C! ! !
1,A/Z;*&L*7/! ! ! ! ! !
NJ] ! ! 9P88! 9P^Iq! 8P^!̂
! ! B8P^8!J!9P"$C! B9P8N!J!IP9#C! B8PF]!J!9P9"C!
98s! ! 9P9]! "P8Nq! 9P8]!
! ! B8P]8!J!9PN^C! B9P8F!J!IP]^C! B8P#]!J!9PN9C!
%,.E(*.(!7,)++'7').(! ! J$P]#! Ĵ PI"! J98P"I! Ĵ P9"!
! BJNP8$[!J$P^]C! BĴ P]9[!J#P#"C! BJ99P#F[!Ĵ PF]C! BĴ P#N[!J#P$^C!!
6*.-,L!O++)7(E9! ! ! ! !
1&*7('7)!! ! 8P#F! "P98! 8PFN!
! ! B8PN8J9P9FC! B9P98J$P8"C! B8PI]J9P8^C!
1*(').(E!.)E()-!'.!Z&*7('7)! ! ! FP$8! #P^N!! FP""!
! ! BNPNFJ#PI$C! BNP^FJ98PN"C! BNPI"J#P"^C!
Q5LT)&!,+!Z*(').(E!E(*&('.0!(&'7/7A'7!L)-'7*(',.!.f^I# [!Q5LT)&!,+!Z*(').(E!E(*&('.0!(&'7/7A'7!*+()&!*./!L)-'7*(',.!
&)=')S!.f9#I!B8P]mC[!.!E(*&('.0!S'(;,5(!&)=')S!.fFF$!B8P#mC[!Q5LT)&!,+!Z*(').(E!E(*&'.0!*+()&!-)L).('*!&)=')S!.fF$!
B8P#mC[!.!E(*&'.0!S'(;,5(!-)L).('*!&)=')S!.f# #I!B8P#mC!Q5LT)&!,+!,TE)&=*(',.E!.f9][^9][!.!E(*&('.0!(&'7/7A'7!.f^I#!
Q5LT)&!,+!G1!Z&*7('7)E!.f"#"!Q5LT)&!,+!Z*(').(E!(&*.E'(',.!'.(,!7*&)!;,L)!.f#I9! !
9)E('L*()-!=*&'*.7)!7,LZ,.).(E!,+!(;)!&*.-,L!)++)7(E!)e5*(',.EP!_*&'*.7)!7,LZ,.).(E!*&)!)E('L*()E!,+!(;)! *L,5.(!
,+!=*&'*.7)!'.!(;)!-)Z).-*.(!=*&'*TA)!(;*(!'E!*((&'T5(*TA)!(,!(;)!&*.-,L!)++)7(EP!M;)&)!*&)!(S,!&*.-,L!)++)7(E!
)e5*(',.E[!(;)!+'&E(!'E!*!&*.-,L!'.()&7)Z(!B7,.E(*.(!,.A/C!*(!(;)!Z&*7('7)!A)=)A!*.-!(;)!E)7,.-!'E!(;)!&*.-,L!'.()&7)Z(!
*(!(;)!Z*(').(!A)= )A[!S'(;!Z*(').(E!.)E()-!S'(;'.!Z&*7('7)EP!!!!
@0)d!7).(&)-!*&,5.-!(;)!E*LZA)!L)*.!*0)!B^"!/)*&EC!%%2d!%;*&AE,.!%,L,&T'-'(/!2.-)\!?7,&)d!;'0;)&!E7,&)E!f!S,&E)!
7,L,&T'-'(/!23bd!2.-'7)E!,+!35A('ZA)!b)Z&'=*(',.!1,A/Z;*&L*7/!)\7A5-'.0!123E!
%,AA'.)*&'(/!T)(S)).!7,=*&'*()E!()E()-[!L)*.!_2Vf9P8#!
%,.-'(',.*A!,.!(;)!+'\)-!)++)7(E[!(;)!A*().(!&)EZ,.E)!S'(;'.!Z*(').(!;*=)!*!7,&&)A*(',.!,+!8P$$!B]Nm!%2!8PI] J8P$][!(;)&)!
S*E!A'((A)!)++)7(!,+!S'(;'.!Z&*7('7)!7,&&)A*(',.[!S'(;'.!Z&*7('7)!7,&&)A*(',.!S*E!A)EE!(;*.!8P!3,-)A!S'(;!&*.-,L!)++)7(E!
7,LZ*&)-!(,!L,-)A!S'(;,5(!&*.-,L!)++)7(EP!?'0.'+'7*.(!-'++)&).7)!T)(S)).!(;)!L,-)AE!B`6!()E(! !" = 352.09!-+B9C[!
Zfk8P889C!
!

!
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!
!

>.*-c5E()-!L,-)A! ! @-c5E()-!L'\)-!
)++)7(E!L,-)A!!

R,L)!&)E'-).7)!E(&*('+'7*(',.! !

!
_@62@K`O?! ?(*&('.0!`,.0 J

()&L!112!!
?(*&('.0!`,.0 JM)&L!

112!
B.f9[FF"C!!

%*&)!R,L)!!
B.fN[^NIC!

Q,(!'.!%*&)!R,L)! !
B.f9$[NI$C!

! ! ! ! !
@0)!B/)*&EC! ! 8P]#q! 8P]Fq! 8P]^q!
! ! B8P]F!J!8P]^C! B8P]I!J!8P]]C! B8P]#!J!8P]]C!
V)L*A)! ! 8P#^q! 8P^8! 8P#^q!
! ! B8PFN!J!8P]$C! B8PN9!J!9P"#C! B8PF$!J!8P]NC!
1&)=',5E!&)=')S!! ! ! ! !
3)-'7*(',.!&)=')S! ! 9P89! 8P]N! 8P]9! 8P]N!
! B8P^]!J!9P9FC! B8P^9!J!9P99C! B8PF$!J!9P"#C! B8P#]!J!9P9$C!
b)L).('*!*..5*A!&)=')S! ! 8PF#q! 8PFNq! 8P$"q! 8P#"q!
! B8PN$!J!8P^IC! B8PN9!J!8P^IC! B8P"$!J!8P#NC! B8PNN!J!8P]NC!
M,(*A!%%2!E7,&)!! ! 9P98q! 9P9Nq! 9P8^q!
! ! B9P8$!J!9P9NC! B9P8$!J!9P"^C! B9P8"!J!9P9$C!
23b! ! ! ! !
I J$! ! 9P8]! 9P"]! 9P88!
! ! B8P#"!J!9PF#C! B8PF9!J!"P#IC! B8PFF!J!9PNIC!
NJF! ! 9P8]! 8P^!̂ 9P98!
! ! B8P#"!J!9PFNC! B8P$9!J!9P^^C! B8P#I!J!9PF#C!
#Ĵ ! ! 8P]N! 8P#]! 8P]$!
! ! B8PF"!J!9P$#C! B8PIF!J!9P#NC! B8PF9!J!9P$NC!
] J98[!A)*E(!-)Z&'=)-! ! 8P]"! 8P#$! 8P]8!
! ! B8PF8!J!9P$9C! B8PI$!J!9PN]C! B8PN]!J!9PI#C!
%*&)!;,L) ! ! 8P#Iq! ! !
! ! B8PF8!J!8P]8C! ! !
1,A/Z;*&L*7/! ! ! ! ! !
NJ] ! ! "P88q! 9PF8q! "P99q!
! ! B9PF]!J!"PIFC! B9P8#!J!"PI]C! B9P#N!J!"PNNC!
98s! ! IP88q! "P"Fq! IP"Iq !
! ! B"P$I!J!IPF]C! B9P$9!J!IPF"C! B"PNF!J!$P8]C!
%,.E(*.(!7,)++'7').(! ! JIP]F! JFP]N! J#PN]!! JFP^8!
! BJ$P89[!JIP89C! BJ#PI][!JFPN9C! BĴ PNI[!JFPFNC! BJ#P"N[!JFPI$C!!
6*.-,L!O++)7(E! ! ! ! !
%,.E(*.( ! ! 8P$#! 8PN"! 8PI !̂
! ! B8PI8J8P#NC! B8P9Ĵ9PN8C! B8P""J8PF$C!
%,.E(*.( ! ! NPI8! FPF8! NP8#!
! ! B$P#NJNP]IC! BNP"Ĵ̂ P"#C! B$P$#JNP#FC!
H6!B]Nm!%2C!qq!Zp8P8N!
Q5LT)&!,+!Z*(').(E!Z&)E7&'T)-!*!112!+,&!^!S))<E!,&!L,&)!.f9[FF"[!Q5LT)&!,+!Z*(').(E!Z&)E7&'T)-!*!A,.0J()&L!112!*+()&!*!L)-'7*(',.!
&)=')S!.f!"N]!B9P^9mC[!.5LT)&!,+!Z*(').(E!.,(!Z&)E7&'T)-!112!,&!Z&)E7&'T)-!+,&!A)EE!(;*.!^!S))<E!*+()&!*!&)=')S!.f9[$8I!B9P^ImC[!
Q5LT)&!,+!Z*('). (E!Z&)E7&'T)-!A,.0J()&L!112!*+()&!-)L).('*!&)=')S!.f]9!B9P"FmC[!.f9N#9!B9P^#mC!.,(!Z&)E7&'T)-!112!+,&!L,&)!(;*.!
^!S))<EP!Q5LT)&!,+!,TE)&=*(',.E!.f9][^9][!.f9[FF"!Z&)E7&'T)-!112!+,&!^!S))<E!,&!L,&)P!Q5LT)&!,+!Z*(').(E!(&*.E'(',.!'.(,!7*&)!
;,L)!.fNF^!Q5LT)&! ,+!G1!Z&*7('7)E!.f"#"!
9)E('L*()-!=*&'*.7)!7,LZ,.).(E!,+!(;)!&*.-,L!)++)7(E!)e5*(',.EP!_*&'*.7)!7,LZ,.).(E!*&)!)E('L*()E!,+!(;)!*L,5.(!,+!=*&'*.7)!'. !
(;)!-)Z).-*.(!=*&'*TA)!(;*(!'E!*((&'T5(*TA)!(,!(;)!&*.-,L!)++)7(EP!M;)&)!*&)!(S,!&*.-,L!)++)7(E!)e5*(',.E[!(;)!+'&E(!'E!*!&*.-,L!
'.()&7)Z(!B7,.E(*.(!,.A/C!*(!(;)!Z&*7('7)!A)=)A!*.-!(;)!E)7,.-!'E!(;)!&*.-,L!'.()&7)Z(!*(!(;)!Z*(').(!A)=)A[!S'(;!Z*(').(E!.)E ()-!
S'(;'.!Z&*7('7)EP!!!!
@0)d!7).(&)-!*&,5.-!(;)!E*LZA)!L)*.!*0)!B^"!/)*&EC!%%2d!%;*&AE,.!%,L,&T'-'(/!2.-)\!?7,&)d!;'0;)&!E7,&)E!f!S,&E)!7,L,&T'-'(/!
23bd!2.-'7)E!,+!35A('ZA)!b)Z&'=*(',.!1,A/Z;*&L*7/!)\7A5-'.0!123E!
%,AA'.)*&'(/!T)(S)).!7,=*&'*()E[!L)*.!_2Vf9P8N!
%,.-'(',.*A!,.!(;)!+'\)-!)++)7(E[!(;)!A*().(!&)EZ,.E)!S'(;'.!Z*(').(!;*=)!*!7,&&)A*(',.!,+!8PF"!B]Nm!%2!8PN]J8PFNC[!S;)&)*E!S'(;'.!
Z&*7('7)!7,&&)A*(',.!S*E!8P8$!B]Nm!%2!8P8IJ8P8#CP!3,-)A!S'(;!&*.-,L!)++)7(E!7,LZ*&)-!(,!L,-)A!S'(;,5(!&*.-,L!)++)7(EP!?'0.'+'7*.(!

-'++)&).7)!T)(S)).!(;)!L,-)AE!*.-!&*.-,L!)++)7(E!&)L*'.)-!'.7A5-)-!B`6!()E(! !" =9NF]P98!-+B"C[!Zfk8P889C!
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