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Abstract

Background: It is widely known that South Asian and Black minority ethnic groups, in the United
Kingdom, have a higher incidence and prevalence of cardiovascular disease and it is thought that
this may in turn place these ethnic groups at a greater risk of developing dementia than the White
ethnic groups. This study seeks to explore this theory further, using large scale population-based

databases, in the United Kingdom.

Methods: All eligible participants over the age of 50 years from the CPRD database, that were
free from a diagnosis of dementia at time of entry to the study, those with an ethnic coding were
stratified into 5 different ethnic groups, White, Black, South Asian, East Asian and Mixed. Their
trajectories were followed over the observation period from 1996 to the end of the study (2016).
Cardiovascular Disease (CVD) and available lifestyle risk factor data relating to the development

of dementia were also recorded over this period.

Results: A total of 1,091,242 individuals were included in the analytical sample, after exclusion
of those with missing ethnicity data. There were a total of 174,546 (16.3%) cases of ascertained
dementia. The white ethnic group had a higher mean age of dementia onset 81.8 years (SD 8.6)
just ahead of the East Asian 80.3 years (8.9) ethnic group and the lowest mean age of onset seen
in the Black ethnic group 76.3 years (SD 9.4). The fully adjusted Cox regression model (adjusting
for all covariates including, socioeconomic status and education) revealed a lower risk of incident
dementia in the Black [HR 0.83 (95% CI 0.74-0.93)] and South Asian ethnic groups [HR 0.55
(95% CI 0.49-0.61)], and the excessive risk in East Asian ethnic group was no longer found to
be significant [HR 1.14 (95% CI 0.93-1.42)]. The East Asian ethnic group had a higher
cumulative incidence of dementia than any other ethnic group when accounting for death as a
competing risk [sdHR 1.37, (95% CI 1.18-1.58 for East Asian compared to White ethnicity].
However, overall cumulative incidence rates of dementia did not significantly change between

the other ethnic groups when accounting for death as a competing risk.

Conclusion: The lower incidence of dementia seen in the Black and South Asian groups is
intriguing and may be due to case under ascertainment amongst these ethnic groups, in view of
their higher risk of cardiovascular disease. Understanding the differences for ethnic variation in
dementia rates is not only vital for aetiological research but also for the development of

prevention strategies, health service planning and resource allocation.
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1.1 Background

It is estimated that there are now over 50 million people living with dementia worldwide and this
figure is expected to rise to 131.5 million by 2050 (1, 2). The unprecedented ageing of the global
population appears to be the main driver for the increase in numbers of dementia sufferers world-
wide (3, 4). Analysis from the Global Burden of Disease Study 2019 estimated small percentage
changes in the number of projected dementia cases in high-income Asia Pacific [53% (41-67)]
and western Europe [74% (58-90)], and the largest in north Africa and the Middle East [367%
(329-403)] and eastern sub-Saharan Africa [357% (323-395)] (5). These projected increases in
cases are thought to arise due to population growth and population ageing contributing most to

the estimated increases in sub-Saharan Africa and East Asia respectively (5).

In contrast to the substantial number of people living with dementia, diagnostic coverage for
dementia is estimated to be only 5-10% in low- and middle-income countries (6). Early dementia
diagnosis may be hampered in different communities by several factors, which include cultural
barriers, scarcity of professionals and appropriate training, paucity or inadequate access to
memory clinics, support services, and geographic distancing (7). In the UK, The All Party
Parliamentary Group looked at dementia and found that people from ethnic backgrounds are less
likely to receive a formal diagnosis or receive support indicating the possibility of large numbers
of undiagnosed cases in the community (8). Marked ethnic inequalities in health care seeking,

likelihood of diagnosis, and uptake of treatments for dementia, have been reported worldwide

9).

Ethnic differences in dementia incidence and prevalence remain under-explored. There is a
dearth of studies looking at dementia amongst ethnic populations and this has led to imprecise
estimates in the prevalence and incidence rates of dementia amongst these groups of people,
particularly in the UK. Whilst ethnicity is an established risk factor for CVD and CVD risk
factors also increase the risk of dementia, the precise interrelationship (and underlying biological

mechanisms) between CVD risk, ethnicity and dementia are still poorly understood.

Cardiovascular risk factors, such as hypertension and diabetes are thought to contribute to the
development of dementia (10-13). Modifiable risk factors, which include physical activity, social
interactions, smoking, education, obesity and diet, hypertension and diabetes have been the
subject of much research and risk factors such as hypertension and diabetes are more common
in the Black, Asian, and other ethnic minority groups (9). In 2020 the recommendations from

The Lancet Commission on dementia prevention, intervention and care suggested that addressing

14



modifiable risk factors might prevent or delay up to 40% of dementia cases (14). Additionally,
reports from the World Health Organization (WHO) (15) and the National Academy of Medicine
(16), which sought to evaluate the effects of modifiable risk factors on cognitive decline and
dementia, concurred with a promising role in addressing these risk factors in order to reduce the

risk of dementia and cognitive decline (17).

Interestingly, trends in the prevalence of dementia in the UK have been reported to have reduced
over the last two decades. A two-decade comparison study of prevalence of dementia in
individuals aged 65 years and older from three geographical areas of England in the Cognitive
Function and Ageing Study I (CFAS I) and II (CFAS II) reported a decrease in dementia
prevalence over this time (18). Prevalence estimates from the CFAS I study were reported to be
664 000 individuals in 1991(18). The authors reported that when taking into account only the
effects of population ageing, this number would have been expected to be 884 000 in 2011 but
found the prevalence of dementia, only within care settings, to have increased from 56% to 70%
(18). This study showed an overall substantial decrease in prevalence of dementia when adjusted
for age, sex, area, and deprivation status; a decrease of 1:8% (OR CFAS 11 vs CFAS10-7, 95%
CI 0:6-0-9, p=0-003) (19) and similar findings have been reported in Europe and the US (20,
21).

Better cardiovascular disease and other risk factor management are thought to have contributed
to such findings. Whilst improvements in lifestyle risk factor management, better education and
greater attention to cardiovascular health issues have shown to reduce dementia incidence in
recent years, particularly in higher income countries, it still remains a concern that world-wide
numbers of dementia sufferers continue to increase exponentially, as a result of the

unprecedented ageing of the world population (5).

It is suggested that just over a third of Alzheimer’s disease cases, world-wide, might be
attributable to modifiable risk factors such as diabetes mellitus, mid-life hypertension, obesity,
physical activity, depression, smoking and low educational attainment (22), and the role of mid-
life cardiovascular disease in conferring increased risk for cognitive decline and dementia has
been confirmed by several longitudinal cohort studies (23-25). A systematic review and Bayesian
network meta-analysis in 2020 found reliable support for the hypothesis that modifiable somatic
and lifestyle factors are strong predictors of all-cause dementia (26). Not only are CVD risk
factors important to consider in the risk of developing dementia but behavioural, sociocultural,
education, income, occupation, wealth, and access to health care may also contribute to the racial

and ethnic differences in dementia risk amongst different populations (1).
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This thesis uses a large national database to explore the relationship between dementia and
ethnicity in a primary care population > 50 years, whilst accounting for the confounding effect
of cardiovascular disease and other lifestyle risk factors. It is my aim that findings from this study
could provide an enhanced understanding of key comorbidities and inter-risk relationships,
particularly in diverse ethnicities, for this devastating and increasingly prevalent
neurodegenerative disease of late life. In particular, the novel data produced could pave the way
for further, biomarker-enriched observational studies and/or lifestyle interventional studies to
mainly target different ethnic groups specifically. Study results could aid the understanding of
the mechanisms underlying the relationships between the disease of interest, and potentially
demonstrate opportunities for risk reduction. Due to the nature of this neurodegenerative disease
and its long preclinical state involving multiple factors, the use of standardised risk scores in
different ethnic populations is thought to be urgently required for the design of population based
preventative strategies, albeit highly complicated (27, 28).
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1.2 Thesis Structure

Chapter 1: Introduction

This chapter introduces the rationale of this study and an overview on the prevalence in relation
to ethnicity. This chapter also provides a detailed literature review of the available studies
evaluating the risk of dementia in different ethnic populations as well as the burden of
cardiovascular disease and lifestyle risk factors in these populations. Some of the biological

mechanisms underlying the dementia risk will also be reviewed in this chapter.

Chapter 2: Methodology

The methodology used in this study is outlined in this chapter, which includes a description of
the data source, the actual data and coding system, as well as evaluating the strengths and
limitation of the data set used. The study design, as well as the eligibility criteria for the patients
in the study are discussed. Furthermore, the extraction of the main variables of interest, as well
as the ‘cleaning’ of the data set and management of the dataset is further explained in the chapter.
I'will also discuss how I developed an algorithm that was used for the identification of additional

cases of dementia. Chapter 2 concludes with an overview of the statistical analysis plan.

Chapter 3: Results

Aims to present the demographic data, incidence of dementia amongst the different ethnic
groups. The results then expand to specifically investigate the association between ethnicity and
dementia and to assess the role of death as a competing risk in the association found.

Chapter 4: Discussion

This chapter discusses and evaluates my findings in light of similar studies in the literature as
well as presenting the main strengths and limitations of this study.

Chapter 5: Future work

The final chapter aims to summarise and conclude on the work completed in this thesis and

provide directions for future work.
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Introduction

This chapter provides a brief background information about the main disease of interest:
dementia and whether there is any known association between ethnicity and dementia risk.
Factors associated with increasing the risk of dementia will also be discussed in this chapter and

findings from various UK based and other relevant studies are summarized in tables.

1.5 Global Dementia Prevalence

There are nearly 50 million people living with dementia globally currently and as this figures
continues to rise, with increases predicted in nearly every country (2, 29), it is estimated that
much of the increase will be seen in developing countries (30). Potential geographical
differences in rates of dementia may be due to racial, genetic, environmental risk or protective
factors, neuropsychological vulnerability, or cultural practices (31). Lower income countries
tend to have a lower life expectancy, which reduces the prevalence of dementia; however,
demographic ageing is a worldwide process that demonstrates the successes of improved health
care and delivery over the last century (5). Many people are now living longer and healthier,
contributing to a significant increase of the proportion of older adults in the general populations.
Noticeably, it has been reported that there is one case of dementia diagnosis every three seconds,

worldwide (30).

In terms of the socio-economic burden of dementia, it has been estimated that the total estimated
worldwide cost of dementia in 2015 stood at US$ 818 billion which represented 1.09% of the
global GDP at the time. The annual global cost of dementia is valued above US$ 1.3 trillion, in
2022 and is expected to rise to US$ 2.8 trillion by 2050 (7). This figure also includes costs
related to community care professionals and residential home settings, as well as the direct costs

of medical care (30).

For people aged between 65 and 69, around 2 in every 100 people have dementia. A person’s
risk then increases as they age, roughly doubling every five years from the age of 65 years
(32). A recent metanalysis found that the prevalence of all-type dementia in individuals aged 100
years and older (6,592 per 10,000 cases) was 244 times higher than in those aged 50-59 (27 per
10,000 cases) (32).
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In 2010 the global prevalence of dementia was estimated to be 4.7% in people older than 60
years with regional prevalence of 2.6% in Africa, 4.0% in Asia, 6.2% in Europe and 6.9% in
North America (33). In 2015 revised estimations found increases in dementia suffers across
Europe (10.5m), Africa (4m), Americas (9.4m) and Asia (22.9m) (3). Further geographical
breakdown of estimates indicate that East Asia is the region with the most people living with
dementia (9.8m), followed by Western Europe (7.5m), South Asia (5.1m) and North America
(4.8m) (3). It has recently been estimated that the number of people with dementia would
increase from 57.4 (95% uncertainty interval 50.4—65.1) million cases globally in 2019 to 152.8
(130.8—-175.9) million cases in 2050 (34). Given the projected trends in population ageing and
population growth, the number of people with dementia is expected to increase with population
growth contributing most to the increases in sub-Saharan Africa and population ageing

contributing most to the increases in east Asia (34).

Research has shown that most people currently living with dementia in Asia have not received a
formal diagnosis (3, 35). Even in high income countries, it has been reported that only 20-50%
of dementia cases are recognised and documented in primary care. This ‘treatment gap’ is
certainly much greater in low and middle income countries, with one study in India suggesting

that 90% of dementia patients remain undiagnosed (30).

A recent report evaluated the attitudes towards dementia worldwide and found that concealment
of dementia diagnosis varied regionally with the general public in Europe (25.7%) and the
Americas (24.5%) reporting that they would keep a diagnosis of dementia as a secret (2).
Healthcare practitioners also reported high levels of concealment in Europe (19%) and the
Americas (17.4%) (2). In relation to attitudes and views around danger, 45% of people living in
South-East Asia, and 48% of healthcare practitioners, think that people with dementia are
dangerous to society, yet high proportions of people living in the South East Asia region were
willing to have a family member living with dementia to move in with them (2). Concealment
and secrecy are key examples of stigma surrounding dementia. A recent UK based study, looking
into the awareness and understanding of dementia in South Asians, found that there was a limited
knowledge and understanding of dementia amongst this ethnic population (36). Symptoms of
dementia were seen as merely a 'memory loss' and believed to be a part of a normal ageing
process. On the other hand, some South Asian carers reportedly even viewed dementia as

‘demons’ or ‘God's punishments’ (36, 37).

The All-Party Parliamentary Group on Dementia's inquiry report (2013) put the figure for the

number of people in England and Wales from black and minority ethnic groups living with
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dementia at 25,000, substantially revised from the previous estimate of 15,000 in the 2009
National Dementia Strategy (38). According to figures from the Alzheimer’s Society, numbers
are expected to double to 50,000 by 2026 and rise to over 172,000 by 2051. This estimate
represents nearly a seven-fold increase in 40 years, compared to just over a two-fold increase in

the numbers of people with dementia across the whole UK population in the same time period.

The Cognitive Function in Ageing (CFAS) study conducted in 2013 estimated that there were
815,827 people with dementia living in the UK, of whom 773,502 were aged 65 years or over.
The authors report that if the prevalence of dementia were to remain the same, the number of
people with dementia in the UK would be forecast to increase to 1,142,677 by 2025 and
2,092,945 by 2051, indicating an increase of 40% over the next 12 years and of 156% over the
next 38 years (19).

In 2015 the CFAS II study was designed to test whether the prevalence of dementia in the UK
had changed from 1991 to 2011 and found in 2011 that numbers were closer to 670 000, (214
000 fewer than initial predictions), indicating a reduction from the figures forecasted in CFAS I
of up to 24% (19). Although several factors could have accounted for an increase of dementia
sufferers at specific ages (such as those associated with diabetes, survival after stroke, and
vascular incidents), other factors such as improved prevention of vascular morbidity and higher
levels of education, seem to have had a greater effect in contributing to the observed reduction
seen in prevalence rates (19). However, the authors did not evaluate the ethnic background of

participants.

This decline has also been reported in a recent study, where aggregated data from individuals
>65 years of age in 7 population-based cohort studies in the United States and Europe, from the
Alzheimer Cohort Consortium, were analysed. The incidence rate of dementia was reported to
have declined by 13% per calendar decade (95% CI 7%-19%) and this was consistently seen
across studies, and found to be greater in men than in women (24% [95% CI 14%-32%] vs [8%

(95% CI 0%-15%)] (39).

Other studies have also consistently reported the incidence and prevalence of Alzheimer’s
disease particularly in other western European countries and the US studies to show a decreasing
trajectory; this phenomenon was thought to be a result of better management of cardiovascular
and metabolic risk factors, such as hypertension and diabetes (19, 21, 40) as well as life-long

lifestyle factors (41).
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1.3 Dementia

Derived from the Latin root ‘de mens’ (‘concerning’ ‘mind’), Dementia is a clinical syndrome
mainly of late onset and characterised by progressive cognitive and functional decline (42).
Dementia is now one of the main causes of disability in late life, ahead of cancer, cardiovascular
disease (CVD) and stroke (43). The Global Burden of Disease has estimated that dementia
accounts for 11.2% of disability years in people >60 years of age, a value higher than the
disability years attributable to stroke (9.5%), cardiovascular diseases (5.0%), musculoskeletal

disorders (8.9%) and all forms of cancer combined (2.4%) (27, 44).

Clinically, dementia is characterized by an insidious onset and subsequent progressive
deterioration of cognition, prominently affecting the domain of episodic memory but also
resulting in loss of insight, judgment, language, changes in perception, behaviour and symptoms
of dyspraxia and an inability to function in daily routine activities (45). There is one new case of
dementia diagnosed worldwide every three seconds (46). Alzheimer’s disease (AD), is thought
to be the leading cause of dementia and is thought to explain 70-80% of all cases of dementia
followed by Vascular dementia (VD), Lewy body dementia (LBD), Parkinson’s disease
Dementia, Frontotemporal dementia (FTD) and Limbic-predominant age-related TDP-43
encephalopathy LATE (43, 47).

High Amyloid B (AP) and phosphorylated tau deposition have been historically considered as
major key pathological landmarks and, potentially, a major cause of AD pathogenesis (48). More
recently it 1s has come to light that TDP-43 (a TAR DNA-binding protein-43) may participate in
various pathogenic mechanisms underlying AD, such as amyloid B deposition, tau
hyperphosphorylation, mitochondrial dysfunction, and neuroinflammation (47, 49). More
recently pathological aggregates known as TDP-43 have been observed in patients with
frontotemporal lobe degeneration (FTD) and amyotrophic lateral sclerosis (ALS) and similar
findings were found in the limbic system of patients with AD, including the hippocampus,
amygdala, and adjacent cortex (50). Limbic-predominant age-related TDP-43 encephalopathy
(LATE) is defined by a stereotypical TDP-43 proteinopathy in older adults, with or without
coexisting hippocampal sclerosis pathology, and is associated with an amnestic dementia
syndrome that mimics Alzheimer’s-type dementia in retrospective autopsy studies (47). LATE
is reported to share pathogenetic mechanisms with both frontotemporal lobar degeneration and

Alzheimer's disease and suggests disease-specific underlying mechanisms (47).
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The interaction between cerebrovascular disease and AD is a topic of considerable current
interest (51). Recent epidemiological and clinico-pathological data indicate considerable overlap
between cerebrovascular disease and AD, possibly suggesting a compounded and/or synergistic
effects of both pathologies on cognitive decline [46], as “mixed pathologies” are commonly seen
in patients over the age of 76 (52). With age, there is an increasing prevalence of coincident AD
and cerebrovascular disease that is well recognized (51) and understanding the impact of
cerebrovascular disease in relation to AD pathology is of increasing concern and importance.
The burden of vascular and AD-type pathologies are leading and independent causes of dementia
in the elderly (51, 53). AD patients with concomitant cerebrovascular disease were reported to
be older and more severely demented but were reported to have less severe AD pathology than

patients without cerebrovascular disease (54, 55).

Epidemiological studies have consistently shown that cerebrovascular disease and AD share
common risk factors such as hypertension during and post midlife, diabetes mellitus, smoking,
apolipoprotein E (ApoE) €4 isoforms, hypercholesterolemia, homocysteinemia, and age (56-59).
Cardiovascular risk factors, e.g., atrial fibrillation and congestive heart failure, have also been

linked to the pathogenesis and progression of AD (60-62).

According to the vascular theory, chronic non-communicable diseases (hypertension, diabetes
mellitus, dyslipidemia, obesity, and cardiac disease) including a sedentary lifestyle is thought to
produce several vascular changes (63, 64). These changes involve thickening of the capillary
basal membrane and the accumulation of collagen in the vascular endothelium, leading to
vascular atrophy of the vascular terminations, whilst decreasing the number of terminal blood
vessels (53). Neurovascular dysfunction appears to play a key role in the pathogenesis of AD
(65). In a study of 6293 participants from the MESA (Multi-Ethnic Study of Atherosclerosis),
aged 45 to 84 years at baseline (2000-2002) baseline coronary artery calcium (CAC) was
examined and its association with incident dementia independent of vascular risk factors and
APOE-¢g4 genotype (66). The study reported higher baseline CAC was significantly associated
with increased risk of dementia independent of vascular risk factors, APOE-g4, and incident
stroke. Findings which are consistent with other theories that hypothesise that vascular injuries
play a role in the development of dementia and may well correlate with subclinical vascular

changes in the brain (66).

Historically, studies have found between 5%-35% of the demented subject's autopsies have
mixed lesions of cerebrovascular disease and AD (67-69). Other autopsy-based studies showed

that the dementia proportion increases from 57% to 75% due to the presence of large artery
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infarctions and up to 93% due to the presence of lacunar infarcts (53) and 50% to 84% of the
brains of persons who die aged 80 to 90+ show substantial cerebrovascular lesions (70). The
Medical Research Council Cognitive Function and Ageing Study in 2012, examined 456 brain
donations ranging from 66-103 years were assessed using a standard protocol for Alzheimer's
disease (AD) and cerebrovascular pathology (71). Whilst vascular risk factors were not
associated with an increased burden of AD at death in old age in this study, findings supported
the view that cerebral small vessel disease and cardiovascular disease were interrelated (71). A
more recent study assessed cerebrovascular disease in 5,715 autopsy cases from the National
Alzheimer’s Coordinating Centre (NACC) database, and confirmed previous data on the
prevalence of cerebrovascular disease in AD and the accumulative/adverse effect of both AD

and vascular pathologies on cognition (51).

A recent report commissioned by the Alzheimer’s Association in 2021 found that, upon survey,
an overwhelming majority of non-White Americans stated the importance for Alzheimer’s and
dementia care providers was to understand their ethnic or racial background and experiences,
including Native Americans (92%), Blacks (89%), Hispanics (85%) and Asian Americans (84%)
(17). The report found that non-White racial/ethnic populations face more challenges in
accessing and receiving high quality dementia care and support services in the current
environment and suggested that discrimination and lack of diversity in the health care profession
are significant barriers that demand attention. Approximately 50% of Black and Native
Americans reported feeling less confident about access to providers who are culturally
competent, and only about 3 in 5 Asian Americans (63%) and Hispanics (59%) felt confident
(17). Finding suggest that older Black and Hispanic Americans are also disproportionately more
likely to have Alzheimer’s and other dementias, including more missed diagnoses, than older

White Americans (72, 73).

In an increasingly multicultural society, such as the UK, it is vital that we further our
understanding of any ethnic differences in rates of dementia as well as any barriers to accessing
health care. Not only does this have implications for future aetiological research but it can also
better inform policy makers of prevention strategies and provide guidance in terms of the clinical
care that needs to be delivered within the health service through better planning and allocation

of resources (31).
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1.4 Terminology

The clinical diagnostic criteria for Alzheimer’s disease were initially revised in 2011 and re-
revised in 2018, by a committee appointed by the National Institute on Aging (NIA) and the
American Alzheimer’s Association (AA). The 2011 NIA-AA outlined Diagnostic Guidelines for
Alzheimer’s disease (AD) and research guidelines for the earlier stages of the disease which
reflected a deeper understanding of the disorder and covered the full spectrum of the disease, as
it gradually changes over the years and covers 3 distinct areas, preclinical, mild cognitive

impairment (MCI) and dementia due to Alzheimer’s disease pathology.

The 2011 NIA-AA criteria for AD more specifically incorporated the two biomarkers of the
underlying disease state: AP and p-Tau accumulation [as illustrated by positron emission
tomography of amyloid load (amyloid and Tau PET) and in the cerebrospinal fluid (CSF)] and
neuronal degeneration or injury, represented by loss of brain volume on magnetic resonance
imaging (MRI) and elevated CSF t-tau. Processes such as the deposition of amyloid and
accumulation of phosphorylated tau-enriched tangles in neocortical regions of the brain are
thought to start decades prior to the onset of dementia (43, 74). In 2018 the NIA-AA research
framework re-defined AD biologically, by incorporating neuropathologic changes and
biomarkers, whilst treating cognitive impairment as a symptom/sign of the disease rather than
the definition of the disease (75). The new classification system included a diagnosis of AD
through an amyloid/tau/neurodegeneration (AT[N]) framework spanning a continuum from pre-

clinical stages to severe dementia (75).

It is clear from clinico-pathological studies that not all those with AD-type brain changes will
develop overt cognitive impairment and dementia. The ability of the brain to tolerate or respond
to structural changes is known to differ among individuals, and it is thought that this neural or
cognitive reserve (76) may offer explanations as to why pathological changes can accumulate
pathological changes for some time without any clinical signs or symptoms (43, 77). The
presence of AD neuropathology does not necessarily translate into a typical clinically diagnosed
AD; equally, clinically diagnosed AD is not caused exclusively by AD neuropathology. The
terms Late Onset Dementia (LOD) and AD have also often been used interchangeably, in
literature and in many studies. It is therefore important that there is clarity in the language used
and that Dementia due to AD meets the NIA-AA diagnostic criteria. Whilst the NIA-AA and
International AD criteria both clearly provide highly specific criteria for the diagnosis of AD, it

is often not possible to establish this in population-based studies. Given the paucity of granular
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AT[N] data in clinical practice, during the observation period of this study and for the purposes
of this PhD the term Dementia or LOD will include AD, Vascular dementia (VD), Mixed AD &
VD, LATE Dementia, Lewy Body Dementia (LBD), Dementia with Parkinson’s Disease (PDD)

and Frontotemporal Dementia (FTD), although the latter has an earlier age of onset.

1.6 Ethnicity and Life Expectancy in the UK

According to the UK 2011 Census, 48.2 million people (86.0 per cent of the population), reported
their ethnic group as White. Indian was the next largest ethnic group with 1.4 million people (2.5
per cent) followed by Pakistani (2.0 per cent). This is consistent with census findings on
international migration. The Black/ Caribbean/African/Black British accounted for 3.3% of the
total population of the UK with the Asian/Asian British ethnic group categories having had some
of the largest increases between the 2001 and 2011 Censuses. The ONS reported that from 2001
to 2011, the percentage of the population of England and Wales that was White British decreased
from 87.4% to 80.5%, while the Other White group saw the largest increase in their share of the
population, from 2.6% to 4.4%. The percentage of the population from a Black African
background was reported to have doubled from 0.9% in 2001 to 1.8% in 2011 (78).

The South Asian and Black Caribbean ethnic minority groups form the largest and longest
established minority populations in the UK (78). Most first-generation migration occurred in the
1950s and 60s, such that the majority are now of pensionable age. Further expected future growth
in the number of older people from ethnic minority backgrounds calls for the need to recognise,
understand and uncover the heterogeneous and diverse nature of old age and later life experiences

as well as their needs within Western host countries (79).

Variations in prevalence of common chronic diseases have been identified (80) and both South
Asian and Black Caribbean groups have been reported to have worse profiles (31). The South
Asian subcontinent represents almost a quarter of the developing world and refers to a group of
countries that includes India, Pakistan, Sri Lanka, Nepal and Bangladesh, where 1.6 billion
people live. This region constitutes about 1/5 of the world’s population (81) and the people of

South Asian origin now represents one of the largest ethnic groups in the world (82).
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Research has shown that mortality is low for most immigrants compared to natives in host
countries. This advantage is often attributed to health selection processes in migration and to
protective health behaviours (83). Wallace’s study showed that immigrants to England and
Wales had lower mortality than the England and Wales-born White population, but that the
descendants of immigrants (born in the UK) had higher mortality and that it was fully attenuated
after adjustment for socioeconomic position (SEP), which includes education, occupational
grade, home tenure, health behaviours (smoking, physical activity, total weekly alcohol intake,
and sedentary behaviour), as well as medical history (83). The study by Bhopal and colleagues
also showed that among all non-White ethnic groups analysed (any mixed background, Indian,
Pakistani, Bangladeshi, other S. Asian, Caribbean, African, Black Scottish or Other Black,
Chinese), mortality among those born outside the UK/Ireland was lower than among those born
in the UK/Ireland (84). The reasons for differences in health status between different ethnic
groups have been shown to be highly complex. (85). However, longitudinal evidence examining
onset of illness and mortality among older people who were initially healthy, shows marked
increases in estimates of socio-economic inequalities, when mortality is considered as an

outcome alongside morbidity (86, 87).

In the UK there has been extensive work describing ethnic inequalities in health for the
population as a whole, but very little work describing ethnic inequalities in later life. An
additional remarkable feature of the circumstances of ethnic minority people in the UK that is
worth noting in terms of health, is their concentration in quite specific locations. These locations
are, as expected, primarily in areas that are rated very poorly according to statistics such as the
Index of Deprivation (Department for Communities and Local Government, 2011) and this has

been known to have a negative impact on the health of ethnic minority people.

A study which looked into the age group of 61-70 years, found that 34% of White English people
report fair or bad health, compared with 63—69% of Indian, Pakistani and Caribbean people and
86% of Bangladeshi people (79, 86, 87). Studies have also shown a slower estimated growth rate
of frailty for those in the richest tertile compared to the poorest tertile, a finding that is statistically
significant (79). Cross-sectional descriptions of the population aged 65 years and older show the
inverse relationship between both wealth and occupational status and a range of markers of health

(physical, psychological and overall frailty) (79).

Differences in age related patterns of morbidity and mortality amongst different ethnicities are
thought to arise as a consequence of a number of factors, summarised by Nazroo in 2005, in three

key areas 1. ‘a differential experience of the ageing process as a result of differences across
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ethnic groups in the accumulation of exposures to social and economic risk over time,” 2.‘a
generation - specific impact in relation to pre and post migration circumstances and 3.
‘generation contextual/periods affecting age cohorts and first and subsequent generations of
migrants (such as economic opportunities, transformations in identities, and acceptance into and

participation in social and civic life’ (88).

1.7 Genetics, APOE Genotype and Dementia Risk

Familial AD has an earlier disease onset and is rare, with only 1-2% of Alzheimer's cases
identified as inherited, in an autosomal dominant manner. The apolipoprotein E4 (APOE e4)
allele is known to significantly increase the risk of both the commonest, sporadic, late onset form
of Alzheimer’s disease and non-Alzheimer-disease dementia forms and is located on
chromosome 19. APOE e4 is considered to be the strongest genetic risk factor for late onset AD
and most validated risk factor for sporadic AD (89). However, the APOE e4 effect only accounts
for 27.3% of the overall heritability estimated at 56-79% (90) thus, a large proportion of the
heritability remains unexplained (89). The APOE e4 gene provides the blueprint for a protein
that transports cholesterol in the bloodstream researchers have found differences in the frequency
of these pairs in different racial and ethnic groups. (91). APOE e4 allele increases the risk for
AD whereby homozygous e4 careers (with two e4 copies) will have a higher risk than
heterozygous e4 individuals (a combination of one €4 copy, and an alternative copy: €2 or e3
allele), who in turn have a higher risk than individuals with no e4 copies (43). In familial AD,
causative genetic mutations include those encoding the amyloid precursor protein (APP);
presenilin 1 (PSEN1) and presenilin 2 (PSEN2), although this accounts for a small percentage
of cases (92).

It has been reported that there is variability in the strength and type of association between
Alzheimer’s disease and APOE polymorphisms among ethnic groups. For instance, in
Singapore, Malays seem to have the highest frequency of the APOE e4 allele, whereas APOE e2
was least common in Indians (93). A higher percentage of African Americans than European
Americans have at least one copy of the e4 allele (91) . Another study found the association of
the APOE e4 allele with AD and non-AD dementia forms to be weaker for African-Americans

than for Hispanics and whites, and was not found in native Nigerians, whereas the APOE 2/3
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genotype was associated with an increased risk of AD in African-Americans but a reduced risk

in white ethnic groups (94, 95).

Our understanding of the genetic architecture and contribution to the aetiology of
neurodegenerative diseases has considerably increased over the years, and to date there have
been a few GWAS studies looking at AD in different ethnic populations. A study in 2013
identified SORL1 loci to be genetically associated with late-onset Alzheimer's disease in
Japanese, Koreans and Caucasians (96). More recently in 2021 a Japanese large genome-wide
association study of AD and trans-ethnic meta-analysis with Caucasian GWAS data identified
novel susceptibility loci for AD (89) and another novel locus FAM47E reached genome-wide

significance in a meta-analysis of association of AD in the Japanese population (89).

A genome-wide association study of 8,000 African American participants in 2021, found 11
novel AD risk loci, including four common variants and seven rare ones (97). Of the25 known
loci associated with Alzheimer disease in non-Hispanic White individuals, only APOE, ABCA7,
TREM?2, BIN1, CD2AP, FERMT2, and WWOX were implicated at a nominal significance level
or stronger in African American individual. Many of the exact genes differed from those
identified in larger studies with predominantly white participants, however their functions in

immunity, intracellular trafficking, and lipid processing were found to mostly overlap (97).

Additionally, APOE e4 has been found to be significantly associated with risk of T2DM and the
association between T2DM and AD was particularly strong among carriers of the APOE4 allele
(95, 98). A study by Rajan et al, (2017), found a 10% greater risk of mortality with the APOE ¢4
allele (HR = 1.10, 95% CI = 1.04-1.16), and a 20% greater risk of cardiovascular mortality (HR
1.20, 95% CI = 1.07-1.29) than with the £3¢€3 allele. The authors concluded that the APOE &4
allele increased the risk, whereas the APOE €2 allele decreased the risk, of overall mortality and

cardiovascular mortality (91).

In a more recent meta-analysis which combined a large, new case—control study with previous
GWAS:s, 75 independent loci for Alzheimer’s disease and related dementias were identified; 33
had been reported previously, and 42 were found to correspond to new signals (99) . Gene
prioritization in the new loci identified 31 genes that were suggestive of new genetically
associated processes, including the tumour necrosis factor alpha pathway through the linear
ubiquitin chain assembly complex. In addition to APP, the study also identified six highly
plausible prioritized (tier 1) genes (ICA1L, DGKQ, ICA1, DOC2A, WDRS81 and LIMEL1) that
were thought likely to modulate the metabolism of APP (99). A new genetic risk score (GRS)
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associated with the risk of future AD/dementia or progression from mild cognitive impairment
to AD/dementia was also built in the study. The improvement in prediction led to a 1.6- to 1.9-
fold increase in AD risk from the lowest to the highest decile, in addition to effects of age and
the APOE &4 allele (99). Results from this meta-analysis suggested that the risk of conversion to
AD rises with the number of risk alleles from non-APOE risk variants in the Genetic Risk Score
(GRS) by 1.9-fold in population-based cohorts (HR=1.93 (1.75-2.13); and 1.6-fold in Mild
Cognitive Impairment (MCI) cohorts (HR=1.63 (1.42—1.87); on top of effects of age and the
APOE ¢4 allele (99). Further well-powered GWAS studies in specific ethnic groups/ multi-
ancestry populations would likely identify potential new genetic risk factors associated with AD,
improving fine-mapping approaches and developing specific GRSs (GRSs developed with

European-ancestry populations are known to be less effective with other ancestries) (99).

1.8 Cardiovascular Disease, Ethnicity and Dementia Risk

Migration and ethnicity are often closely interrelated and associated with major differences in
environment (moving from one country to another), culture (the core of ethnicity), and some
group-level differences in biology (reflecting ancestry) (100). People that are of Indian Asian
and African Caribbean descent form the UK’s two largest minority ethnic groups (101).
Differences in chronic disabling conditions, such as cardiovascular disease, coronary heart
disease, and diabetes that are possibly associated with perhaps poorer access to medical care or
treatment can lead to earlier onset or faster progression of disability, contributing to substantial
inequalities in disability free life expectancy (DFLE) between ethnic groups. Different ethnic
groups, notably the Indian, Pakistani and Bangladeshi populations, have higher prevalence of
such conditions, which may explain findings of lower DFLE in these groups (102). These
differences have led to inequalities in health that are easily demonstrated by relevant

epidemiological variables such as country of birth, and self-reported ethnicity and race (100).

Risk factor profiles (smoking, hypertension, obesity and lipid levels) have not been shown to be
uniformly high between the different ethnic groups (103, 104). For example, high smoking
prevalence of Bangladeshi men compared to other groups and low physical activity, particularly
low rigorous activity compared to the general population is seen especially in the Asian Indian,

Pakistani and Bangladeshi but also to some extent seen in Chinese women (105). It is thought
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that disparities in socioeconomic position (SEP) may explain much of the higher disability risk
in Bangladeshi and Pakistani individuals (103) but this may not necessarily be true for the Indian
group (101). Despite established health differentials between ethnic groups in the UK, there has
been a lack of research exploring disability rates across British ethnic groups. It is widely known
that Indian Asian people experience higher rates of coronary heart disease than Europeans (106,
107), and both Indian Asian and African Caribbean groups show elevated risk of type 2 diabetes
compared with Europeans (107, 108). Other established risk factors for the development of
disability, such as socioeconomic disadvantage and unhealthy behaviour profiles, are also known
to vary across UK ethnic groups (100). Admittedly, it can be argued that where the inequalities

are sometimes in favour of minorities, at other times the opposite is the case (108).

Factors including racial harassment and discrimination, have also been identified as contributors
to ill health (103). Other possible influences, such as early life- course experiences and
exposures or physiological differences need further research (101). With regard to treatment and
access to care, there is little evidence that these are worse for ethnic minority groups than for
White British and may even be better (103, 108). However, it is generally thought that dementia
is underreported in ethnic minority groups, in the UK (102).

Epidemiological studies have shown that AD and CVD share common risk factors such as
hypertension during and post midlife, diabetes mellitus, apolipoprotein E (ApoE) &4 isoforms,
and hypercholesterolemia. Other environmental and lifestyle risk factors, including alcohol
consumption, lack of physical activity and smoking are all strong risk factors in the development
of dementia and are among the most important modifiable risk factors for AD (51). Risk factors
related to CVD, such as atrial fibrillation and congestive heart failure, have also been linked to
the pathogenesis and progression of AD in multiple ways; not only can these risk factors

predispose an individual to a cognitive decline, they can also potentiate each other (27, 31, 33).

One of the earliest large hospital based discharge studies in 2008, conducted in Tennessee found
that of patient’s over the age of 65 years, 3.6% had a diagnosis of dementia (109). People with a
diagnosis of dementia were more likely to be African American than Caucasian (4.2% vs 3.5%)
and female than male (3.9% vs 3.2%). Dementia was significantly higher (P < 0.001) in black
females (4.2%), followed by black males (4.1%), white females (3.8%) and white males (3.1%).
One third of the dementia patients had diabetes mellitus, coronary heart disease, atrial fibrillation,
and coronary heart failure, and 80% had hypertension. In this study the Black ethnic minority
patients had significantly higher prevalence than white ethnic individuals for hypertension,

diabetes mellitus and stroke, whereas white patients had a significantly higher prevalence of
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CHD. The association between the cardiovascular risk factors and dementia was however found
not to be robust among black males because of their smaller numbers (n = 253) in this study

(109).

Growing evidence shows that cardiovascular health is associated with better brain health. The
10/66 study included longitudinal data of non-dementia residents, at baseline, aged 65+ in six
Latin American countries (n = 6447) followed for up to three years (110). An index of modifiable
cardiovascular health (CVH) factors (ranging from 0 to 14) was used. The sample included 6.2%
participants with poor (0-5), 81.0% with moderate (6-10), and 12.8% with ideal CVH (11-14);
at follow-up, 9.4% had developed dementia and 13.1% had died. The authors reported that
compared with those with poor cardiovascular health, participants with moderate and ideal levels
of cardiovascular health had a significantly lower risk of dementia in both the unadjusted (sub
sHR 0.77 for moderate levels and sHR 0.59 for ideal levels) and adjusted models (moderate, sHR
0.73; ideal, sHR 0.66) (110).

A more recent large systematic review reported higher dementia incidence in African Americans
and Caribbean Hispanic Americans compared to the White ethnic group (111). A systematic
review and meta analysis conducted in 2021, reviewed 12 cohort studies and 7 cross-sectional
studies, (13 US studies and 2 studies each from the UK, Singapore, and Xinjiang Uyghur
Autonomous Region in China). The authors found the pooled risk ratio for dementia incidence
obtained from four studies comparing Black and White ethnic groups was 1.33 (95% CI 1.07—
1.65). The pooled risk ratio for dementia incidence comparing the Asian and White ethnic groups
was 0.86 (95% CI 0.73—1.01) and that there was no difference in the incidence of dementia for

Latino ethnic group compared to the White ethnic group (9).

There is a growing body of evidence, particularly from US based studies, that African Americans
have a greater risk of Alzheimer’s disease compared to the non-Hispanic white population (73,
112, 113). The prevalence of cognitive impairment or Alzheimer’s disease is thought to be two
to three times higher among older African Americans than in older non-Hispanic whites (73,
112, 113) with findings indicating greater prevalence of vascular risk factors and cerebrovascular

disease amongst this ethnic group (114).

Studies of this nature have been scarce, hence our limited understanding of the pathways linking
cardio-vascular risk factors to Alzheimer’s disease across race/ethnicities due to lack of (or
limited) recruitment of African Americans in prospective longitudinal observational studies in

Alzheimer’s disease (114).
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1.8.1 Coronary Heart Disease

South Asians face an increased risk of premature coronary heart disease (CHD), a pattern that
has been widely established and recorded among Indians in urban India, and among South Asian
migrants in other countries (82, 115). The London Life Sciences Prospective Population studied
16,774 Indian Asian and 7032 European participants and found that Indian Asians have a 2-fold
higher prevalence of CHD compared to Europeans, which was evident at all age-groups. The
odds ratio (OR) for CHD was 2.11 (95% C.I. 1.86-2.40, p< 0.001) amongst Indian Asians
compared to Europeans, after adjustment for age, sex and conventional CHD risk factors (116).
Data from the national acute coronary syndrome (ACS) registry linked to mortality (National
Institute of Cardiovascular Outcomes Research/ Myocardial Infarction National Audit Project)
found that South Asians had significantly higher incidence of coronary heart disease compared

with white subjects (HR 1.35 95% CI 1.30 to 1.40) (117).

The likelihood of developing CHD amongst South Asians has been reported to be about 5 times
higher than amongst the Chinese (118-121) and usually premature [1-4] with higher risk of
disability (122). The age-standardized myocardial infarct mortality rates and risk of ischaemic
heart disease have been reported as 2—3 times higher in Indians and Malays (95) than in the

Chinese, this been reinforced from results of at least 25 other studies (95, 123).

Studies from the UK have also demonstrated an apparent excess in CVD mortality among
migrant Indian Asians; CHD and stroke mortality remain at least 50% higher, in some sub-
groups, over twice that of the native white European population. This difference was found to be
exaggerated when CHD mortality was compared between South Asian and British men in their
20s and 30s (116). Conventional risk factors such as hypertension, hypercholesterolemia,
diabetes mellitus, abdominal obesity, metabolic syndrome, and tobacco use have been clearly
associated with CHD risk among South Asian populations (124, 125). Given the consistent
findings of increased prevalence, premature onset, and increased mortality from CHD in South

Asians (81, 126) there has been much interest in determining the underlying causes.
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1.8.2 Diabetes

Type 2 diabetes mellitus (T2DM) and ADRDs, such as AD are common, chronic and debilitating
chronic diseases, of increasing frequency with increasing age. The number of subjects with
diabetes is now estimated to reach 382 million worldwide (127) and there has been growing
interest in the possible links between insulin resistance and AD. It is thought that this might be
mediated by the development of cerebral micro-vascular changes through insulin resistance
resulting in a 1.5-2 fold increase in risk of dementia among elderly with T2DM when compared
to the general population (128). A recent study evaluated patients with recorded hypoglycaemic
events or microvascular complications and found a higher risk of dementia incidence compared
with those without such complications (HR 1.30 [95% CI 1.22—-1.39] and 1.10 [1.06-1.14],
respectively (129).

A systematic reviewed showed that, diabetes was associated with a 60% increased risk of any
dementia in both sexes (women: pooled RR1.62 [95% CI 1.45—-1.80]; men: pooled RR 1.58 [95%
CI1.38-1.81]) (130). A prospective cohort study carried out in 2012 looked at diabetes and poor
glucose control, over a 9-year period. The authors observed an association with a cognitive
decline suggesting that the degree of severity of DM is associated with the speed of cognitive
decline (131). A more recent study in 2022, found that having any cardiovascular comorbidity
was associated with an additional 25% increase of dementia risk in patients with T2DM (95%

CIL: 15%-36%)(4) .

Studies have reported that the reduction in insulin signalling in DM leads to a decrease in the
synthesis of the Insulin degrading enzyme (IDE) which is responsible for metabolizing the
neurotoxic A-beta oligomers, leading to their accumulation in brain cells (27). Prolonged
metabolic stress and pro-inflammatory signalling can lead to decreased cellular responsiveness
to insulin, this pathological state is referred to as insulin resistance and it significantly impairs
the ability of cells to maintain energy homeostasis (98, 132). Interestingly, AD brains present
similar abnormalities, including metabolic stress and neuroinflammation (98, 132). This has led
to the hypothesis that AD might be a neuroendocrine- like disorder, a so-called “type 3 diabetes”
[7] or a “brain-specific T2D” [8].

South Asians living in high income countries have been reported to have an age-standardised
rate of T2DM of about 2 to 4 times higher than white people of European, with these risks being
highest in Bangladeshis (roughly 4 times) and lowest in Indians (about 2 times) (124). The
Southall and Brent Revisited (SABRE) cohort, (133) looked at incident diabetes in 1,354
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Europeans, 839 Indian Asians, 335 African Caribbeans. The age-adjusted subhazard ratios (sHR)
in Indian Asian men and women, respectively, were sHR 2.88, (95%, 2.36-3.53; P <0.001) and
sHR 1.91, (95% CI 1.18-3.10; P = 0.008) and sHR 2.23 (1.64-3.03; P < 0.001) and sHR 2.51
(1.63-3.87; P < 0.001) in African Caribbeans compared with Europeans (133). In addition,
studies have found that South Asian ethnic groups living in Europe have younger age at diagnosis
of T2DM (mean age 47.9 years compared to 57.3 years in Europeans) and, similarly, a younger
onset of their first cardiovascular event (53.0 years compared to 58.8 years in Europeans) (134).
It has been suggested that differences in the overall truncal fat may contribute to the excess of

diabetes in South Asian and African Caribbean groups, particularly in women (135).

Despite reports of increasing rates of diabetes in Africa, there is a significant disparity in
prevalence rates for T2DM, obesity, and impaired glucose tolerance in black ethnic minority
groups living in the United States and United Kingdom, compared with Africans living in their
native countries. Black ethnic populations in the United States and United Kingdom have a
prevalence rate for T2DM of 12% vs 0.5% to 2.3% in most African countries. These disparities
are thought to be due to an increased BMI in the former group, found to be closely correlated to

increasing rates of T2DM (136).

1.8.3 Stroke and Cerebrovascular Disease

One of the most disabling consequences of cerebrovascular disease and stroke is cognitive
impairment. Vascular dementia is a term used to describe a dementia syndrome resulting from
complex interactions between a variety of metabolic and other vascular risk factors, cerebral
infarcts or, haemorrhages and micro-vascular white matter lesions and brain atrophy (137). Prior
studies have established that long-term cognitive and functional deficits are the greatest burdens
of stroke (138, 139). A diagnosis of dementia, traditionally, in a patient with a history of
cerebrovascular disease was thought to be defined as vascular dementia. However, the majority of
dementia cases in the elderly are of mixed pathologies and ‘pure’ vascular dementia is extremely
rare(137). Dementia occurs in approximately one-third of stroke patients, and it has been reported
that baseline stroke doubles the risk of dementia compared to age- and sex-matched controls

(140-142).

From pooled data, there is a ninefold excess risk of dementia in the first year after stroke and

fourfold excess risk thereafter (143). Incident stroke has been shown to reduce long-term

34



cognitive function regardless of race-ethnicity (144, 145) and a large proportion of individuals
who have experienced stroke, are known to suffer to some degree of cognitive impairment with
approximately 30% eventually developing dementia (146, 147). Kuller et al (2005) reported that
44% of incident dementia cases in those above 65 years, had vascular disease. Stroke has been

consistently found to be associated with a higher dementia risk (68, 148, 149).

Rates of stroke have also been reported to remain elevated in both ethnic minority groups and
more markedly so in people with diabetes in midlife, being 2.0 times greater in African
Caribbean’s and 1.7 times greater in South Asians compared with Europeans with diabetes (135).
Stroke appears to be a strong risk factor for dementia (OR 8.5), especially when mediated

through hypertension (OR 1.9) (109).

The severity and greater overall burden of vascular risk factors among South Asians likely
accounts for the greater incidence and severity of vascular events, such as stroke. Previous
studies have shown that South Asians experience stroke at younger ages (150) and mortality after
stroke has been found to be 67% higher in South Asians with diabetes [6]. In addition, ischemic
stroke mortality has been 1.5 times higher in South Asians compared to other Asian groups in
the UK (151, 152). In addition to higher stroke mortality, South Asians are also at a greater risk
for cognitive impairment and vascular dementia compared to their Western counterparts (146).
The burden of VD is likely to increase as a result of the continuing rise in both incidence and
prevalence of vascular risk factors, such as hypertension, diabetes, dyslipidaemia, obesity and
metabolic syndrome and this trend is particularly notable amongst the Indian ethnic populations

(146).

Studies have shown that the black ethnic group have higher incidence of diagnosed dementia
poststroke compared with the white ethnic group (153). A US- based study using inpatient
records of hospitalised patients that were diagnosed with ischemic or haemorrhagic stroke during
admission found that relative to whites, African-Americans had higher odds of AD (OR 1.25,
95% CI 1.18-1.32) and VD (OR 1.51, 95% CI 1.40-1.64) (154).

The Reasons for Geographic and Racial Differences in Stroke (REGARDS) study assessed the
risk of stroke in black and white individuals, aged 45 years and older who were recruited between
2003 and 2007 and followed up through 2011. The authors showed that a 10—mm Hg difference
in Systolic Blood Pressure was associated with an 8% (95% CI, 0%-16%) increase in stroke risk
for whites, but a 24% (95% CI, 14%-35%) increase for black ethnic minority groups (P value for
interaction,0.02) (155).

35



Similarly, atrial fibrillation (AF) has also been shown to increase the risk for dementia (156-158).
AF is a known cause of embolic stroke and, therefore, the relationship between AF and dementia

may be driven by stroke.

1.8.4 Hypertension

An abundant number of studies have shown that hypertension in midlife is associated with a higher
risk for dementia in later life (159, 160). Significantly higher mean blood pressure levels amongst
both Afro-Caribbean populations and South-Asian men, have been reported in several UK

population- based studies (161).

A UK cohort study consisting of 1375 European and 1074 South Asian men, looked into any
ethnic differences in associations between blood pressure and stroke in South Asian and
European men, not receiving antihypertensive medication, aged 40 to 69 years at baseline. (162).
Associations between systolic BP (SBP) or diastolic BP (DSP) and stroke were found to be
stronger in South Asians than Europeans, after adjustment for age, smoking status, waist/hip
ratio, total/high-density lipoprotein-cholesterol ratio, diabetes mellitus, fasting glucose, physical
activity, and heart rate (systolic BP: Europeans [OR 1.22, 95% CI 0.98-1.51], South Asians [OR
1.56, 95% CI 1.24-1.95]; ethnic difference P=0.04; diastolic BP: Europeans [OR 0.90, 95% CI
0.71-1.13], South Asians [OR 1.68, 95% CI 1.32-2.15]; P<0.001) (162). The study concluded
that stroke risk differed by ethnicity, and that SBP, DBP, and mean arterial pressure (MAP) were
more strongly associated with stroke in South Asians than Europeans (162). The authors also
reported that the combination of hyperglycaemia and hypertension appeared particularly
detrimental for the South Asian ethnic group, demonstrating marked ethnic differences in

associations between blood pressure parameters and stroke (162).

Onset of hypertension has been reported as occurring at an earlier age in Afro-Caribbeans and
those of African descent (161, 163). One study found hypertension (>160/95mmHg or taking
antihypertensives) was greater in both Afro-Caribbean men (31%) and women (34%) (both P <
0.001), compared with Caucasians (19% and 13% respectively) (161). After adjustment for age,
body mass index, smoking, and weekly alcohol intake, the odds ratios (95% CI) for being
hypertensive were [OR 1.56, (95% CI 1.14-2.13; P =0.005)] and [OR 2.40, (95%CI 1.51- 3.81;
P =0.0002)] for Afro-Caribbean men and women, respectively and [OR 1.31, (95%CI 0.88-
1.97; P = 0.19)] for South-Asian men, compared with Caucasians (161).
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The Honolulu Aging Study found that high blood pressure in middle age increases the risk of
dementia in older age, particularly among men that have never been treated with antihypertensive
medication. Further post-mortem analysis conducted as part of the study concluded that high
blood pressure is directly related to brain atrophy and accumulation of neurofibrillary tangles
and neurotic plaques (160). Other studies have also suggested that antihypertensive treatments could
reduce the risk of dementia (164-166). Interestingly, a US population-based study of older old adults
(the 90+ study) found that participants with a hypertension age of onset between 80 and 89 had a
lower risk for dementia, compared to those without hypertension (167).  Similarly, another
prospective cohort study in Washington on 2,356 participants found that high systolic blood pressure

was associated with greater risk for dementia in those below 75, but not in older subjects (168).

A retrospective cohort study in 2017 using the National Insurance Research Database of about 10,000
patients with diabetes and 50,000 age and sex matched non-diabetic patients found that dementia risk
was higher in diabetics and the risk did not significantly increase in the presence of hypertension and
hyperlipidemia. However, in the non-diabetic cohort, patients who had both hypertension and
hyperlipidemia had a higher risk of dementia compared to those without (169), shedding further light
on the complexity of vascular risk factors and their interactions. A prospective cohort study of diverse
US communities, ARIC (Atherosclerosis Risk in 29 communities), revealed that the risk of dementia
was highest among individuals with hypertension, diabetes and who were of black race, smokers,

APOEge4 allele carriers and with a lower educational attainment (141).

1.8.5 Cholesterol/Lipid Profiles

Elevated cholesterol levels during mid-life have been reported to be associated with an increased risk
for dementia (170, 171). A meta- analysis that investigated the relationship between total levels of
cholesterol and risk for dementia in 18 prospective studies, found that only mid-life total cholesterol
level was related to dementia risk; and there was no risk observed when examining late-life total
cholesterol (172). Similarly, a Finnish population-based study reported that mid-life elevated
cholesterol level (= 6.5 mmol/L) was a significant risk for MCI, which consequently might convert
to dementia, even after adjusting for possible confounders (173). The Norwegian Counties study
(NCS) included approximately 5,000 participants with a follow up of 35 years, and also found an
association between increased total cholesterol level (> 7.8 mmol/L) and risk of dying from or with

dementia in later life, even after adjusting for all other vascular risk factors (174). Additionally, there
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have been several reports suggesting that there is no association between hypercholesterolemia and

cognitive decline or dementia (175, 176).

Few studies have investigated the effect of statin use on dementia risk and confounding results have
been observed. A meta-analysis of prospective cohort studies reported that there was a reduced risk
of dementia among statin users (177), while results from an earlier pooled analysis by Zhou et al
(2007) was unsuccessful in detecting any association between statins and incidence of dementia. The
Prospective Study of Pravastatin in the Elderly at Risk (PROSPER) involved 5,804 participants
aged 70-82 years with a risk of vascular disease, who were randomly allocated to receive 40 mg
pravastatin daily or a placebo. No difference in cognitive decline in any of the cognitive domains
were found in subjects treated with pravastatin compared to placebo (all p > 0.05) after a mean

follow-up period of 42 months, (178, 179).

It has been widely reported that South Asian ethnic groups have a high prevalence of coronary heart
disease (CHD) and suffer from early-onset CHD compared to other ethnic group (180). Conventional
risk factors may not fully explain this increased CHD risk in this population and it is suggested that
the South Asian ethnic group have a unique lipid profile which may predispose them to premature
CHD (180). The Study of Health Assessment and Risk in Ethnic Groups assessed cardiovascular
risk factors among 985 participants of South Asian, Chinese, and European descent living in
Canada. The authors reported that the South Asian ethnic group had an increased prevalence of
glucose intolerance, higher total cholesterol, low-density lipoprotein cholesterol C (LDL-C) and
triglyceride levels, and lower levels of high-density lipoprotein cholesterol (HDL-C) compared
with the Caucasian ethnic group (81). Dyslipidemia appeared to be the strongest contributor of
acute myocardial infarction in South Asians, with a population attributable risk of 49.2% (126)
and appears to be an important determinant of increased CHD burden in South Asians (81). HDL
particles have been reported to appear to be smaller and “dysfunctional”, and proatherogenic in
South Asians (81) and together with elevated LDL-C levels it is thought to contribute to excess
CHD risk in the South Asian population (126, 181).
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1.8.6 Heart Failure

Heart failure is an epidemic disease which affects about 1% to 2% of the population worldwide
following cardiac injury (182). Heart failure is routinely described as a typical cardiovascular
syndrome of aging that results from common cardiovascular conditions in older adults in
conjunction with age-associated changes in cardiovascular structure and function (182, 183). The
American College of Cardiology/American Heart Association guidelines define HF as a
“complex clinical syndrome that can result from any structural or functional cardiac disorder that
impairs the ability of the ventricle to fill or eject blood (183).” To a large extent, heart failure is
a geriatric syndrome in much the same way that dementia, falls, and frailty are geriatric
syndromes (183). Cognitive impairment is common in HF syndromes with estimates of its
prevalence varying between 25% and 75% (184, 185). Strokes are more likely in the setting of
HF due to the hypercoagulability state of the blood, in addition to endothelial dysfunction,
inflammatory activation, and malfunctioning of cerebral autoregulation along with a higher
incidence of atrial fibrillation (186). Heart failure is implicated in nearly 10% of all strokes and

can lead to cognitive decline (186).

A cross-sectional survey on an Italian community sample and as well as other clinical studies
have shown that older age, lower left ventricular fraction and chronic heart failure are related to
poorer cognitive performance (187). Data from a meta-analysis of four prospective cohorts (n =
2513 participants) have also suggested a more severe cognitive decline in patients with diagnosed
heart failure when compared with non-heart failure patients over the longer term (188). In case
control studies describing those with and without heart failure (n = four papers, 1414
participants) the odds ratio for cognitive impairment in the heart failure population was found to
be 1.67 (95% CI 1.15-2.42). The fore-mentioned meta-analysis found that the prevalence of
cognitive impairment in heart failure cohorts (n = 26 studies, 4176 participants) was 43% (95%

CI 30-55) (188).

African-Americans have been reported to have a much higher incidence of heart failure than any
other ethnic group with disease development at a younger age (189). Data from the Multiethnic
Study of Atherosclerosis have shown that HF incidence is highest among African American
individuals, followed by Hispanic American, white American, and Chinese American
individuals (incidence rates 4.6, 3.5, 2.4, and 1.0 per 1000 person-years, respectively) (190, 191).
In another study among, 5115 black minority and white patients, of both sexes, aged 18 to 30

years of age, the cumulative incidence of heart failure before the age of 50 years was reported as
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1.1% (95% CI, 0.6 to 1.7) in black women, 0.9% (95% CI, 0.5 to 1.4) in black men, 0.08% (95%
CI, 0.0 to 0.5) in white women, and 0% (95% CI, 0 to 0.4) in white men (P =0.001) (189).

A more recent meta-analysis conducted in 2020 showed a positive association between HF and
risk of all-cause dementia (OR/RR =1.28, 95% CI 1.15 to 1.43, 1 =70.0%, P <0.001) but found
no significant association between HF and risk of Alzheimer's disease (AD) (OR/RR = 1.38,
95% CI10.90 to 2.13, I = 74.8%, P = 0.008) (192).

The haemodynamic effects of the HF state on higher cerebral function continue to remain poorly
understood (186). A number of neurological comorbidities including stroke, depression,
cognitive decline, and autonomic dysfunction that can arise in a setting of HF, despite being
common, remain difficult to manage and prevent, greater work is therefore required to

understand the pathophysiology involved (193, 194).

1.9 Lifestyle and other risk factors

1.9.1 Smoking

Smoking is an independent predictor of cardiovascular morbidity and mortality as well as of the
development of cerebral perfusional decline and white matter lesions (195). Several systematic
reviews and meta-analyses that have evaluated the risk of dementia in relation to smoking reported
an increased risk for dementia among smokers (196-199). The Rotterdam study showed that the risk
of dementia doubles in smokers, with a genotype-dependent effect, and significance only noted in

non-carriers of the APOEge4 allele — the major genetic determinant of AD (77, 200).

A meta-analysis involving thirty-seven studies, comparing never smokers with current smokers,
showed an increased risk of all dementias (risk ratio (RR) 1.30, 95% confidence interval (CI)
1.18-1.45), AD [RR1.40, (95% CI 1.13—-1.73)] and Vascular Dementia [RR1.38, (95% CI 1.15—
1.66)] (201), among smokers. For all dementias, the risk increased by 34% for every 20 cigarettes
per day [RR1.34, (95% CI 1.25-1.43)](201). Smoking is a known risk factor for cardiovascular
and cerebrovascular disease, stroke, silent infarction, increased oxidative stress, atherosclerosis
and inflammation all of which may impact negatively on cognitive functioning and dementia

(202, 203).
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1.9.2 Alcohol

There is a degree of uncertainty in relation to the effect of alcohol consumption on the incidence
of dementia and cognitive decline, with several studies suggesting that excessive alcohol
consumption increases the risk of dementia (204, 205) and that there may be a dose dependent
relationship, particularly with vascular dementia (206). Of note, the PAQID (Personnes Agess Quid)
study, one of the first studies to look into this relationship in 1997, reported that the risk of dementia
was actually reduced by 5.3 in mild drinkers, compared to none drinkers (207).

A systematic overview (208), found that light to moderate drinking may, indeed, decrease the
risk of Alzheimer's disease (AD) [pooled risk ratio [RR] 0.72; (95% CI 0.61-0.86)] and dementia
(RR 0.74; 95%CI1 0.61-0.91) but this effect disappeared in heavy to excessive drinking (RR 0.92;
95%CI 0.59-1.45 and RR 1.04; 95% CI 0.69-1.56, respectively). This has also been reflected in
other studies which have reported a beneficial effect of moderate drinking on dementia risk (209-
211). The Copenhagen City heart study also found a beneficial association in individuals with
monthly and weekly intake of wine, compared to individuals who never or hardly drink (212).
Further reviews and meta-analyses conducted looking into this association have suggested that
the different findings found between various studies should be interpreted with caution, to
account for varying methodologies and the lack of standardized definitions for alcohol

consumption (213).

The Birmingham Factory Screen INTERSALT volunteer’s study comprised of a cohort of 2169
(76%) Caucasians (71% men); 453 (16%) Afro-Caribbean (60% men); and 231 (8%) South-
Asian men, from the 1970s and 80s. They found that Caucasian men of all ages, except those
aged 60 years and older, drank more units of alcohol per week on average than South-Asian men.
The mean weekly alcohol consumption was reported similar in Caucasian and Afro-Caribbean
men with only Caucasian men aged 60 years and older who drank more units of alcohol per week

on average than Afro-Caribbean men (161).

Defining the relatively complex role of modifiable risk factors, such as smoking and alcohol
consumption, on dementia risk still remains a scientific challenge. Evaluating the effect of each of
these variables independently may not be appropriate as many of them interact with each other. The
main question remains whether each of those modifiable risk factors solely predisposes individuals
to dementia or whether an individual’s susceptibility to disease results from the confounding effect

of several or all of the interlinked covariates.
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1.9.3 Obesity & Body Mass Index (BMI)

Globally, the prevalence of obesity has doubled in the last two decades. In 2008, more than 1.6
billion adults over 20 years were overweight. Of these, over 200 million men and nearly 300
million women were obese [6—8]. About 44% of the diabetes burden and 23% of the CVD burden
is attributable to overweight and obesity [7, 9—13].

Several reviews have suggested that increasing BMI is independently associated with a higher risk
for dementia, even after adjusting for common confounders such as smoking, age and medical
comorbidities (214-216). An age and gender-dependent effect was observed in a study by Gustafson
et al (2003) with 18-year follow -up of overweight individuals. The authors reported that being
overweight in older age and in mid-life is a risk factor for dementia and is more significant in women
(217). However other studies have shown that this observed increase in dementia risk was not
statistically significant and that further studies were needed to clearly validate the relationship

between dementia and obesity, independent of other confounders (25).

A population based prospective Mayo clinic study on aging in 2017, emphasized the importance of
detecting changes in weight from mid-life to late life potentially serving as a marker for identifying
individuals with increased risk for mild cognitive impairment (MCI) and dementia (218). A
longitudinal study conducted by the Louisiana State University Hospital on about 45,000 patients
from 30 to 96 years old, found that a higher BMI at baseline was associated with lower risk of
dementia amongst diabetic patients and that this relationship was stronger in African Americans
(219). Similarly, a recent prospective longitudinal cohort by Bell et al (2017) showed that a higher
BMI in later life decreases the risk of incident MCI and AD (220) and furthermore a recent CPRD-
based retrospective study on 2 million patients revealed that being underweight in middle and old

age actually increases the risk of dementia over two decades (221).

Interestingly, a meta-analysis of the risk of overweight/obesity in mid-life and late life for the
development of dementia concluded that below the age of 65 years there was a positive
association on incident dementia with a risk ratio (RR) 1.41 (95% confidence interval, CI: 1.20—

1.66) but the opposite was seen in those aged 65 and over, RR 0.83 (95% CI: 0.74-0.94) (222).

Obesity in South Asians is mostly abdominal (intra-abdominal and truncal subcutaneous
adiposity) than white Caucasians, with greater accumulation of fat at “ectopic” sites, namely in
the liver and skeletal muscles, which is thought to lead to exacerbated insulin resistance (223).
South Asians have been observed to exhibit higher indicators of cardio-metabolic risk relative to

white populations, despite lower body weight according to body mass index (BMI); this has been
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termed the “South Asian” or “Asian Indian phenotype”(224, 225). The World Health
Organization has recommended different BMI cut-off points for overweight (23 kg/m?) and
obesity (25 kg/m?) in subjects of Asian origin (226) as a result of this. Maintaining a physically
active lifestyle has proven to mediate positive health outcomes, including benefits to cognitive
function(33), in contrast to sedentary behaviour which has been shown to increase the risk of

chronic diseases, such as dementia and cardiovascular disease (227).

1.9.4 Diet

Dietary patterns and some dietary components have been linked with dementia and cognitive
impairment (228, 229). It is evident that nutrition has a beneficial effect on brain function and
that it is stronger for healthy dietary patterns, most likely due to the synergistic effect of several
bioactive components affecting many physiological processes and signalling pathways

underlying cognitive function and decline (230).

Current evidence of dietary patterns points to the Mediterranean diet as a promising protective
factor or any diets high in n-3 polyunsaturated fatty acids (PUFA) or vegetables (231). A primary
prevention trial found that participants on the Mediterranean diet had decreased risk of
cardiovascular disease events, compared to participants on a low-fat control diet (232) and that
Western meat-based diets have been associated with greater inflammatory indices, while
vegetable and fruit-based diets have been associated with decreased inflammation. In addition,
there is emerging evidence of intriguing links between gut microbiome dysbiosis,
neuroinflammation, and neurodegeneration (233, 234). It has been hypothesised that if the
microbiome can affect the gut-brain axis then diet induced changes in the gut microbiota, through
plant based or Mediterranean diets in conjunction with higher consumption of fibre, polyphenols,
and probiotics in turn could affect the development of cognitive impairment (230). Similarly,
microbiome speciation and metabolism are thought to influence the cognitive response to dietary

change and may emerge as a tractable target for interventions (230).

A recent meta-analysis identified the following foods to decrease the risk of dementia,
unsaturated fatty acids (RR:0.84, 95 % CI: [0.74-0.95], P=0.006), antioxidants (RR:0.87, 95 %
CI: [0.77-0.98], P=0.026), vitamin B12 (RR: 0.72,95 % CI: [0.54—0.96], P=0.026), and the
Mediterranean diet (RR: 0.69, 95 % CI: [0.57-0.84], P<0.001 (228).
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Another major challenge facing the ageing brain is a chronic deficit in brain glucose uptake. It
has been reported that cognitively healthy older adults have about 7-8% lower brain glucose
uptake than younger adults, a decline heightened in mild cognitive impairment (the prodromal
phase of Alzheimer’s disease) and even more so in Alzheimer’s disease itself (235). Low brain
glucose could be a consequence of the dementia disease process, however two aspects of the
declining glucose uptake, brain cell loss, cognitive decline continuum suggest that this
interpretation should be reconsidered (230) . It is known that brain glucose uptake is already
lower in those at risk of Alzheimer’s disease (in those that are older age but still cognitively
normal, carriers of the presenilin mutation or APOE4, or type 2 diabetes) but prior to their
cognition decline (236). Glucose supplies about 95% of the brain’s fuel under normal
circumstances. When dietary carbohydrate or total dietary energy is limited, it is effectively
replaced by ketones (B-hydroxybutyrate and acetoacetate) (230, 235) and the brain of someone
with mild cognitive impairment or Alzheimer’s disease uses ketones in direct proportion to the
increased ketones provided by the circulation, thereby sparing brain glucose use (230,237, 238).
Recent experimental clinical studies have shown that brain energy rescue with ketones is
associated with improved cognitive outcomes in both mild cognitive impairment and
Alzheimer’s disease. In these studies a very low carbohydrate (ketogenic) diet (238-240)or 20-
30 g/day of ketogenic medium chain triglyceride supplement was used (230).

One study that looked at dietary intake in midlife and risk of dementia in later life. The study
included 525 randomly selected subjects from population-based cohorts surveyed at midlife, and
a total of 385 (73%) subjects were re-examined 14 years later. A healthy-diet index (range 0-
17) was constructed using healthy and unhealthy dietary components. The results from this study
showed that those with a healthy diet (healthy-diet index >8 points) had a decreased risk of
dementia [OR 0.12, (95% CI 0.02-0.85)] and AD [OR 0.08, (95% C10.01-0.89)] compared with
persons with an unhealthy diet (0-8 points), adjusting for several possible confounders (229).
The authors concluded that a healthy diet at midlife is associated with a decreased risk of
dementia/AD in late life, highlighting the importance of dietary patterns as effective measures

for dementia/AD prevention or postponement possible (229).

Unhealthy diets are significant risk factors in CHD and the type of food, and its preparation might
matter (241, 242). In the last several decades, other ethnic diets which include the use of ghee
has been implicated in the increased prevalence of CHD in Asian Indians due to its content of

saturated fatty acids and cholesterol and, in heated ghee, cholesterol oxidation products (243).
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However, the evidence remains inconsistent and not conclusively linked with CHD (244) and a
predisposition to dementia in later life. Although a considerable percentage of South Asian
ethnic minorities are vegetarians, excess sugars and refined carbohydrates remain problematic
for this population (81). For example, India is among the largest consumers of sugar in the world.
A diet rich in sugar and processed carbohydrates may be a considerable threat to the future health

in addition to an increasingly sedentary lifestyle (81).

Nutritional deficiencies are thought to play a prominent in the pathogenesis of dementia.
Hyperhomocysteinaemia is a major risk factor for infarcts, including stroke. Deficiencies in
vitamin B2 and folic acid result in increased homocysteine, and studies performed in India found
that vitamin B> deficiency and hyperhomocysteinaemia are associated with vascular risk factors
in individuals with coronary artery disease (245, 246). In another study, higher plasma
homocysteine levels were associated with a higher risk of dementia (246, 247). Malnutrition,
characterized by insufficient caloric intake, weight loss, deterioration of muscle mass, and poor
appetite, is a frequent problem among older adults and has been associated with more severe

symptoms of dementia (248).

Nutritional status may be a modifiable factor in the progression of dementia and therefore there
is a greater need to further our understanding of the dietary effects in different ethnic groups
through specific studies in these populations. Assessment of malnutrition and specific diets may

be useful in predicting rates of progression in dementia and may provide a target for clinical
intervention. Unfortunately, it was not possible to obtain dietary information from the CPRD

database and this covariate was not analysed in this study.

1.9.5 Physical Activity

Several systematic reviews and randomized controlled trials (RCTs) have illustrated the
importance of physical activity as a protective factor in the development of dementia (249, 250).
A recent systematic review examined the association between different physical activity
frequencies and cognitive function for over 100,000 individuals, from 20 different countries.
Results showed a dose response association, where individuals who exercised at least once a

week were positively associated with cognitive function, compared to individuals who did not
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exercise (B coefficients reported for: moderate intensity physical activity: 0.52-0.75, and
vigorous intensity physical activity: 0.26-0.33) (249). A systematic review of
nonpharmacological RCTs for community-dwelling individuals with dementia, also showed that
all six RCTs that examined physical activity, reported statistically significant improvement in
functional ability among those in the physical activity intervention groups (251). Furthermore a
meta-analysis showed that among older adults with dementia, physical activity interventions

improved general psychological well-being across a variety of neuropsychiatric symptoms (252).

The Whitehall II cohort study examined the effect of physical activity on cognitive decline and
dementia, over a period of 27 years. The authors reported no association between physical
activity, cognitive decline and risk of dementia, in their mixed effects models between physical
activity and subsequent 15-year cognitive decline. The authors suggested that previous studies
reporting a protective association of physical activity may be due to reversible causation,
whereby individuals in the preclinical stages of dementia had lower physical activity levels (250).
More recently it was reported that fitness level, independent of physical activity, is associated
with greater cerebral blood flow in regions that are known to decline with age and AD for female
(p=0.011), but not in male participants (253). A more recent meta-analysis of 13 randomized
controlled trials with a sample size of 673 subjects diagnosed with AD, showed statistically
significant improvements in cognition measured by the MMSE score (SMD = 1.12
CI:0.66~1.59) when subjects were assigned to the intervention groups when compared to the
control groups (254). In this study subgroup analyses also showed different amounts of physical

activity and exercise can generate different effects (254).

Whilst physical activity is an important lifestyle factor and is now recognised as one of the
modifiable risk factors in the development of dementia (14, 255, 256), a lack of consistent
recording of physical health activity in CPRD has unfortunately meant that this risk factor is
unable to be further analysed in this study.
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1.9.6 Cognitive Reserve & Education

Repeated observations have suggested that high education protects an individual from
developing dementia which has led to the concept of brain/cognitive reserve (257). Cognitive
reserve is a term used to reflect why those with higher 1Q, education, occupational attainment,
or participation in leisure and physical activities evidence less severe clinical or cognitive
changes in the presence of age-related or Alzheimer’s disease pathology (258). The population

attributable fraction of education for dementia prevention is estimated at about 20% (259).

Results from a recent meta-analysis suggested that <68 years of education (RR=1.58) showed
a greater risk than <10-16 years of education (RR=1.35), indicating a potential dose—response
relation between low education and AD risk (260). Cognitive reserve may allow for more
flexibility in approach, an ability thought to be measured by executive functions tasks.
Importantly, cognitive reserve is not a static phenomenon but continues to evolve across the
lifespan (258). It is therefore conceivable that cognitive reserve interventions may be a key non-
pharmacological approach to preventing this disease. Of interest, up to 30% of subjects who were
cognitively normal in life are found at autopsy to have a pathological profile, typically dominated

by amyloid plaques, consistent with a diagnosis of Alzheimer's disease (261).
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Table 1 Summary of the reviewed studies looking at Cardiovascular Disease Risk Factors and Ethnicity.

Study Number of participants | Agein | Primary Summary of main findings
by ethnicity Years | Outcome
Measure
Bibbins-Domingo, K., etal | 5115 black and white 18 -30 Incident HF | Cumulative incidence of heart failure before the
(189) participants and of both age of 50 years was
sexes 1.1% (95% CI, 0.6 to 1.7) in black women,
0.9% (95% CI, 0.5 to 1.4) in black men,
0.08% (95% CI, 0.0 to 0.5) in white women
0.2% (95% CI, 0 to 0.4) in white men (P = 0.001)
Lane, D., et al (161) 632 Europeans 58-88 Hypertension | After covariate adjustment, compared with
Birmingham Factory Screen | 476 South Asians Caucasians
project, the Birmingham 181 Black Caribbean odds ratios (95% CI) for being hypertensive were
components of the 1.56 (1.14 to 2.13; P = 0.005) Afro-Caribbean men
INTERSALT 2.40 (1.51 to 3.81; P =10.0002) Afro-Caribbean
women,
1.31 (0.88 to 1.97; P =0.19) South-Asian men
Zaman, M.J., etal (117) 111 555 South Asians CHD South Asians had higher incidence of coronary
National acute coronary 197 923 white subjects heart disease compared with white subjects (HR
syndrome (ACS ) Cohort. 1.3595% CI 1.30 to 1.40)
Chahal, N.S., et al (116). 16774 Indian Asians (IA) | Mean CHD Indian Asians have a 2-fold higher prevalence of
London Life Sciences 7032 Europeans (E) 505 1A CHD compared to Europeans. Multivariate
Prospective Population 523E regression analysis, the odds ratio (OR) for CHD
(LOLIPOP) Study. was 2.11 (95% C.1. 1.86-2.40, p, 0.001) amongst
Indian Asians compared to Europeans.
Howard, G., et al (155). The | 27 748 black and white | 45> Stroke The study showed that a 10—-mm Hg difference in

Reasons for Geographic and
Racial Differences in Stroke
(REGARDS) study.

participants

Systolic Blood Pressure was associated with an 8%
(95% CI, 0%-16%) increase in stroke risk for
whites, but a 24%(95% CI, 14%-35%) increase for
black ethnic groups (P value for interaction,0.02)
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Tillen,T. et al (133). 1,354 Europeans, 40-69 Incident Compared with Europeans, age-adjusted subhazard
The Southall And Brent 839 Indian Asians, Diabetes ratios (SHRs [95% CI]) for men and women,
Revisited (SABRE) cohort | 335 African Caribbean. respectively, were
2.88 (95%, 2.36-3.53; P <0.001) and
1.91 (1.18-3.10; P = 0.008) in Indian Asians, and
2.23 (1.64-3.03; P <0.001) and 2.51 (1.63-3.87; P
< (0.001) in African Caribbeans.
Farmaki, A.E., et al (262). 500,000 participants 40-69 Diabetes Type 2 diabetes prevalence was almost fivefold
UK Biobank, populations South Asians (SA) prevalence higher in SA (18%), and threefold higher in AC
based cohort study African Caribbeans (AC) (13%), than in Europeans (4%)
Singh V., et al (146) 25,495 participants >65Syears | Ischaemic SA participants with diabetes, were 20% higher
Population-based health care | 840 South Asians stroke incidence and cumulative risk of recurrent stroke
databases in Ontario, and were younger in age. Recurrent stroke rate was
Canada increased among South Asians compared to non-
South Asians (HR 1.17 [95% CI 1.00—1.38]).
Murray, M. D. et al (154) 1,170,051 participants Incident Relative to whites, African-Americans had higher

National Inpatient Sample-
US.

dementia in
patients with
a stroke.

odds of AD (OR 1.25, 95% CI 1.18-1.32) and VaD
(OR 1.51, 95% CI 1.40-1.64). Similarly, Hispanics
had increased odds of AD (OR 1.40, 95% CI 1.30-
1.50).
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1.9 Literature Review: Ethnicity and Dementia risk

This section of chapter 1 presents the key UK based studies and other larger studies looking into
the relationship between dementia and ethnicity, summarizing studies on: 1) the incidence of
dementia amongst different ethnic populations and 2) the incidence of dementia in the presence
of comorbidities and other risk factors for dementia. A comprehensive search was conducted
using OVID MEDLINE and PubMed on published literature on the relationship of Dementia,
Ethnicity and cardiovascular disease risk up until February 2022. Initially, keywords used were
Dementia and Ethnicity. However, due to the paucity of literature on this topic, and despite the
review being inclusive of all types of studies published on this association the search was
expanded to include cardiovascular disease and risk of Dementia, in order to identify further

studies that may have included data from different ethnic minorities.

The epidemiological evidence on dementia has been slowly growing for the last 40 years, and
ethnic variations in dementia rates have been reported worldwide. Understanding these
differences is vital for aetiological research, the delivery of better clinical care and vital for health
service planning. Although age, sex and a variety of other modifiable and non-modifiable factors
have been consistently implicated in the development of dementia, the epidemiology and
putative biological mechanisms underpinning interethnic variation remain unclear (31). A
number of population-based studies suggest that the AT[N] pathological AD signature and
vascular pathologies underlie a substantial proportion of dementias, and there is an overlap
between risk factors for vascular disease and dementia, including a substantial proportion of
dementia that might be delayed or averted if modifiable risk factors are effectively addressed

(263).

It is well established that the prevalence of cardiovascular disease amongst South Asians and
Black minorities is extremely high, when compared to the white ethnic populations. Ethnic
differences in vascular risk factors are thought to be a possible contributor in the development
of dementia and AD. There are however only a handful of small-scale studies conducted in the
UK looking at the effects of ethnicity on the development of dementia and the association of
cardiovascular risk factors. Theories that continue to emerge suggest that ethnic differences in
cardiovascular and metabolic risk factors, such as hypertension and diabetes are thought to
contribute to the development of dementia (10-13), but there are no large-scale studies evaluating
this association in the UK, especially in diverse ethnicities. Studies however have reported that

people from black and Asian groups were younger at dementia diagnosis and had lower MMSE
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scores than those individuals from the white ethnic groups (264). A few previous studies have
demonstrated overall there to be a higher prevalence of dementia in black ethnic minorities and

were found to be of a younger in age of onset (265, 266).

One of the earliest studies conducted by Bhatnagar and Frank (1997) in Bradford UK, amongst
the Indian population, reported a dementia prevalence rate of 4% by ‘psychiatric diagnosis’ and
7% by cognitive function instrument (12). A pilot study in 2000, recruited 45 African Caribbean
and 45 age and gender matched white community residents by household enumeration of an
inner London electoral ward (10). The study found 34% of African Caribbean and 4% of white
patients were rated as demented, the authors however found that these differences were not
accounted for by their lower educational and occupational attainment, or their higher frequency
of cardiovascular risk factors. Another study looked at a total of 218 people of African—
Caribbean country of birth and 218 White UK-born people aged >60 years from five general
practices in North London (11). Those with dementia were found to be nearly 8 years younger
than their White counterparts. The prevalence of dementia was significantly higher in the
African—Caribbean (9.6%) than the White group (6.9%) even after controlling for age and
socioeconomic status (OR 3.1, (95% CI 1.3-7.3, P =0.012)] (11).

Another study in 2015, looked at the referrals to an inner-city London memory service to explore
any differences in referral rates, cognitive assessments and stages of dementia at presentation
between ethnic groups (266). The study found that African-Caribbean patients were well
represented in the memory service but that they too were diagnosed with dementia on average
4.5 years younger than their White British counterparts and were more likely to be diagnosed
with a vascular or mixed type dementia. The authors found that initial cognitive testing was
significantly lower in the African-Caribbean group, possibly representing more advanced disease

at presentation (266).

A UK based study conducted in 2018, looking at dementia diagnosis incidence using The Health
Improvement Network data, found that people from the black ethnic group had a higher
incidence of dementia diagnosis and those from the Asian ethnic group had a lower incidence
compared with the white ethnic group. The incidence of dementia diagnosis was 18% lower
among Asian women (adjusted incidence rate ratio (IRR) 0.82, 95% CI 0.72-0.95) and 25%
higher among black women (IRR 1.25, 95% CI 1.07-1.46) when compared with white women
and incidence of dementia diagnosis for men was 28% higher in the black ethnic group (IRR
1.28, 95% CI 1.08-1.50) and 12% lower in the Asian ethnic group (IRR 0.88, 95% CI 0.76-1.01)

relative to the white ethnic group (267). Based on diagnosis incidence in The Health
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Improvement Network data and projections of incidence from community cohort studies, the
study also reported that they estimated that only 42% of black men developing dementia in 2015

were diagnosed compared with 53% of white men (267).

Another study published in 2020, looked into the ethnic variations in referrals to the Leicester
memory and dementia assessment service between 2010 to 2017 (268). A diagnosis of dementia
was recorded in 193 (74.5%) White British, 96 (73.3%) Black and 160 (61.5%) Asian referrals.
Compared with Asians, White British had twice the adjusted odds ratio (OR) of a dementia
diagnosis [OR 1.99, (CI 95% 1.23-3.22)] and AD was found to be more common in the White
British (57.0%) than in Asian (43.8%) and Black referrals (51.0%). The OR for the White British
versus Asian participants was [OR 1.76 (95% CI 1.11-2.77)] and the proportion with severe
dementia was the highest in the White British group: 17%, compared with 11% in Asian and 4%
in the Black ethnic groups. The White British groups were more likely than Asian groups to
receive a diagnosis of dementia [OR 1.99, (95% CI 1.2-3.22, P=0.005)] but compared with Black
groups the difference was found not significant [OR 1.20, (95% CI 0.64-2.26, P = 0.56)].
However, when the authors compared the Black and Asian groups, the former had a higher
proportion diagnosed with dementia, but this was not statistically significant [OR 1.65, 95% CI
(0.93-2.91), P =0.08]. (268).

A UK population-based retrospective, CPRD-based cohort study was reported in 2020,
comprising of 45 474 stroke survivors (mean age 72.6 years, 49% female), of whom 95.7% were
White, 2.0% South Asian, 1.2% Black and 1.1% of Mixed/Other ethnicities. The study found
that stroke survivors of the Black ethnic group had a higher incidence of diagnosed dementia
poststroke, compared with the White ethnic group. The Black ethnic minority group were found
to be 42% more likely to be diagnosed with dementia (adjusted HR 1.42, 95% CI 1.05 to 1.93)
than the White ethnic group (153). Understanding the relationship between ethnicity and

poststroke dementia could help in targeting healthcare interventions to those at most risk.

A more recently published nested case-control study in 2022, using data from primary care
medical records of a population of 1,016,277 from four inner East London borough, collected
between 2009 and 2018 found that Black and South Asian ethnicity were both associated with
increased risk of dementia relative to White [Black OR 1.43 (95% CI 1.31-1.56); South Asian
OR 1.17 (95% CI 1.06-1.29)] (269). It was suggested that area-level deprivation was
independently associated with an increased risk of dementia in a dose dependent manner and that
Black and South Asian ethnicity were both associated with a younger age at dementia diagnosis

[OR 0.70 (95% C10.61-0.80) and OR 0.55 (95% CI1 0.47-0.65)], respectively (269). Population
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attributable risk was reported higher for ethnicity (9.7%) and deprivation (11.7%) than for any
established modifiable risk factor in this population (269). Ethnicity and area-level deprivation
are complex social constructs, and stressful and traumatic life events are increasingly recognised
to influence risk of dementia, additionally, certain adverse events across the life course may be

more common in specific demographic groups possibly increasing risk (269).

In another multi-ethnic population-based cohort study the age-standardized diagnostic incidence
rate (ASDIR) and relative risk of late-onset ADRD (n = 16,410) was estimated among 105,796
by sex and ethnicity (270). The ASDIR for ADRD was reported to vary across African
Americans (22.9 in women, 21.5 in men), Native Hawaiians (19.3, 19.4), Latinos (16.8, 14.7),
Whites (16.4, 15.5), Japanese Americans (14.8, 13.8), and Filipinos (12.5, 9.7). Similar risk
patterns were observed for AD and after adjustment for education and cardiometabolic diseases
the authors found that this attenuated the differences and the study found that after further
analysis for competing mortality risk the sex difference increased, whilst reducing the

racial/ethnic differences (270).

A meta-analysis of 18 studies from the Alzheimer's Disease Cooperative Study and the
Alzheimer's Disease Neuroimaging Initiative, included a cohort of 5,164 subjects (271). The
study found 7% of AD, 4% of MCI, and 11% of normal participants were African American and
had a higher prevalence of cardiovascular disorders (OR 2.10, 95% confidence interval 1.71-
2.57), compared with the white ethnic group but lower rates of other disorders. The study found
that there were no significant differences in rate of progression (-0.862 points/year; 95% CI: -
1.89 to 0.162) by race (271). Another cross-sectional study, conducted among non-Hispanic
white (NHW), non-Hispanic black (NHB), Hispanic, and other Medicare beneficiaries from the
National Health and Aging Trends Study (N=7,609) in the United States, found that consistent
with previous studies, that U.S.-born NHBs had a higher prevalence of dementia than U.S.-born
whites, Hispanics, and others with immigrant status moderating the relationship between

race/ethnicity and dementia (272).

Ethnic differences in dementia prevalence have been reported to vary; in an early study using
data from the National Mental Health Survey of the Elderly in Singapore, (273), the prevalence
of dementia was 4.2% in the Chinese, 9.4% in Malays and 8.8% in Indian ethnic groups;
differences were not explained by gender, age or education alone (31, 273). Malays and Indians

showed a 3—4 times increased likelihood of dementia compared to the Chinese ethnic group in
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Singapore and it was reported that the observed ethnic differences in dementia prevalence could

not be explained by vascular and metabolic factors alone (273).

The 10/66 Dementia Research Group was formed in 1998, building a network of 30 research
groups in 20 countries in Latin America, the Caribbean, India, Russia, China and South East
Asia (274, 275). The 10/66 dementia protocol was developed as a language and culture-fair
instrument to estimate the prevalence of dementia in non-English speaking communities as less
than one-tenth of all population-based research in dementia were living in low income countries.
10/66 was formed to redress this imbalance, encouraging active research collaboration between
centres in different developing countries and between developed and developing countries. The
protocol includes assessment of sociodemographic, disability, care arrangements, physical and
mental health, and dementia diagnosis with (more restrictive) DSM-IV and (less restrictive)
10/66 dementia criteria(274). It was felt that earlier studies most likely underestimated dementia
prevalence in regions with very low awareness of this emerging public health problem and that
more research was needed to explain the impact of dementia relative to other chronic diseases,
and secular trends in countries experiencing rapid demographic ageing and health transition

274).

In 2021 a study looked into the diagnostic accuracy of the 10/66 Dementia Protocol in Fijian-
Indian Elders Living in New Zealand (276). The 10/66 diagnosis had a sensitivity of 92.3% (95%
CI170.3-99.5), specificity of 93.8% (95% CI 75.3-99.6), positive predictive value 0of 92.3% (95%
CI 70.3-99.5), and negative predictive value of 93.8% (95% CI 75.3-99.6). The study results
found that the Fijian-Indian 10/66 dementia protocol had adequate discriminatory abilities to
diagnose dementia and that the instrument would be suitable for future dementia population-

based studies in the region (276).

The association between ethnicity and dementia is, admittedly, highly complex. Immigrant status
and selection factors including immigration-varied health, different educational systems in
diverse countries of origin, acculturative stress, and validity of dementia assessment tools across
ethnic groups requires further attention and greater evaluation (272). Review findings from
the 10/66 dementia research group indicated the need for greater cross-cultural development and
validation of measurement tools of cognition and functioning (275). Monitoring population
trends in the prevalence and incidence of dementia is essential for future policymaking and
planning with respect to provision of health services and long-term care (275). Furthermore,

there is a great need to consider the potential for cultural bias in memory testing and diagnosing

54



dementia in ethnic minority populations, and the importance of cultural competency in
assessment, including greater initiatives to access minority ethnic populations earlier in the

course of their illness (266).
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1.2 Thesis Overview

The main objectives of this PhD study are to estimate the incidence and prevalence of dementia
using the Clinical Practice Research Datalink (CPRD) dataset, among different ethnic groups,
(Black, East and South Asian and White) and to examine the interaction between cardiovascular
risk factors and ethnicity in relation to risk of dementia. In an increasingly multicultural society,
such as the UK, it is vital that we further our understanding of any ethnic differences in rates of
dementia. Not only does this have implications for future aetiological research but it can also
better inform policy makers of prevention strategies and provide guidance in terms of the clinical
care that needs to be delivered within the health service through better planning and allocation

of resources (31).

1.2.1 Overall aim

The purpose of this study is to use a large national clinical database to (a) examine the association
between ethnicity and incidence of dementia amongst ethnic populations, namely the East &
South Asian and Black ethnicity minority groups; and (b) to examine the effects of CVD and
lifestyle risk factors in the development of dementia. There continues to be controversy as to
whether patients from ethnic minority groups are at an increased risk of developing dementia
when compared to White ethnic groups and the degree of association of CVD risk in relation to
this and this study will aim to address this issue. Data from the Clinical Practice Research
Datalink (CPRD) database will be used to calculate incident dementia amongst different ethnic

groups in the UK population and what factors increase the risk of this disease.

1.2.2 Key Objectives

This study will examine the interaction between cardiovascular risk factors and ethnicity in
relation to risk of dementia and whether these associations vary between ethnic groups. This
study will aim to estimate the incidence and prevalence of dementia using the Clinical Practice
Research Datalink (CPRD) dataset, among different ethnic groups, (Black, East and South Asian
and White).
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The objectives involve examining data from the CPRD UK primary care clinical database in

order to:

a) Compare the incidence and prevalence of general practitioner (GP), hospital and death
certification diagnosed dementia cases (as recorded in CPRD, HES and ONS) between
different ethnic groups

b) Examine time trends in incident dementia over the past two decades between different ethnic
groups.

¢) Examine the association between CVD risk factors and ethnicity

d) Estimate the risk of developing dementia among different ethnic groups whilst adjusting for
known covariates of interest.

e) Investigate death as a competing risk in the dementia and ethnicity relationship.

1.2.3 Study Significance and Rationale

It has been estimated that around 60 percent of people with dementia have Alzheimer’s disease,
around 20 percent have vascular dementia and many people have a mixture of the two(277).
‘Globally there is a new case of dementia every four seconds,” and if diagnosed in a timely
manner, people with dementia and their carers can receive the treatment, including lifestyle
management, care and support (social and psychological, as well as pharmacological) enabling

them to potentially delay disease progression and live well with the condition (277).

There are currently 850,000 people with dementia in the UK, more than ever before, and this
number is projected to increase (278).There is growing evidence and reporting that dementia is
underdiagnosed in the Black and ethnic minority groups (268). The number of people with
dementia from black, asian and minority ethnic (BAME) groups in the UK is expected to rise

significantly as the BAME population ages.

Currently less than half of people with dementia in England have a formal diagnosis or have
contact with specialist services and it has been reported that the diagnosis rate varies from 39%
percent in the worst performing areas to 75% in the best, this significant variation needs to be
addressed (277). Studies have found much lower incidences than those reported from the
community, suggesting that general practitioners’ recognition of dementia has remained low and

has not changed over time. Evidence suggests that whilst dementia is underdiagnosed in UK
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primary care patients over the age of 65, the diagnosis is related to the degree of severity and
there is a lack of sharing the diagnosis with their patients (279), suggesting a possible lack of
skill in confidently making a diagnosis of cognitive impairment and dementia and may go some
way to explain the under-recording of dementia in clinical records. Low levels of recording may
also reflect a reluctance to give patients a label of dementia, when the perception is of minimally
effective available treatment. Furthermore, until recently, patients have had to fall below a
significantly low mini mental state examination (MMSE) threshold in the UK in order to qualify
for treatment. These findings also question the effectiveness of educational efforts to improve
the recognition of dementia in primary care in the decade since the introduction of cholinesterase
inhibitors. This underlines the emphasis on improving recognition of early manifestations of
dementia, as proposed in the UK’s recently published national dementia strategy (280). There is
a disproportionately small research area focusing in generating evidence for dementia prevention

and risk reduction in ethnic minority groups.

With an ageing population, the proportion of age-related diseases and multiple comorbid
disorders is on the rise. Ethnic groups are distinctly different from each other, and little is known
about the association between ethnicity and dementia among older people, this thesis aims to
attempt to shed further light on this association. The last published estimations of dementia
diagnosis amongst the ethnic groups showed that there were 25 000 people with dementia from
Black Asian and Minority Ethnic groups in the UK in 2012 (281) and there has been very limited
studies examining current dementia prevalence amongst these ethnic groups in the UK. What
has been consistently shown is that compared to the White British population, people from ethnic
minority backgrounds are diagnosed at younger ages with lower scores on cognition, which could
indicate that the dementia is more advanced at the time of diagnosis (267, 282). This number is
expected to increase sevenfold to over 172 000 people by 2051, compared with a twofold
increase in the number of people with dementia across the total population in the same time

period (283).

Current evidence stems from a limited number of studies often with small sample sizes, with
incomplete evaluation of potential confounders, limited examination of sensitivity analyses and
failure to investigate different ethnic minority groups. It is now increasingly recognized that
academic research which seeks to examine the experiences of ageing among ethnic minority

older people and issues relating to ethnicity in old age more generally, remains scarce (284, 285).

In this study, using the CPRD dataset and a robust design and methodology, the aim was to build

upon the richness of available data using statistical approaches. The objective of this study was
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to investigate the association between ethnicity and incident dementia among individuals with
and without cardiovascular and lifestyle risk factors in the development of dementia. My
aspiration was that using a nationally representative cohort of primary care derived longitudinal
data, would allow me to investigate a larger number of confounding factors (compared to
previous studies) in relation to dementia incidence amongst different ethnic groups as well as
examining the effect of survival bias and competing mortality. A lack of awareness that people
from different groups may have different symptoms in the early stages of dementia could delay
diagnosis and this may in turn also reduce access to some treatments. Findings from this study
may contribute to a better understanding of the aetiology and pave way for better surveillance of
those patients that are most at risk at the community level and improve access to timely diagnosis

and treatment.
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CHAPTER 2 -METHODOLOGY
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Chapter two introduces the main data source used for this thesis, along with the study design,
population and the variables of interest. This chapter clearly describes the data extraction, and
management process including how the data was prepared for analysis. The last section

summarizes the statistical analysis plan and aims, which are targeted in the following chapter.

2.1 Data Source:

2.1.1 Clinical Practice Research Datalink (CPRD)

The Clinical Practice Research Datalink (CPRD) is a national database that was used in this study
to examine the association between cardiovascular disease and lifestyle risk factors and dementia
incidence amongst 5 different ethnic populations in the UK. CPRD is a primary care research
database which collates anonymized electronic healthcare records from over 11.3 million
patients from 624 general practices. This database was first established in London in 1987, from
the small Value-Added Medical Products (VAMP) dataset which then grew to become the
General Practice Research Database (GPRD) in 1993, before expanding to become the CPRD in
2012 (286).

The data held in CPRD includes medical diagnoses, symptoms, tests, immunisations,
prescriptions (date, daily dose, and drug substance), any health related behaviours, as well as
recording the number and type of hospitalisations and referrals to secondary care (287). The
CPRD database divides information into patient, practice, staff, consultation, clinical, therapy,
test, immunisations and referral data files (286). With 4.4 million active (alive, currently
registered) patients meeting quality criteria, approximately 6.9% of the UK population are
included and patients are broadly representative of the UK general population in terms of age, sex

and ethnicity (286).
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Figure 1 Schematic diagram for data held in CPRD

PRACTICE DATA Clinical Additional

(Region & Collection Procedures Details

information)

e TA M consuLTATIONS

Registration)

Referrals

Tests

STAFF DATA

(Description of personnel)

62



The quality of the CPRD data is variable because data are entered by GPs or GP practice staff,
as part of routine consultations, not for the purpose of research. Thus, researchers should
typically undertake comprehensive data quality checks before undertaking any study (288).
Quality of some data is driven by the Quality and Outcomes Framework in the UK, and data is
also monitored by CPRD internal processes (288). The CPRD provides two sets of data quality
criteria: acceptability for patients and up to standard (UTS) time for practices. It has been
reported that whilst these criteria do not ensure data quality, CPRD recommends that these
measures are used particularly as a first step to selecting research-quality patients and periods of
quality data recording. The acceptable patient metric is based on registration status, recording of
events in the patient record, and valid age and gender (288). The UTS date is a practice-based
quality metric based on the continuity of recording and the number of recorded deaths and the
UTS date is calculated for each participating practice, corresponding to the latest date at which

practices meet these minimum quality criteria (288).

GP practices across the UK choose to contribute their patients’ de-identified data to CPRD and
only anonymised patient data is provided to researchers. Each year CPRD must get Section 251
regulatory approval through the Confidentiality Advisory Group for NHS Digital to process
patient data on behalf of CPRD to allow CPRD to supply anonymised linked data for public
health research. CPRD has established a data linkage programme that routinely links primary
care data to other patient-level health data from NHS Digital and Public Health England (PHE)
data custodians (289).

Data are largely recorded by general practice staff using Read codes version 2, a hierarchical
clinical classification system containing over 96, 000 codes (286). Read codes were developed
by a UK GP, Dr James Read, in the 1980s to facilitate standardized assessment and succinctly
categorise patient conditions when computerized (290). They map to other nomenclatures such
as International Classification of Diseases (ICD), SNOMED-CT, and International Classification
of Primary Care (ICPC) codes (290). Each Read code represents a term or short phrase describing
a health-related concept. There are over 200,000 different codes, which are sorted into categories
(diagnoses, processes of care and medication) and each clinical entity is represented by an

alphanumeric code and a Read term, which provides a plain language description (290).

With consideration of under-reporting of dementia in primary care, we used HES and ONS
linkage datasets (by the patient ID which is the unique patient identifier) to determine any under-
reporting of dementia cases in CPRD. The linkage datasets enabled further identification of
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patients with a dementia related ICD-10 code in HES/ONS that were not captured in the CPRD

database.

2.3 Additional Linkage Datasets used

2.3.1 Hospital Episode Statistics (HES)

HES is a national dataset that captures data on hospitalisations including all admissions,
outpatient and emergency appointments to the National Health Service (NHS) hospitals in the
UK. The International Statistical Classification of Diseases and Health Related Problems, 10th
revision (ICD-10) is used for recording the diseases and for the recording of procedures the
Office of Population Censuses and Survey Classifications of Interventions and Procedure,

Version 4 (OPCS-4) is used (286).

2.1.3 Office for National Statistics (ONS)

The Office for National Statistics is the UK's largest independent producer of official statistics
and the recognised national statistical institute of the UK. The ONS is another linkage dataset
which captures mortality specific data including the cause of death and is recorded using ICD-
10 (286). The Office is responsible for collecting and publishing statistics related to the economy,
population and society at national, regional and local levels. Mortality information, and in
particular date of death, is frequently used in observational real-world studies to evaluate
patients’ mortality and their end-of-life morbidities and care (291). More than 50 % of deaths in
the U.K. do not occur in hospital and therefore cannot be captured in HES data (292) therefore,
ONS linked death data are preferred over HES linked data as source of information on mortality

(293).
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2.1.4 Index of Multiple Deprivation (IMD)

The Index of Multiple Deprivation (IMD), as measure of social deprivation, is an additional
linkage dataset used for the purpose of this study. In CPRD, the IMD index is provided as
quintiles of the deprivation score from 1 [least deprived] to 5 [most deprived] and is anonymised
to protect confidential patient information. The CPRD dataset is able to link patient postcodes to

publicly available IMD scores and group data into quintiles at the English national level.

IMD scores represent a composite ecological (small-area based) measure of the socioeconomic
status of a patient, based on the income, employment, disability, educational attainment and other
attributes of the Local Super Output Area (LSOA) of a patient’s residence (286). The latter
typically comprise populations between 1000 and 3000 residents (286). Individual-level IMD
linkage is available from those general practices that agreed to this linkage, where individuals

have not opted out, covering around two thirds of CPRD participants (294).

Date of Death Cause & Date of
Death

Medical History, signs Haspital admission &
symptoms, Diagnosis, discharge dates, imaging
Prescriptions, data & surgical
immunisations, tests & operations and
referrals procedures
= -
Demographics Proxy to socio-
Medical History economicdata
\ b

1 1

| ) | J | )
1 1 1 1

Database/Linkage Datasets

Figure 2 Patient information available in CPRD and other linkage datasets
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2.1.2 Ethics Approval

Access to the CPRD database was obtained via an Imperial College London (ICL) Institutional
License. CPRD is broadly approved by the National Information Governance Board Ethics and
Confidentiality Committee (NRES) for observational studies using anonymized primary care
data and linkage datasets (CPRD n.d). However, access to the data is reliant on approval from
the Independent Scientific Advisory Committee (ISAC) for MHRA database research. This
committee is responsible for reviewing protocols for scientific value and providing guidance for

access for research-related requests to access CPRD dataset.

For the purposes of this study a formal ethics application (ISAC) for the use of the CPRD
database was submitted and accepted: protocol 16 193R2 titled “Ethnicity, Cardiovascular
Disease and the Risk of dementia”. The protocol requirements are broadly based on the

International Society for Pharmacoepidemiology (ISPE) Good Pharmacoepidemiology Practices.

2.2 Study Design

This study is a retrospective longitudinal cohort study and the outcome of interest is ascertained
dementia, this included all those with a diagnosis of Alzheimer’s disease (AD), Vascular
dementia (VD), Lewy Body dementia (PD), Mixed AD/VD Dementia, Parkinson’s Disease
dementia (PDD) and Frontotemporal Dementia (FTD).

2.3 Study Population

All eligible participants that were aged 50yrs and older that contributed to the CPRD database
between 15 January 1996 and 1% October 2016 were included in the main study cohort extract.
Individuals were followed up from the latest of: January 1, 1996; their 50th birthday or 6 months
after registration with the general practice whichever came last. Patients were excluded if there
were any previous recorded dementia diagnosis at the time of entry into the study. The end date

was defined as the earliest of the first record indicative of dementia or an antidementia drug
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prescription; patient’s death; patient leaving the practice; practice leaving CPRD database; or 1*

October 2016 the observation study end date.

2.4 Data Extraction

CPRD requires extensive data processing and management as the data are stored in millions of
rows and columns of longitudinal data. The data preparation stage involved defining the variables
of interest by generating operational definitions and building multiple code lists. This is a critical
step in CPRD as it helps ensure the reproducibility and quality of the data used in this study. For
the purpose of this PhD I generated my own ethnic codes lists, using all of available ethnic coding
and then mapping them against the 5 ethnic categories used in this study. This also involved

extensively aggregating individual ethnicities where appropriate.

Variables of interest were identified in accordance with the main research question, and their
operational definitions were generated for the following: demographic, lifestyle and
cardiovascular risk covariates and outcome of interest. I built the Code lists using searchable data
and coding dictionaries provided by CPRD, which encompasses all diagnostic and prescription
terms along with their corresponding descriptive terms. CPRD uses READ and product codes
for diagnostic and drug prescription events, respectively. Furthermore, QOF codes and code lists
from published CPRD papers were used to create a more exhaustive and accurate code list. Once
the extensive code lists were built, they were further evaluated for constituency and accuracy
when pertaining to diagnostic outcomes. All of the code lists were then used to extract a
customized cohort of individuals from CPRD, with electronic health records containing the codes

of interest during any point in the study period.

The extraction the data took part in two phases. Firstly, all patients that met the study entry
criteria were extracted from CPRDs main database, this generated 5,272,717 number of patients.
This dataset was subsequently further filtered for only those containing an ethnic coding.

Removal of all cases without an ethnic READ code reduced the cohort size to 1,091,242 cases.

Various data files can be linked together using the anonymized patient identifier (patid) variable,
this patient identifier is consistent throughout the files and monthly database build updates. For
the purpose of this thesis, the following data files were used: patient, clinical, therapy and

additional data files. The files were then filtered by the code lists to derive the information for
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the key variables of interest, which included demographic, cardiovascular and lifestyle covariates

as well as the main outcome variable, a dementia diagnosis.

Once the data was extracted using the defined observation criteria for entry into the study and
using the generated READ code lists, the next stage of “cleaning” of the dataset. This exercise
involved removing inconsistencies, individuals with erroneous demographic data (inconsistent
recording between datasets for the same event) and the identification and removal of participants
after applying the study observation entry criteria. For the demographic covariates, age and sex
were readily available variables. The remaining set of demographic, lifestyle and cardiovascular
risk variables, required further exploration, categorization and algorithms to be generated. I
primarily used the READ codes in the clinical file extracts to filter the data for the demographic,
lifestyle and other covariate variables and was able to combine this with previously published
CPRD code lists to further maximize the dataset. Following the cleaning of the dataset I was able

to create a customized dataset that was utilised for the analysis in this study.

A total of 5,272,717 individuals were
extracted from the CPRI database

A total of 5,004,863 individuals
remained from the main extract

sacluded due to no

ethniccoding

A total of 1,091,242 individuals were
inclnded in the analysis of this study |,

Figure 3 Cohort for this study following data extraction and applying exclusion criteria
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267,881 participants were excluded due to data inconsistencies, such as inconsistent dates of
birth, inconsistent death dates when cross referenced with other linkage datasets for the same
participant and failing to fall within the observation entry criteria. 27,191 were excluded from
the study due to an already established dementia diagnosis at baseline. When a date of death is
provided in two datasets, but are inconsistent, data quality is challenged (292). This issue may
come from incorrect data recording in one or both datasets or from a linkage mismatch. Indeed,
the linkage between the two datasets comes with a match rank, which is a measure of match
likelihood: however, if the linkage for a patient is not considered reliable or the record not
acceptable, not only the ONS date of death should be disregarded, but also the accompanying
causes of death (293).

2.3 Dementia Ascertainment

The outcome of interest in this study was ascertainment of any definite, probable, or possible

dementia in CPRD, HES, or ONS data sources as described below.

Using the following sources: Quality & Outcomes Framework (QOF) code list (295), 2014-15
Directed Enhanced Service (DES) Specification Facilitating Timely Diagnosis & Support For
People With dementia (296) and Guidance dementia Revealed: What Primary Care Needs to
Know (280), a super-list of dementia-related codes was produced which will enable the
identification of additional likely cases from other code sources in addition to diagnoses. An
initial extract of CPRD data revealed 135,536 patients with one or more GP-entered dementia
diagnoses. Of these, 97,604 (72.0%) have one diagnostic code from the QOF list, 25,485 (18.8%)
have two codes, and 7,107 (5.2%) have three codes. Initial analysis of the Mini Mental State
Examination (MMSE) cognitive testing codes in the extract (by far the commonest) suggested

the possibility of further identification of patients with dementia.

Based on these considerations and the information available in CPRD, Dementia ascertainment
was captured as per the following: (1) Definitive diagnosis of Dementia, (2) probable AD (READ
and product codes indicating a diagnosis for AD only) and (3) other Dementias (READ and
product codes indicating a diagnosis for other types of Dementia such as VD, Mixed AD/VD,
FTD, LBD or Dementia without specification of the subtype). (4) those with a cognitive test
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score indicative of a dementia diagnosis (5) those with a prescribed antidementia drug and (6)

those attending an outpatient memory clinic.

For the purpose of this PhD study, I have used the following strategies and definitions to identify

and categorise dementia cases from the CPRD database and linkage data sets:

(1) triangulation with Hospital Episode Statistics (HES) and Office of National Statistics (ONS)

mortality data using the ICD 10 diagnostic codes for all dementias
(2) doctor diagnosed dementia cases in CPRD, using Read coding system within this database.

(3) using other codes in the primary care EHR to identify cases, using read and product codes
for prescription data (a prescription relating to any of the acetylcholinesterase inhibitors or

Memantine), cognitive function tests (see Table 4) and attendance at outpatient memory clinics

I sequentially added definite or probable dementia cases to the Electronic Health Record
diagnoses, firstly using Hospital Episode Statistics (HES) data, Office of National Statistics
mortality (ONS) data and then supplementing these with algorithm-derived dementia cases. The

full clinical algorithm is shown in Figure 4.

Firstly, the main outcome was operationally defined (Table 2) and table 3 show further relevant

read codes that were obtained from the PRIMS dementia audits used in this study.

I identified probable cases by finding patients who have ever had cognitive function test (CFT),
and with a positive CSF test result or /and with Genetic Testing, and patients attending Outpatient
Memory Clinic. I identified a further two probable cases from CPRD using this method. Based
on the dementia screening process in primary care, two approaches were developed to identifying
possible dementia cases. These cases were identified using 1) patients with an invalid cognitive
function score and have ever attended Outpatient Memory Clinic; 2) patients with a Medcode
indicating cognitive impairment and have ever attended Outpatient Memory Clinic. I have
identified a further 57 possible cases by using the first approach and identified another 893 cases
by using the second approach (see Fig 4).
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Table 2 Operational Definitions for Dementia

Main Outcome Operational Definition Data file
used
Dementia Determined using READ or product codes Clinical
Diagnosis primarily, or HES ICD10 or ONS ICD9/10 Therapy HES
codes. The 2011 NIA-AA Criteria for Linkage data

Alzheimer’s Disease was used for a more
accurate diagnosis: Dementia possibly
attributable to Alzheimer’s disease, dementia
probably attributable to Alzheimer’s disease and
other late-onset dementias.

Table 3 Shows the Read Codes from the PRIMIS dementia audit codes

6AB.. Dementia annual review

3AD..00 Dementia test

66h..00 Dementia monitoring

90u..% Dementia monitoring administration
8BPa. Antipsychotic drug therapy for dementia
8HIla.00 Referral to dementia care advisor

8HTY. Referral to memory clinic

38C1000 Assessment for dementia

38C1300 Assessment of psychotic and behavioral symptoms of dementia
8CSA. Dementia advance care plan agreed
8CMG2 Review of dementia advance care plan
81Ae0 Dementia advance care plan declined
90u2.00 Dementia monitoring second letter
90ul.00 Dementia monitoring first letter
90u3.00 Dementia monitoring third letter
90u4.00 Dementia monitoring verbal invite
90u5.00 Dementia monitoring telephone invite

The HES and ONS mortality linkage datasets were used to detect additional dementia cases using
ICD-10 codes. I was able to supplement diagnoses in primary care data with HES, in those
practices who have consented to participate in the linkage scheme (approximately 70% of the

contributing practices in England, or roughly 55% of all practices in the database).
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Additionally, the therapy file extract from CPRD was used to identify individuals on dementia
drugs that did not have a code specifying a dementia diagnosis otherwise. Dementia drugs will
only be prescribed in those with a dementia diagnosis. The following dementia drugs included
acetylcholinesterase inhibitors (Rivastigmine, Donepezil and Galantamine) and Memantine.
Both classes of drugs are predominantly solely used for the treatment of AD and other dementia
conditions and where a clinical record indicated that the participant was being prescribed any of
the acetylcholinesterase inhibitors or Memantine, these participants were concluded to have been
given a dementia diagnosis and included in case ascertainment. Therefore, patients on dementia
drugs but without dementia diagnosis in CPRD will therefore have been under-reported dementia

cases.

To further maximise the detection of dementia case numbers, cognitive function and
neuropsychometric tests, commonly used in clinical practice in the UK for dementia diagnosis
were also used. For each test, the cut-off points for a diagnosis dementia were used to test and
validate the scores in CPRD (Table 4). The cognitive function tests included: Mini Mental state
examination, Mini cog, six-item impairment test, AMT-Abbreviated mental test, DRS- Clinical
dementia rating scale, GP cog- general practitioner assessment of cognition and ACE-R-
Addenbrooke’s cognitive examination revised. Please see Table 4 for details of cut off scores

which indicate a dementia diagnosis.
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Table 4 Cognitive tests used for identification of dementia

Read Terms

Cognitive

Function Test

Score
Range

Score for
dementia
diagnosis

83484 MMSE

82481 Mini-mental state examination

11862 Mini mental state score

10493 MMSE - Mini-mental state examination

10503 Mini-mental state examination

11862 Modified mini-mental state 3MS examination

49674 Mini-mental state examination

89036 Modified mini-mental state 3MS examination

98742 Modified mini-mental state examination

36637 Modified mini-mental state examination

95796 Mini mental state score

108416 Mini-Cog

35203 Mini-Cog

55882 Six item cognitive impairment test

35305 Six item cognitive impairment test

3530 Six item cognitive impairment test

9794 AMT - Abbreviated mental test

19037 Abbreviated mental test

26819 Abbreviated mental test

35203 DRS - Clinical dementia rating scale CDR 0-3 >0.5

44880 Clinical dementia rating scale CDR 0-3 >0.5

39471 Dementia rating scale CDR 0-3 >0.5

101074 GPCOG - general practitioner assessment of cognition

103076 GPCOG patient examination

101710 GPCOG informant interview

100140 Addenbrooke's cognitive examination revised

11862 Addenbrooke's cognitive examination revised - attention and
orientation subscale

103076 Addenbrooke's cognitive examination revised - fluency subscale
19037 Addenbrooke's cognitive examination revised - memory subscale
26142 Addenbrooke's cognitive examination revised - language subscale
26326 Addenbrooke's cognitive examination revised - visuospatial subscale

MMSE score
MMSE score
MMSE score
MMSE score
MMSE score
MMSE score
MMSE score
MMSE score
MMSE score
MMSE score
MMSE score
Mini-Cog
Mini-Cog
6-Item-Cog
6-Item-Cog
6-Item-Cog
AMT

AMT

AMT

CDR

CDR

CDR

GP-Cog
GP-Cog
GP-Cog
ACE-R

ACE-R

ACE-R

ACE-R

ACE-R

ACE-R

ACE-R

0-30
0-30
0-30
0-30
0-30
0-30
0-30
0-30
0-30
0-30
0-30
0-5

0-5

0-28
0-28
0-28
0-10
0-10
0-10
0-3

0-3

0-3

0-9

0-9

0-100
0-100
0-100
0-100
0-100
0-100
0-100

<24
<24
<24
<24
<24
<24
<24
<24
<24
<24
<24

<82
<82
<82
<82
<82
<82
<82
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2.3.1 Summary of Dementia Ascertainment

1. Definitive Dementia cases:

a) Patients diagnosed with dementia in their primary care EHR, which will include vascular
dementia (VD), Alzheimer’s disease (AD), Lewy Body dementia (LBD), mixed dementia and
Parkinson’s disease dementia (PDD) where specific diagnoses are present, plus other codes

associated with dementia.

b) Patients with either a primary or secondary diagnosis of dementia in their HES or ONS data
c) Patients with at least one prescription for dementia-specific drugs

d) Scores on cognitive function tests likely to be present in diagnosable dementia

e) Patients with cognitive function tests and with positive biomarkers and attending Outpatient

Memory Clinics

2. Probable and Possible Dementia cases:
a) Patients with an invalid dementia test score but attending OPD Memory Clinics
b) Patients with a diagnosis of cognitive impairment and attending OPD Memory Clinics

c¢). Additional dementia cases from drug algorithm arm of the flow chart

A full list of the Read codes and Product codes used in this study can be found in the Appendix.

An algorithm illustrating a step-by-step decision approach to dementia ascertainment was used
in this study. I developed this clinical algorithm (Figure 4) in order to particularly capture and
identify under-diagnosis/under-reporting of dementia cases in CPRD. This algorithm was used
in other CPRD based studies in our department, including the successful PhD thesis of Darina
Bassil and Bang Zeng.
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Figure 4 Flowchart of definite, probable and possible dementia case identification
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2.4 Ethnicity (Exposure Variable)

The patients within this study were grouped into five different ethnic categories and Code lists
were developed tosearch for ethnicity information captured in the current cohort. Information
extracted on ethnicity were grouped into White (British or other white background), South Asian
(Indian, Pakistani, Bangladeshi, Sri Lankan and any other South Asian country), East Asian
(Chinese, Japanese, Korean, Taiwanese), Black (African, Caribbean, or other black background),

and Mixed group which included any other or mixed ethnic backgrounds.

HES-recorded data proved helpful in cases where ethnicity was missing from the original clinical
file extracts. Ethnicity was categorized in this study as following, White, Black, South Asian,

East Asian and Mixed. Individuals with missing ethnicities were excluded from the cohort.

Table 5 Operational definition for Exposure Variable

Main Outcome Operational Definition Data file
& used
Demographic
variables
Ethnicity Determined using READ codes primarily and Clinical
HES-recorded ethnicity (where a READ codeis HES
unavailable). linkage data

Any remaining missing data was excluded from
the study.

The data was collapsed into a categorical
variables based on the ONS ethnic group
classifications derived for the 2001 Census and
then categorised as described above.

The latest ethnic category recorded for a patient
was used if >1 was entered.
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2.5 Covariate Risk Factors

Several demographic, clinical and lifestyle covariates have been reported to affect the risk of
developing dementia. Based on the literature on the shared risk factors between dementia and
cardiovascular disease and lifestyle risk factors, as well as taking into account the available
information in CPRD, the following covariates were considered: age, sex, smoking, alcohol,
BMI, hypertension, hypercholesterolemia, cerebrovascular disease, stroke, coronary artery
disease, education and IMD. All covariate risk factor data used in this study were recorded over

the observation period.

The following covariate risk factor data are included in this study, smoking, alcohol, diabetes,
HF hypertension, hyperlipidaemia, BMI, IMD, education, coronary heart disease. The data for
each of these covariates were extracted by defined Read code lists. These are created by
searching for relevant Read version 2 5-byte codes using either CPRD’s own code browser or
using the “NHS browser” maintained by the Health & Social Care information Centre (HSCIC).
The following continuous variables were categorised: body mass index (BMI), alcohol
consumption, age, IMD, education, hypertension, smoking and total cholesterol laboratory

values.

Table 6 below outlines the operational definitions used for each of the covariates used in this
study. The covariate data was extracted using defined Read codes using either CPRD’s own code
browser or using the “NHS browser” maintained by the Health & Social Care information Centre
(HSCIC). The availability of CPRD data for the risk factor data, blood laboratory values,

imagining and outpatient attendances are shown in Table 7.

77



Table 6 Clinical covariates, operational definitions and data files used

Cardiovascular & Operation Definition Data file
Lifestyle Covariates used
Sex First recorded patient sex in database Patient
Age Age at cohort entry Patient
Type II Diabetes Determined using READ codes Clinical
(T2DM) indicating T2DM diagnosis.

BMI The most recent BMI category recorded = Clinical
using READ codes, or category within Additional
which a continuous BMI measurement
falls at the date of cohort entry, and then
using the additional data file

Hypertension The most recent Systolic and Diastolic Clinical
Hypertension category recorded using
READ codes, or category within which a
continuous Systolic Hypertension
measurement falls at the date of cohort
entry.

Hypercholesterolemia Determined using READ codes Clinical
indicating a Hypercholesterolaemia Additional
diagnosis and using laboratory blood
results.

Cerebrovascular Binary variable describing presence or Clinical

disease absence of cerebrovascular disease prior
to censor date, based on a set of identified
READ codes

Heart Failure (HF) Binary variable describing presence or Clinical
absence of HF to censor date, based on a
set of identified READ codes

Coronary Heart Binary variable describing presence or Clinical

Disease (CHD) absence of CHD prior to censor date,
based on a set of identified READ codes

Stroke Binary variable describing presence or Clinical
absence of HF to censor date, based on a
set of identified READ codes

Atrial Fibrillation Binary variable describing presence or Clinical

(AF) absence of AF prior to censor date, based
on a set of identified READ codes

Index of Multiple Linkage dataset used, categorical 1 (least = Linkage

Deprivation deprived) — 5 (Most deprived)

Education Determined using READ CODES Clinical

78




Table 7 Summary of covariate risk availability in CPRD

Risk factor References Availability in CPRD data

Age (33, 297) Key risk factor in almost all epidemiological studies. As per CPRD Gold Data Dictionary
Gender (33,297) Comprehensive

Education (33,297, 298) Not well recorded. There are only 62,589 coding events for educational level in the whole

cohort, and over 42,000 are for learning difficulties.

Socioeconomic and Occupational
class

(33,298, 299)

Obtain linkage to Index of Multiple Deprivation via CPRD.
deprivation and education have been implicated as risk factors.

Intelligence, occupation,

All available Lifestyle Factors:
1. Smoking Status

2. Diet

3. Physical Exercise

4. Alcohol consumption

5. Obesity/BMI, including weight
and height measurements

(23, 24, 33, 203,
297, 298, 300)

1. 90% of patients have smoking status recorded in the last three years. Higher levels of
recording are noted if prior years are included.

1. Patients will be classified as ‘Current smoker’, ‘ex-smoker’ or ‘non-smoker’ based on the
most recent code, within the entire record, up to the start of the observation period. See appendix
for a full list of codes.

2&3 The coding for dietary and physical activity is not well coded.

4. Reasonable data quality for hazardous drinking using the WHO FAST questionnaire
definition. Over 80% of patients have alcohol intake recorded in the last three years (286).
Patients will be classified into four groups — ‘none’, ‘light’, ‘moderate’ or ‘heavy’ based on the
most recent code, within the entire record, up to the start of the observation period.

5. BMI completeness increased over calendar time from 37% in 1990-1994 to 77% in 2005—
2011, and was higher among females and increased with age.

Patients will be classified as ‘underweight’, ‘normal weight’, ‘overweight’ or ‘obese’ based on
the most recent code, within the entire record, up to the start of the observation period.
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Risk factor References Availability in CPRD data
Clinical Parameters
1. Cardiovascular Disease, (23, 28, 33) Some under-diagnosis, but good availability of CVD diagnoses from QOF registers.

including microvascular and
macrovascular disease
complications.

2. Hypertension

3. Hyperlipidaemia

(33, 298, 301,
302)

Only 10% missingness of BP data in last three years, but extensive underdiagnosis

Over 75% of population over age of 65yrs has a total cholesterol recorded in the last 3 year

(33, 172) (286). Very high level of recording if prior years are included.
4. Type II Diabetes (128,303, 304) | Extensive underdiagnosis of abnormal ratios based on statin prescribing.
Y . C ) . 0o
5. Cerebrovascular Disease, Some under-diagnosis, but QOF diabetic registers include 80-90% of cases.
including Transient Ischaemic
Attack, Atrial Fibrillation and
Stroke
Cognitive Impairment (24) Total number of clinical events recorded for cognitive impairment (including cognitive decline).
Patients will be classified into Mild, Moderate and Severe based on the most recent code.
Laboratory parameters (304-307) Blood tests will include the following

Lipid Profile — Total serum cholesterol, HDL & LDL incl ratio.
Fasting Glucose & HbAlc
Vitamin B12/folate levels/CRP/Homocysteine TFTS, CRP,
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Risk factor References Availability in CPRD data
High recent availability of GP-ordered test results. We will scope the availability of blood test
results, and use common tests such as HBAlc to supplement diabetes and other risk factor
diagnoses.

Prescriptions (33, 308) Medication groups will be classified as follows:

1.Antihypertensive medication

(Calcium channel blockers, beta-blockers, ACE inhibitors, ARBs or other)
2.Lipid lowering (statins, fibrates or other)

3.Antiplatelet or anticoagulants

4.Antidiabetic medication (oral antidiabetic medication and insulin)

4. Dementia medication (rivastigmine, galatamine, memantine donepezil)
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Read codes from the clinical files were used to extract all the covariates of interest in
this study, this included the use of additional file extracts where there were large
amounts of missing data, such as in smoking and alcohol consumption. The additional
data file was able to help fill in some of the missing fields and also provided more
updated information for individuals of interest. Smoking was categorised as the
following current smoker, ex-smoker and non-smoker. Alcohol consumption was
categorised as no alcohol use, light, moderate and heavy alcohol intake based on the

number of units that were being consumed per week.

In cases where the BMI was absent in the clinical file, the additional file was used to
look into distinct fields for height and weight and the BMI was calculated. Finally,
BMI was categorized into the following categories: underweight (<18.5), normal

(18.5-25), overweight (25-30) and obese (>30).

The remaining clinical covariates which included hypertension, hypercholesterolemia,
CAD, HF, stroke and cerebrovascular disease were all cleaned and organized. READ
codes were used from the clinical file extracts to form binary variables representing
history/no history of the covariate of interest and where there was an absence of a

record it was assumed that there was no diagnosis of the disease.

The Index of Multiple Deprivation (IMD) scores were used as a proxy for
socioeconomic status in this study. In CPRD, the IMD index is provided as quintiles
of the deprivation score from 1 [least deprived] to 5 [most deprived] and is anonymised
to protect confidential patient information. Indices of multiple deprivation have been
developed encompassing material deprivation and other aspects such as health,
education and crime (309). The IMD index is a small-area measure of social
deprivation that has been linked to each patient in CPRD through the postcode of
patient residence or the postcode of registered GP practice. Each postcode has a
mapped to a lower layer Super Output Area (LSOA) which has a corresponding
deprivation score produced by the UK Department for Communities and Local
Government (289, 310). This deprivation score derived from multiple indicators of
different domains (housing, employment, income, access to services, education and
skills, crime, and living environment) is calculated as the weighted sum of domain

indices (289, 310).
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2.3 Statistical Analysis

2.3.2 Aims overview

The aims stated below were completed for the following ethnic groups, White, Black,
South Asian, East Asian and Mix in order to ascertain the dementia incidence amongst
the different ethnic groups as well as the association of covariate risk factors in the

development of dementia amongst each of these ethnic groups.

1. A purely descriptive analysis of the baseline characteristic between the ethnicities

was conducted and summarised in tables.

2. Age - and sex- stratified incidence was calculated for dementia, per person-year at
risk, for each ethnic group in order to estimate the incidence of dementia in each of the

ethnic groups.

3. The distribution of the covariate risk factors per ethnic group was determined
through logistic and ordinal regression models, with an aim to further the

understanding of the baseline clinical and lifestyle health of each of the ethnic groups.

4. Survival models were built and Cox regression analysis was carried out to estimate
the HR for incident dementia by ethnic group, adjusted for age and sex in the first
model, and then further for lifestyle and cardiovascular covariate risk factors excluding
education and IMD in the second model. The third Cox regression model was fully
adjusted for all covariate risk factors, which included IMD and education and the
estimated HR for the incidence of dementia by ethnic group were obtained. Missing
values were kept in the second and third models as a separate missing category for

each of the covariates where there was missing data.

5. The Fine & Gray competing risk model was used to estimate the effects of
competing mortality risks on the incidence of dementia within each ethnic group and
the subdistribution hazard ratios were obtained by ethnic groups accounting for death
as a competing risk. Using Cox proportional hazard models, the cause specific HRs

were also obtained for death and dementia accounting for death as a competing risk.

6. Cumulative incidence risk plots for dementia accounting for death as a competing

risk and death were generated.
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2.3.3 Statistical Methods

In order to adequately investigate the association between ethnicity and dementia and
covariate risk factors, I have opted for a complete case analysis. Baseline
characteristics for each ethnic group were initially summarised by age group and
gender and further summarised by cardiovascular disease risk, lifestyle and other risk

factors that were examined during the observation period 1996-2016.

Firstly, I estimated the incidence of ascertained dementia (described earlier in this
chapter), in different ethnic groups and compared incidence rates between different
ethnic groups. Age was analysed in 10-year age groups with the last age group being
90+ years. The incidence rates (IRs) of dementia were analysed for each ethnic group.
The incidence rate of dementia diagnosis by ethnic group per 1,000 person years was
derived by summing the number of patients with a first record indicative of dementia
diagnosis between 1996 and 2016 and dividing this by the total number of person years
of follow-up for this period, stratifying by age group and gender.

The incident rates were adjusted by sex and the following 10- year age categories were
used (50-59, 60-69, 70-79, 80-89 and 90+ years). Individuals were considered at risk
and contributed person years from date of cohort entry to diagnosis of dementia, death

date, transfer out data, or end of observation period, whichever came first.

Logistic regression models were used to estimate the level of cardiovascular disease

and socio-economic deprivation between each of the different ethnic groups.

Cox regression methods were used to test the association between ethnicity and risk of
dementia and multivariable Cox proportional hazard models were used to estimate
ethnic differences in the risk of dementia, whilst adjusting for major cardiovascular

disease risk factors and social confounders.

Cox proportional hazard models, with covariates and age as the time-scale, were
applied to determine the risk of overall dementia in each ethnic category. The first
model was minimally adjusted for age and sex and Hazard ratios as well as 95% CI
were reported. The second model adjusted for various possible confounders as
identified from the literature, these included the covariates of interest, CHD,

Hypertension, BMI, hyperlipidaemia, IMD, stroke, HF, AF alcohol, smoking and
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Cerebrovascular Disease and the fully adjusted model included all covariates of

interest including IMD and Education.

Statistical modelling for the effect of the confounding effects of cardiovascular disease
risk factors on the development of dementia as an outcome is complicated by the
presence of competing risks due to death. Competing risks occur when a patient is at
risk of more than one mutually exclusive event such as death from different causes. If
we want real world probabilities of death, then competing risks methodology should

be used as opposed to standard survival analysis methods (311, 312).

The usual survival regression model assumes that an individual is being “censored”
from the cohort (due to death, loss to follow-up, or being still alive and free of dementia
at the end of the study). Research papers have suggested that in order to adjust for
survival bias, data of age-specific rates of mortality and dementia incidence with and
without the covariate of interest would need to be obtained and regression models

adjusted with this in mind (313) .

To investigate whether any associations observed between Ethnicity and dementia
were due to selective mortality, the Fine and Gray competing risk model was used, as
conventional statistical methods for the analysis of survival data assume that
competing risks are absent. The Fine & Gray model was developed to deal with
competing risk data, which refer to the situation where two or more outcome variables
are competing events and the occurrence of one outcome (e.g., death) precludes the
possibility of subsequent occurrence of the other outcome (e.g., dementia) (314). In
this model death was accounted for as a competing risk by allowing individuals to

contribute person years after their death.

A competing risk is an event whose occurrence precludes the occurrence of the primary
event of interest. Therefore, death as a competing risk was examined to better
understand the association between dementia incidence among the different ethnic
groups. Since early death of patients influences the cumulative incidence of dementia,
the difference in mortality rate between the different ethnic groups could influence the

ratio of cumulative dementia incidence.

The Fine & Gray competing risk model is able to fit the cumulative incidence function

(CIF) for dementia when accounting for death as competing risk. With further
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modelling for the effects of covariates the estimated subdistribution hazard ratio
between the different ethnic groups for an event can be obtained and this would
therefore be directly linked to the ratio of cumulative incidence of that event.
Therefore, a higher subdistribution hazard of dementia in one group would mean a

higher cumulative incidence of dementia in that group.

In studies where two competing risks are present, two different hazard regression
models are available: modelling the cause-specific hazard and modelling the
subdistribution hazard function (311, 312). The subdistribution hazard, hks (t), is the
instantaneous risk of dying from a particular cause k given that the subject has not died

from cause k.

hy (t} — lim P{r{T{t+5t~K:k|T_}t or (T<t & K+#k)
: dt—0 at

Whereas the cause-specific hazard, hk (t), is the instantaneous risk of dying from a

particular cause k given that the subject is still alive at time t. Prentice et al. (1978).

P(t<T<t+ot,K=k|T>t
hg{t]:éﬁm{ (£ 7 < Fa: 7= }

t—0

Sk(t) = exp /hk{u}du

Both models account for competing risks but do so by modelling the effect of
covariates on different hazard functions. The subdistribution hazard has no
resemblance to an epidemiological rate as individuals that die from other causes
remain in the risk set (312). Consequently, each model has its unique interpretation
(312). The difference between cause-specific and subdistribution hazards is termed the
risk set. Subdistribution hazards account for competing events by altering risk set but
due to a direct link between subdistribution hazard and CIF the effect of covariates can

be examined (311, 312).
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For the cause-specific hazard, the risk set decreases each time there is a death from
another cause — censoring however, with the subdistribution hazard subjects that die
from another cause remain in the risk set and are given a censoring time that is larger

than all event times (311, 312).

In this study the cause specific hazard ratios and subdistribution hazards ratios were
modelled for dementia and death as competing risks. Cumulative incidence risk plots
of dementia were also calculated to better understand the difference in mortality rate
between the different ethnic groups. The cumulative incidence function, Ck (t), gives
the proportion of patients at time t who have died from cause k accounting for the fact
that patients can die from other causes.

t - time

hy - cause-specific
hazard

r X - vector of
iat
Ck{t} — [hk{u X}SEU]dU covariates
.El S - overall survival
function

—_—

The STATA 15 package (StataCorp, College Station, Texas, USA) was used for all

statistical analyses conducted in this study.

2.3.3 Handling of missing data

In this study the absence of a record was equivalent to not having the event, disease or
diagnosis. If no record was found in CPRD relating to a disease/diagnosis e.g. Heart
Failure, CHD, stroke or cerebrovascular disease, patients were considered as a “non-
case, i.e. not having the disease of interest”. Missing data on ethnicity was
supplemented using HES ethnicity data. Where ethnicity coding was missing these
cases were excluded from the cohort and a complete case analysis method was used in

this study.
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CHAPTER 3 — RESULTS
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This chapter presents the results of this study, which include the baseline demographic
characteristics in each of the ethnic categories, White, Black, South Asian, East Asian
and Mixed groups. The distribution of demographic data for each of the ethnic groups
(age and sex), lifestyle variables and relevant cardiovascular disease risk factors are

presented in tables in this chapter.

Dementia was ascertained as overall dementia, probable AD, possible AD and other
dementia forms and is presented in this chapter. The incidence rate for dementia in
each of the ethnic groups was calculated using the person-years at risk as the
denominator. Individuals were followed up from cohort entry to diagnosis of dementia,

death date, transfer out data, or end of observation period, whichever came first.

Logistic regression methods were used to evaluate the association of cardiovascular

risk factors, including lifestyle risk factors between the different ethnic categories.

Cox regression models were used to examine the association between ethnicity and
development of incident dementia. The hazard ratios (HR) and 95 % CIs of incident
Dementia in each of the different ethnic cohorts was calculated. The crude hazard
ratios for Dementia as well as the adjusted hazard ratios for age, are presented in this
chapter. Multivariable Cox regression analysis was used to further adjust the model
for the confounding effects of the cardiovascular clinical covariates and a further
model which adjusted for Index of multiple deprivation (IMD) and Education are

presented in the tables.

The last section of this chapter examines death as a competing risk in the study. Using
the Fine and Gray competing risk models with cause-specific HR (csHR) for dementia
were calculated, along with the cumulative incidence risk plots of dementia accounting

for death as a competing risk and death in each of the ethnic groups.
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3.1 Demographic Characteristics

3.1.1 Cases Identified

The main study cohort was extracted in October 2016 and included a total of 5,272,717
patients, 79.3% of these patients had missing ethnic data recording. 267,881
participants were excluded due to data inconsistencies, this included an inconsistent
date of birth, inconsistent death dates when cross referenced with other linkage datasets
for the same participant and failing to fall within the observation entry criteria. 27,191

were excluded from the study due to an already established dementia diagnosis.

The initial cohort was then further restricted to those patients with an ethnic code to
enable a complete case analysis. This reduced the sample size to 1,091,242 million
patients in this study as those individuals without an ethnic coding were removed from
this study. There were a total of 174,546 cases of ascertained dementia, which included
any definitive, probable or possible dementia cases with a mean duration of follow up

of 18.2years.

3.1.2 Baseline Characteristics

Overall, in terms of sex distribution, within the study, 46.6% were male and 53.4% female.
89.9% of the individuals were of White ethnic origin; the next largest ethnic group was
the South Asian ethnic group, followed by the Black ethnic group, 5.25% and 3.37%
respectively. The East Asian group ethnic group represented less than 1% (0.78%) of the
entire study cohort and the Mixed group represented 0.68% of the cohort. There was also
a good distribution of individuals between the 50-90 age groups. Table 8 below illustrates

the distribution of individuals by sex, age and ethnicity at cohort entry.
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Table 8 Distribution of individuals in this study, by sex, age group and ethnicity

at cohort entry
Sex Males Females
n 508,718 582,524
(%) (46.6) (53.4)
Age Group [50-60] [60-70] [80-90] [90+]
n 315,132 276,953 238,599 65,949
(%) (28.9) (25.4) (21.9) (6.0)
Ethnicity White  Black Oouth  East . ed Total
Asian Asian
n 981,319 36,772 57,131 8,545 7,475 1,091,242
(%) (89.9) (3.4) (5.2) (0.8) 0.7) (100)

Baseline characteristics of those included in the study are further summarized in Table

9 on the next page, which includes the total patients in each ethnic group by gender,

age group and mean age including mean age of death. The number of dementia cases

in each ethnic cohort is also summarized by gender, mean age including mean age of

death in each cohort.

91



Table 9 Baseline summary statistics, by frequency and percentage

Ethnic Group White Black South East Mixed Total Cohort
Asian  Asian n=1,091,242
Gender
Female
n 525,790 19,131 28,612 5,011 4,000 582,524
(%)  (53.6) (52.0) (50.1) (58.6) (53.5) (53.4)
Male
n 455,539 17,651 28,519 3534 3475 508, 718
(%) (46.4) (48.0) (49.9) (414) (46.5) (46.6)

Age Group n (%)

[50-59] 265,830 19,714 22,081 3,755 3,752 315,132

(272)  (53.6) (38.7) (43.9) (50.2) (28.9)
[60-69] 248,088 8,096 16,529 2373 1,876 276,953
(253)  (22.0) (28.9) (27.8) (24.9) (25.4)
[70-79] 219,640 5619 10,863 1,340 1,137 238,599
(22.4)  (153) (19.0) (157) (15.2) (21.9)
[80-89] 184,033 2,892 6206 871 607 194,609
(188) (7.9 (10.9) (102) (8.1) (17.8)
[90+] 63,728 451 1452 206 112 65,949
65 (12 (25 (24 (1.5 (6.04)

Mean age 69.6 62.2 65.2 64.2 62.7
SE  (12.4) (10.5) (11.1) (11.1) (10.5)

Mean age of death 81.1 73.8 77.2 79.2 75.8
(SD) (10.2) (10.8) (11.2) (10.9) (11.3)

White Black South East Mixed Total

Dementia Cases Asian  Asian n=174,546

n 170,991 1,868 3,228 986 373

Gender
Female (n) 106,072 942 1,740 581 199

Male (n) 64,919 926 1,488 405 174

by mean age 81.8 76.3 78.7 80.3 77.9
(SD) (8.6) (9.4) 9.5) (8.9 (10.2)

by mean age of death 85.0 81.1 83.9 82.8 83.3
(SD) (7.5) (7.9) (8.2) (8.4) (8.5)
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Notes: Statistics displayed as number (%), Mean age (years), SD (standard deviation). SE
(standard error)

Overall, the White ethnic group was found to have an older mean age group at baseline
than all other ethnic groups (69.6yrs) and the black ethnic group had the youngest
mean overall age (62.2yrs). The mean age of onset of dementia was older for the
White and East Asian ethnic group, 81.8 years and 80.3 years respectively, when
compared to the South Asian ethnic group (78.7 years), with the youngest mean age
of onset of dementia found in the Black ethnic group (76.3 years). It is important to
recognize that results can be confounded considerably by the different age structures
within each ethnic group, which needs to be taken into account when drawing

inferences.

The mean age of death in this study was found to be the highest in the in White ethnic
population (81.1years) followed by the East Asian ethnic group (79.2years) and the
South Asian (77.2 years). The Black ethnic group had the lowest mean age of death
(73.8 years). The mean age of death in those with diagnosed dementia was 85.0 years
in the White group, followed by the South Asian group (83.9years), East Asian ethnic
group (82.8years) and Black ethnic group (81.1years).

Table 10 Baseline Summary of Cardiovascular risk factors between Ethnic Groups

by number (n) and (%)
Ethnic Group White Black  South East  Mixed
Asian  Asian
n 981,319 36,772 57,131 8,545 7,475
(79) (89.9) 33) (52) (0.8 0.7)
Heart Failure 2,985 71 157 14 15

(0.3) (0.2) (0.3) (0.1) (0.2)

Diabetes 119,343 6,758 13,393 1,100 1,161

(122)  (184) (234) (129) (15.5)
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Coronary Heart Disease 265,268 2,040 8,012 623 647
(16.7) (5.6) (14.0) (7.3) (8.7)
Atrial Fibrillation 48,834 347 1,131 146 120
(4.9) (0.9) (1.9) (1.7) (1.6)
Stroke 33,577 518 1,193 137 117
(3.4 (1.4) 2.1 (1.6) (1.6)
Cerebrovascular Disease 49,983 692 1,626 182 171
(5.1) (1.9) (2.9) (2.1) (2.3)
Blood Pressure
Mean Diastolic BP 79 82 79 78 80
(SE) (8.5) (16.3) (8.2) (8.7) (8.5)
Mean Systolic BP 135.6 135.7 132.8 129.9 132.4
(SE) (15.5) (15.0) (14.2) (15.6) (14.7)
Plasma Cholesterol
Normal Cholesterol 658,385 24,347 40,585 5,036 4,928
(< 4.9mmol) (67.01) (66.2) (71.0) (58.9) (65.9)
High Plasma Cholesterol 69.845 1,601 2,526 475 405
(<5.0mmol)
(7.1) (4.4) (4,4) (4.9) (5.4)
Missing information 253,089 10,824 14,020 3,084 2,142
(25.8) (29.4) (245) (36.1) (28.7)
Life style & Other Risk Factors
Smoking
Non-smoker 454,978 23,031 37,485 5,584 4,016
(46.3) (62.6) (65.6) (65.4) (53.7)
Ex-smoker 262,644 4,179 7,227 1,042 1,261
(25.7) (11.4 (12.7)  (12.2)  (16.9)
Smoker 187, 868 4,685 6,798 926 1485
(19.1) (12.7) (1190 (1L1.3) (19.9)
Missing information 76,729 4,877 5,621 957 713
(7.8) (13.3) (9.8) (11.2) 9.5
BMI Categories
<18.5 13,718 169 652 193 69
(1.4) (0.4) (1.1) (2.2) (1.3)
18.5-25 223, 541 5,229 13,544 3,374 1,736
(22.7) (14.2) (23.7) (394) (23.2)
25-30 259,589 9,583 16,209 1,827 2,244
(26.4) (26.0) (28.3) (21.3) (30.0)
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>30 181, 534 9,035 8,956 475 1,453
(18.5) (24.5) (15.6) (5.5 (19.4)
Missing information 302, 937 12,756 17,770 2,676 1,973
(30.8) (349) (31.1) (3L1.3) (264
Alcohol

Non-Drinker 190,626 6,272 7,588 1,404 1,461
(19.4) (17.0)  (13.2) (16.4) (19.5)

Light Drinker 163, 196 2,577 4,097 522 802
(16.6) (7.1) (7.1) (6.1) (10.3)

Moderate Drinker 94,853 1,012 2,126 180 366
(9.6) (2.7) (3.7 (2.1) 4.9

Heavy Drinker 15,738 187 396 25 59
(1.6) (0.81) (0.69) (0.79)  (0.79)
Missing information 515,906 26,722 42,924 6,414 4,787
(52.6) (72.6)  (75.1) (75.0) (64.0)

IMD Categories

1 (least deprived) 207,474 1,843 9,508 1,749 1,056
(21.1) (5.0) (16.6) (20.4) (14.1)
2 203,719 3,208 10,350 1,534 1,179
(20.7) (8.7) (18.1) (1790  (15.7)
3 208,609 7,722 12,039 1,703 1,581
(21.2) (21.0)  (21.0) (19.9) (21.1)
4 170,855 10,182 11,885 1,838 1,598
(17.4) (27.7)  (20.8) (21.5) (21.3)
5 (most deprived) 153,498 13,171 12,329 1,560 1,955
(15.6) (35.8) (21.6) (18.2) (26.1)

Missing Information 37,164 646 1,020 161 106
(3.8) (1.7) (1.8) (1.9) (1.4)

Education

No education 164,473 6,204 8,564 1,004 961
(16.7) (16.7) (149) (11.7) (12.8)
High School up to 18yrs 346,218 18,405 23,626 3324 3304
(35.2) (50.0) (41.3) (38.9) (442

Diploma or equivalent 165,172 7,740 12,110 1842 1681
(16.8) (21.0)  (21.2) (21.5) (22.5)
Undergraduate degree o 148841 3076 9630 1663 1243

igher

(15.2) (8.4) (16.9) (19.4) (16.6)
Missing information I (5165’_691)5 g"% ? 52%; (782,2) (23886)
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Within this study the White ethnic group had a greater percentage of individuals with
a record of coronary heart disease (16.7%) followed closely by the South Asian
ethnic group (14.0%). The White ethnic group were also found to have the highest
percentage of individuals with diagnosed AF (4.9%), Cerebrovascular disease
(5.1%), stroke (3.4%) and hypercholesterolaemia (7.1%) compared to all other ethnic

groups.

The South Asian ethnic group had the highest percentage of patients with diagnosed
diabetes 23.4% than any other ethnic group. Both the White and South Asian ethnic
group were found to have overall the largest percentage of individuals with a
recording of Heart Failure (0.3%) with the lowest found in the East Asian ethnic
group (0.1%).

The Black ethnic group were identified to have the largest number percentage of
individuals with the highest BMI category >30 (morbidly obese) 24.5%, with the
East Asian ethnic group containing the largest percentage of individuals with a BMI

recording of <18.5 (2.2%) compared to the other ethnic groups.

Where lifestyle risk factors are considered, the White ethnic group were found to
have the highest percentages of ex-smokers (25.7%) and the Mixed and White ethnic
group had a larger percentage of smokers (19.9%) and (19.1%) respectively
compared to the other ethnic groups. Furthermore, the White ethnic group had the
greater number of participants with alcohol consumption in the moderate- heavy
categories. However, there are a significant amount of missing data in the latter

category and any inference must be applied with caution.

Overall, the greatest deprivation (level 5) was seen amongst the Black and South
Asian and Mixed ethnic groups, 35.8%, 21.58% and 26.1% respectively. The South
and East Asian ethnic groups had achieved an undergraduate degree or higher, 16.8%

and 19.4% respectively when compared with the Black ethnic group 8.3%.

The distribution of missing values was similar across the different ethnic groups for
smoking, IMD and BMI. There was approximately 30% missing BMI information
across each of the ethnic categories, with a greater percentage missing overall within
the Alcohol categories at approximately 50% for the White Ethnic group and

approximately 75% missing values in the other ethnic groups. There were between
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8-13% missing values in the smoking category and approximately <4% missing IMD

information across the different ethnic groups.

3.2 Incidence rates of Dementia amongst the different
ethnic groups

There were a total of 174,546 ascertained cases of dementia (16.6%) within this cohort.
The overall unadjusted incident rate of dementia in this cohort was 8.30 per 1,000
person years [95% CI 8.25-8.34) and after adjusting for sex the incidence of dementia
was found to be greater amongst females than males 9.65 per 1,000 person years [95%
CI 9.59-9.71] and 6.79 per 1,000 person years [95% CI 6.73-6.84] respectively. As
expected, the incidence rate for dementia increased with age in all ethnic groups up to
the age of 90 years. However, the incident rate further increased in all ethnic groups
beyond 90+ years, with the exception of the White ethnic group which showed a slight

decrease in dementia incidence trends at 90+ years.

The incident dementia rates in the female South Asian and Black ethnic groups in the
80-90 year age group [12.24 and 12.22 per 1,000 person years respectively], were
similar to the incident dementia rate seen in the White and East Asian ethnic group at
a younger age group 70-80 years [10.52 and 10.44 per 1,000 person years

respectively].

Table 11 Overall unadjusted Incidence rates of Dementia diagnosis per 1,000 person
years in the UK by ethnic group between 1996-2016.

Ethnic Group Incident Dementia [95% Conf. Interval]
White 8.95 [8.90-8.99]
Black 245 [2.45-2.33]
South Asian 2.68 [2.58-2.77]
East Asian 5.71 [5.35-6.09]
Mixed 2.37 [2.13-2.63]
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Table 12 Incidence rates of Dementia diagnosis per 1,000 person years in the UK by
ethnic group between 1996-2016, stratified by age and gender.

Ethnic Group White Black South Asian East Asian
Age Group FEMALES Incidence Rate [95% Conf. Interval]
50-60 0.68 0.29 0.28 0.30
[0.65-0.71] [0.22-0.38] [0.21-0.36] [0.17-0.51]
60-70 1.99 1.41 1.00 1.29
[1.93-2.04] [1.18-1.69] [0.86-1.17] [0.93-1.79]
70-80 10.52 5.3 4.49 10.44
[10.38-10.67] [4.74-5.93] [4.09-4.92] [8.84-12.34]
80-90 31.18 12.24 12.22 35.58
[30.91-31.46]  [10.99-13.64] [11.33-13.19] [31.53-40.16]
90+ 29.44 13.11 13.89 42.19
[29.04-29.86]  [10.02-17.17]  [12.09-15.94] [33.89-52.53]
Age Group MALES Incidence Rate [95% Conf. Interval]
50-60 0.81 0.35 0.32 0.51
[0.78-0.85] [0.28-0.38] [0.26-0.41] [0.31-0.83]
60-70 2.51 1.51 1.30 2.19
[2.45-2.57] [1.26-1.83] [1.13-1.49] [1.61-2.97]
70-80 9.54 9.19 5.20 12.05
[9.39-9.68] [8.30-10.17 [4.76-5.68] [10.45-14.95]
80-90 24.53 11.94 10.21 32.71
[24.24-24.82]  [10.58-13.48] [9.34-11.15] [28.11-38.05]
90+ 22.30 12.16 11.03 31.58
[22.30-23.37]  [9.05-16.34]  [9.02-15.95] [22.62-42.47]

Figures 5 and 6 below show that the incidence of ascertained dementia by ethnic group
stratified by age group and sex. Dementia incidence was the highest in the East Asians
overall, followed by the White ethnic groups and lowest among the Black and South
Asian ethnic groups
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Figure 5 Incident rate of Dementia Diagnosis per 1,000 person years, amongst
Females per ethnic group by age group in years
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Figure 6 Incident rate of Dementia Diagnosis per 1,000 person years, amongst Males
per ethnic group by age group in years.
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3.3 Association of incident dementia and ethnicity

Table 13 below illustrates the models conducted using Cox regression analysis aimed
at evaluating the association of ethnicity and incident dementia in the UK between
1996-2016. Model 1 was initially adjusted for age and sex and Model 2 was further
adjusted for covariate risk factors. Model 3 is the fully adjusted model which adjusted
for all covariates of interest including socioeconomic status using the Index of Multiple

Deprivation scores (IMD) and Education categories.

Table 13 Dementia Incidence, Hazard Ratios (HR) and (95% CI) displayed for each
model in each ethnic group

Model 1 Model 2! Model 3*
Incident Incident dementia, Ifrlilclldzrét.j;r:;rfl:ra’
. dementia, adjusted for y adjust

Ethnic Group . . : covariate risk

adjusted for age covariate risk factors, including

and gender factors IMD ar’ld education
White 1 1 1
Black 0.51 (0.49-0.54) 0.81 (0.73-0.90) 0.83 (0.74-0.93)
South Asian 0.43 (0.41-0.44) 0.53 (0.48-0.58) 0.55 (0.49-0.61)
East Asian 1.09 (1.02-1.16) 1.27 (1.07-1.50) 1.14 (0.93-1.42)
Mix 0.48 (0.43-0.54) 0.73 (0.60-0.89) 0.75 (0.60-0.93)

# Model 2 -adjusted for the following covariate risk factors; CHD, BP Blood Pressure (Diastolic Blood
pressure >90mmHg or Systolic BP >140mmgHg), BMI, Stroke, AF, HF, Diabetes,
+ Model 3 adjusted for covariate risk factors (as above) and additionally adjusted for IMD and

Education.

Model 1 show that the East Asian ethnic group were most likely to be at risk of incident
dementia [HR 1.09, (95% CI 1.02-1.16)] when compared to the white ethnic group after
adjusting for age and sex. Model 2 upon further adjustment for each covariate risk
factors examined in this study found that the Black and South Asian ethnic groups had
a lower incidence of dementia than the White ethnic group [HR 0.81, (95% CI 0.73-
0.90) and [HR 0.53 (95% CI 0.48-0.58)] respectively. The East Asian ethnic group
remained at higher risk of incident dementia when compared to the white ethnic group

[HR 1.27 (95% CI 1.07-1.50)].
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The fully adjusted Cox regression model (adjusting for all covariates including,
socioeconomic status and education) revealed a lower risk of incident dementia in the
Black [HR 0.83 (95% CI 0.74-0.93)] and South Asian ethnic groups [HR 0.55 (95%
CI 0.49-0.61)], whereas the excessive risk in East Asian ethnic group was no longer

found to be significant [HR 1.14 (95% CI1 0.93-1.42)].

3.4 Association of demographic, cardiovascular
disease and lifestyle factors with risk of dementia

Cox regression analysis showed overall females were at an increased risk of
developing incident dementia [HR 1.10 (95% CI 1.09-1.12)] and risk increased with
increasing age [age group 70-80 HR 15.56 (95% CI 15.07-16.07); age group 80-90
[HR 37.85, (95% CI 36.67-39.08)] and age group 90> [HR 29.85, (95% CI 28.90-
30.09)].

A diagnosis of coronary heart disease and cerebrovascular disease were also found to
significantly increase the risk of developing dementia [HR 1.25, 95% CI 1.23-1.26 &
HR 1.66, 995% CI 1.62-1.690 respectively]. Similarly, hypercholesterolaemia (level
>5mmol/L) [HR 1.07, (95% CI 1.05-1.10)], diagnosed stroke [HR 1.06, (95% CI 1.03-
1.08)], being categorised as an ex-smoker [HR 1.1 (95% CI 1.08-1.13)] and current
smoker [HR 1.15 (95% CI 1.11-1.18)] were also associated with an increased risk of
developing dementia. An increased systolic Blood Pressure above 170mmHg [HR
1.36, (95% CI 1.20-1.54)] and a diagnosis of diabetes [HR 1.07, (95% CI 1.05-1.08)]
was also associated with an increased risk of developing dementia and diagnosis of

diabetes.

A BMI of <18.5 was shown to increase the risk of dementia by 49% [HR 1.49, (95%
CI 1.40-1.58)] whereas a higher BMI >30 was not shown to increase the risk [HR 0.53,
(95% C10.52-0.55)].
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3.5 Cardiovascular disease and lifestyle risk amongst
different ethnic groups

Logistic and Ordinal regression analysis (shown in Table 14) show that the South
Asian ethnic population were 11% more likely to have diagnosed CHD than the White
ethnic group [OR 1.11 (95% CI 1.09-1.43)] and almost 2.5x the risk of diagnosed
diabetes than the White ethnic group [OR 2.49 (95% CI 2.22-2.54)]. Diagnosed
hypertension was found to be 36% more likely in the Black Ethnic group when
compared to the White Ethnic group [OR 1.36 (95% CI1.33-1.39)] and this ethnic
group was also found to be at 2 times the risk of diagnosed diabetes compared to the

White ethnic group [OR 1.98 (95% CI11.93-2.04)].

The Black ethnic minority were 54% more likely to have a higher BMI category than
the White ethnic minority group [OR 1.54 (95% CI 1.50-1.57)]. The South Asian and
Black ethnic group were found to have a 31% and 21% higher risk of developing HF
respectively than the White Ethnic group [OR 1.31 (95% C 11.12-1.55)] and [OR 1.21
(95% CI 0.95-1.53)] respectively.

The Black ethnic minority 2.72 times more likely to be in a higher social deprivation
category than the White ethnic group [OR 2.72 (95% CI 2.68-2.77)]. The South Asian
and East Asian ethnic groups were also 29% and 10% respectively more likely to be
in a higher social deprivation category than the White ethnic group [OR 1.29 (95% CI
1.27-1.30) and [OR 1.10 (95% CI 1.06-1.14)].

Lifestyle factors such as smoking and alcohol consumption were found to be protective
in all other ethnic groups when compared with the White ethnic group [Black ethnic
group , OR 0.30 (95% CI 0.29-0.32), South Asian OR 0.35 (95% C1 0.34-0.36)], [East
Asian OR 0.37 (95% CI 0.34-0.39)] and [Black ethnic group OR 0.30 (95% CI 0.29-
0.32)], [South Asian OR 0.47 (95% C1 0.45-0.49)], [East Asian OR 0.29 (95% CI 0.27-
0.32) ] [Mixed OR 0.46 (95% CI1 0.43- 0.50)] respectively.

The Black ethnic minority group were also found to be 0.29 times more likely to be in
a lower education category than the White ethnic group [OR 0.29 (95% CI 0.28-0.29)].
The South Asian and East Asian ethnic group were also found to be 0.74 times and
0.85 times more likely to be in a lower education category than the White ethnic group

[OR 0.74 (95% C10.73-0.75] and [OR 0.85 (95% CI 0.81-0.89] respectively.
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Table 14 Odds Ratios (ORs) with 95% CI intervals for individual cardiovascular and other risk factors in different ethnic groups.

Clinilg?slkaggcltgizstyle Ethnic Group
Black South Asian East Asian Mixed
OR (95%CD+ p-value  OR (95%CD+ p-value OR (95%CI)+ p-value OR (95%CI)+ p-value

Diabetes 1.98 (1.93-2.04) 249 (2.22-2.54) 1.26 (1.18-1.34) 1.60 (1.51-1.71)
p<0.001 p<0.001 p<0.001 p<0.001

Stroke 0.68 (0.63-0.75) 0.82 (0.77-0.87) 0.67 (0.57-0.80) 0.74 (0.61-0.89)
p<0.001 p<0.001 p<0.001 p<0.001

CHD 0.47 (0.45-0.50) 1.11 (1.09-1.43) 0.56 (0.52-0.61) 0.77 (0.71-0.84)
p<0.001 p<0.001 p<0.001 p<0.001

HF 1.21 (0.95-1.53) 1.31 (1.12-1.55) 0.86 (0.51-1.45) 1.21 0.73-2.01)

Hypercholesterolaemia

Hypertension

p=0.121

0.53 (0.51-0.56)
p<0.001

1.36 (1.33-1.39)

p=0.001

0.54 (0.52-0.57)
p<0.001

0.83 (0.81-0.84)

p=0.571

0.68 (0.61-0.5)
p<0.001

0.69 (0.65-0.73)

p=0.462
0.68 (0.61-0.75)

p<0.001
0.94 (0.54-0.59)



Smoking

IMD

Alcohol

BMI

Education

p<0.001
0.35 (0.34-0.36)
p<0.001
2.72 (2.68-2.77)
p<0.001
0.30 (0.29-0.32)
p<0.001

1.54 (1.50-1.57)
p<0.001

0.29 (0.28-0.29)
p<0.001

p<0.001
0.35 (0.34-0.36)
p<0.001
1.29 (1.27-1.30)
p<0.001
0.47 (0.45-0.49)
p<0.001

0.83 (0.81-0.84)
p<0.001

0.74 (0.73-0.75)
p<0.001

p<0.001
0.37 (0.34-0.39)
p<0.001
1.10 (1.06-1.14)
p<0.001
0.29 (0.27-0.32)
p<0.001

0.32 (0.30-0.33)
p<0.001

0.85 (0.81-0.89)
p<0.001

p=0.030
0.60 (0.57-0.64)
p<0.001
1.55 (1.49-1.61)
p<0.001
0.46 (0.43- 0.50)
p<0.001

0.94 (0.90-0.99)
p=0.012

0.57 (0.53-0.59)
p<0.001



3.6 Cumulative incidence for dementia in each ethnic
group when accounting for death as a competing
risk.

The cumulative incidence function (CIF) curves for dementia show that overall, the
White and East Asian ethnic groups had higher cumulative incidence of dementia than
the Black and South Asian ethnic group when accounting for death as a competing
risk. However, the South Asian and Black ethnic groups were found to show little
difference in the cumulative incidence of dementia when accounting for death as a
competing risk (Figure 7). The CIF curves for Death show that the White and South
Asian ethnic groups had a higher cumulative incidence of death than the East and
Mixed ethnic groups. The cumulative incidence function plots for Dementia and Death

among the different ethnic cohorts are illustrated in Figure 7 and 8 respectively.
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Figure 7 Cumulative incidence function plots for Dementia in the presence of death
as a competing risk between the different ethnic groups.
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Competing Risks Regression (Death)
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Figure 8 Cumulative incidence function plots for Death between the different ethnic
groups.

3.7 Competing Mortality risk in each ethnic cohort

Cox regression methods were used to investigate the cause specific hazard ratios for
dementia and Fine and Gray subdistribution hazard ratios were obtained for dementia
whilst accounting for death as a competing event. Table 15 shows the competing
mortality risks models, Model 1 which tabulates the cause specific Hazard Ratios (95%
CI) for Dementia and Death by ethnic group and Model 2 shows the Sub distribution
hazard ratios (95 % CI) for Dementia (with death as a competing risk) and Death by

ethnic group.
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Table 15 Competing mortality risks, cause specific HRs (95% CI) for dementia and
death by ethnic group (Model 1) and subdistribution hazard ratios (95% CI) for
dementia and death (Model 2).

Model 1: Cause specific Hazard Ratio (95% CI) for Dementia and Death by ethnic group
compared to the White ethnic group. '

Ethnic
Group  White Black South Asian East Asian Mixed
Dementia 1.0 0.83 0.56 1.14 0.75
(0.74-0.93) (0.49-0.61) (0.93-1.42) (0.60-0.93)
Death 1.0 1.01 0.98 0.99 1.00
(0.99-1.03) (0.96-1.01) (0.94-1.05) (0.95-1.05)

Model 2: Sub distribution hazard ratios (95 % CI) of Dementia and Death by ethnic group.'

White Black South Asian East Asian Mixed
Dementia 1.0 0.76 0.50 1.37 0.70
g’ggf}:‘;f"gfb" (0.69-0.83) (0.46-0.55) (1.18-1.58) (0.58-0.84)
competing risk)
Death 1.0 0.72 0.92 0.42 0.74
(0.63-0.83) (0.83-0.99) (0.28-0.62) (0.58-0.96)

t covariates adjusted for in Models 1 and 2 include Age, Sex, cardiovascular risk factors (BMI, CHD, AF,
CHD, Cerebrovascular disease, Blood pressure & Cholesterol levels) and lifestyle risk factors (smoking,
alcohol, IMD and education).

The competing risk model demonstrated that the East Asian ethnic group had a higher
cumulative incidence of dementia than other ethnic groups when accounting for death as
a competing risk [sdHR 1.37, (95% CI 1.18-1.58 for East Asian compared to White
ethnicity]. The cumulative incidence rates of dementia did not significantly change

between the other ethnic groups when accounting for death as a competing risk.
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CHAPTER 4- DISCUSSION
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4.0 Summary

There were a total of 1,091.242 eligible individuals in this study, with 174,546
ascertained cases of dementia (16.6%) within this cohort. Overall, the sex differences
were not significant, with 46.6% and 53.4% males and females respectively. The majority
of individuals in this study were white in ethnic origin (89.9%) and had the oldest mean
age group compared to the other ethnic groups (69.6yrs) with the black ethnic group
having the youngest mean overall age (62.2yrs). The distribution of ethnicity across
the cohort was found to be slightly greater for the White ethnic group (89.9%) when
compared to the 2011 census of white ethnic breakdown in the UK (86%). The South
Asian of this cohort were found to be comparable to the UK 2011 Census, 5.24%
(CPRD) and 5.30% respectively. The Black ethnic group was marginally less well
represented in this study (3.37%), when compared to the 2011 census (3.7%), however,
the East Asian ethnic group was found to be comparable to the UK ethnic distribution,

according to the UK 2011 census (0.78% vs 0.7%).

Findings from this study also indicate that the mean age of onset of dementia was older
for the White and East Asian ethnic group 81.8 years and 80.3 years respectively, when
compared to the South Asian ethnic group (78.7 years) and Black ethnic group (76.3
years). Overall, the mean age of death was found to be the highest in the White ethnic
population (81.1years) followed by the East Asian ethnic group (79.2 years) and South
Asian (77.2 years), whilst the Black ethnic group had the lowest mean age of death
(73.8 years). In this study the Black ethnic group was found to die from dementia at a
younger age (81.1years) when compared to the White ethnic group (85.0 years) and
the mean age of death in those diagnosed with dementia were found to be similar

between the East Asian (82.8years) and the South Asian ethnic group (83.9 years).

More females than men were clinically diagnosed with dementia, in line with
worldwide reporting of the preponderance for the female sex to have a slightly higher
risk of developing dementia than males. Overall females were at increased risk of
developing dementia [HR 1.10 95% CI 1.09-1.12] and risk increased with increasing
age [age group 70-80 HR 15.56 95% CI 15.07-16.07; age group 80-90 [HR 37.85, 95%
CI 36.67-39.08] and [age group 90> [HR 29.85, 95% CI 28.90-30.09]. The overall

cumulative incidence of dementia was found to be greater amongst females than males
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[9.65 per 1,000 person years (95% CI 9.59-9.71)] and [6.79 per 1,000 person years
(95% CI 6.73-6.84)] respectively and increased with age in all ethnic groups up to the
age of 90 years. Cumulative incidence of dementia further increased in all ethnic

groups beyond 90+ years except in the White ethnic group.

Cardiovascular disease risk factors, such as a diagnosis of CHD [HR 1.25, (95% CI
1.23-1.26)], hypercholesterolaemia (plasma cholesterol level >5mmol/L) [HR 1.07,
(95% CI 1.05-1.10)], stroke [HR 1.06, (95% CI 1.03-1.08)], Systolic Blood Pressure
above 170mmHg [HR 1.36 (95% CI 1.20-1.54)], smoking [HR 1.15, (95% CI 1.11-
1.18)] and Diabetes [HR 1.07, (95% CI 1.05-1.08)] all increased the risk of developing
incident dementia. Cerebrovascular disease was also found to significantly increase the
risk of developing dementia by 66% [HR 1.66, 95% CI 1.62-1.69]. Interestingly a BMI
of <18.5 was shown to increase the risk of dementia [HR 1.49, (95% CI 1.40-1.58)]
which has been reported in other dementia studies (315, 316).

Overall, the South Asian and Black ethnic groups were found to have a higher burden
of cardiovascular disease than the White and East ethnic groups. The South Asian
ethnic population were 11% more likely to have diagnosed CHD than the White ethnic
group [OR 1.11 (95% CI 1.09-1.43)] and almost 2.5x the risk of diagnosed diabetes
than the White ethnic group [OR 2.49 (95% CI 2.22-2.54)]. Diagnosed hypertension
was found to be 36% more likely in the Black Ethnic group when compared to the

White Ethnic group [OR 1.36 (95% CI 1.33-1.39)].

In this study, I used the Cox proportional regression methodologies, with age as the
time-scale, in order to estimate incident dementia among the different ethnic groups
and applied the Fine and Gray model to account for death as a competing risk in order

to ascertain the cumulative incidence of dementia between each ethnic group.

The fully adjusted Cox regression model (adjusting for all covariates including,
socioeconomic status and education) revealed a lower risk of incident dementia in the
Black [HR 0.83 (95% CI 0.74-0.93)] and South Asian ethnic groups [HR 0.55 (95%
CI 0.49-0.61)], whereas the excessive risk in East Asian ethnic group was no longer

found to be significant [HR 1.14 (95% CI1 0.93-1.42)].
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The competing risk model demonstrated that the East Asian ethnic group had a higher
cumulative incidence of dementia than any other ethnic group when accounting for
death as a competing risk [sdHR 1.37, (95% CI 1.18-1.58 for East Asian compared to
White ethnicity]. However, overall cumulative incidence rates of dementia did not
significantly change between the other ethnic groups when accounting for death as a

competing risk.

In summary this study has demonstrated that there is a greater overall burden of
cardiovascular disease and diabetes amongst the Black and South Asian ethnic groups,
which is not reflected in the observed cumulative dementia incidence rates. This
finding may be suggestive of a potential overall case under ascertainment for dementia

in these populations.

Scientific reports on the association of ethnicity and dementia forms have been varied
and somewhat limiting. Whilst there has been an abundance of literature and studies
conducted on the prevalence and incidence of cardiovascular disease amongst different
ethnic groups, there have been only a handful of studies, typically of limited sample
size, evaluating the triangulation of cardiovascular disease, ethnicity, and dementia.
The need for robust evaluation on whether ethnicity is associated with the development
of dementia in later life is important to understand, given the significant rise in
dementia cases worldwide, which in turn may have potential public health impact

when trying to target high- risk groups.

The number of people with dementia is rising and predicting future trends in dementia
prevalence vary depending on underlying assumptions, differing cultural attitudes and
beliefs towards dementia as well as geographical regions. The overall increased
numbers of dementia sufferers are directly related to the unprecedented increased
longevity and population ageing (5). Many risk factors have been implicated to cluster
around health inequalities, particularly amongst the Black and Asian ethnic minority
groups. Therefore, in addition to health promotion, societal action to improve life

circumstances would be a way forward to tacking these inequalities (14).

111



4.2 Dementia Diagnosis

Dementia is now one of the main causes of disability in late life, ahead of cancer,
cardiovascular disease (CVD) and stroke (43). Dementia and Alzheimer’s disease
represented 12.9% (200,111 deaths in the UK between 2017 to 2019) (78). The
unprecedented ageing of the population seems to be the main driver of the increase in
numbers of dementia sufferers in the UK and world-wide (3). Whilst ethnicity is an
established risk factor for CVD and related factors conferring dementia risk, the
interrelationship between CVD risk, ethnicity and dementia has remained unclear and
this study aimed to address this problem. Theories that continue to emerge suggest that
ethnic differences in cardiovascular risk factors, such as hypertension and diabetes are
thought to contribute to the development of dementia (10-12), but there are no large-

scale studies evaluating this association in the UK.

The term Dementia is often used to describe a clinical syndrome without
neuropathologic verification and AD neuropathologic changes and the use of
syndrome will not capture aetiology but rather a clinical consequence of one or more
disease pathways (75). There remains the ongoing debate on the potential nosological
heterogeneity and aetiological complexity of dementia. Recently, there has been a
substantial shift in the diagnostic criteria and definitions assigned to AD and dementia
to include biological (biomarker- based) rather than a syndromal definition of AD, to

allow for a greater understanding of the mechanisms underlying its clinical expression

(75).

From a clinical perspective, subtle cognitive subjective symptoms may suggest the
onset of prodromal AD and the progression to dementia, within the next few years,
remains a challenge for clinicians. Furthermore, recent literature suggests that the pre-
clinical and prodromal disease stages represent the optimal timing for therapeutic
intervention. It is therefore of upmost importance that symptoms are picked up in a
timely referral in order to obtain a correct and early AD diagnosis, and initiation of
appropriate treatment and management (317). AD is increasingly seen as a continuum,
starting from the asymptomatic stage to clinical stages of increasing cognitive and

functional decline. Furthermore, individuals with Alzheimer’s disease show
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considerable variability in terms of clinical symptomatology, age of onset, patterns of
disease progression, degree and regional distribution of cortical atrophy, CSF levels
and other pathological markers (318). Finally, the presence of a potential nosological
heterogeneity of AD is further supported by the multiple biological pathways that
have been shown to be implicated in the development of the disease that include, in
addition to the amyloid and tau accumulation, the innate immune system, lipid

processing, insulin resistance, oxidative stress and synaptic functioning (318).

The diagnostic definition of AD was first reported in 1984 by the National-Institute of
Aging-Alzheimer’s-Association (NIA-AA) and the Neurological and Communicative
Disorders and Stroke-Alzheimer’s Disease and Related Disorder Association
(NINCDS-ADRDA) (319) . The criteria were revisited 27 years later (2011 NIA-AA
criteria) and updated to include the concept that the diagnosis of AD can only be firmly
established post-mortem by autopsy; the authors recommended the use of the terms of
possible and probable AD dementia with evidence of AD pathophysiological process

for a more accurate definition of AD in research studies.

The importance of biomarkers, such as imaging and cerebrospinal fluid markers, as
supportive evidence to increase the likelihood and accuracy of diagnosis for AD,
especially in preclinical stages and the early clinical stage of mild cognitive
impairment was recommended in the 2011 NIA-AA (287, 288), with the
neuropathological confirmation considered as the “gold standard” of definite AD
diagnosis (289). More recently, the 2018 NIA-AA Research Framework criteria went
a step further, repositioned Alzheimer’s disease as a biological (rather than solely
clinical) continuum, based on biomarker evidence of abnormal cortical burden of
amyloid, then amyloid and tau and neurodegeneration, with subsequent stages being

defined by a combination of degree of clinical severity and biomarker profiling (71).

In this study, the NIA-AA 2011 criteria were used in the formation of the diagnostic
algorithm to categorize individuals with probable and probable AD as it was assumed
that, in line with these criteria, the physician- made diagnosis of AD (when reported)
was in the observed progressive decline of memory, cognitive and functional abilities,
and in the absence of any other organic non degenerative disease. Furthermore, the use

of neuro-imaging and CSF investigations has not been in routine clinical use, in the
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UK, during the observation period of my study and is, still limited to highly specialized

centres, in the UK.

In conclusion, there are significant barriers in defining and differentiating AD and
other dementia forms, mainly in clinical but also in several research settings.
Therefore, it comes as no surprise that the possible and probable AD categories were
of relatively small sample size, compared to the size that resulted in the combination
of all cases into the dementia group, this undoubtably introducing bias to the results
generated but unfortunately is not uncommon in research studies on dementia and AD.
In this study additional dementia cases were found using coding that indicates that the
individual is being reviewed for their Dementia, for example codes such as dementia

annual review, dementia monitoring plan agreed, referral to dementia care advisor.

Despite the advancing diagnostic and classification frameworks used in AD and
dementia, there remains several challenges with diagnosing dementia in primary care
(320). Research suggests that GPs seem to remain reluctant in diagnosing individuals
with AD, primarily due to lack of confidence in skillset and knowledge depth for
diagnosing dementia subtypes and AD and the lack of specific therapies for the
different dementia forms (321). Diagnosis and the recording of a diagnosis is further
reflected by the manner in which GPs compute medical information into EHR
databases. A recording of a dementia diagnosis in the clinical records in primary care
requires both recognition of the problem by the clinician and the entry (coding) of a
diagnosis on the medical record (279). The majority of the medical codes entered are
usually non-specific, without any suggestion for the type of Dementia. GPs have the
ability to also provide information on Dementia in the form of a free text rather than a
diagnostic code in electronic records. Dementia diagnoses entered in free medical
notes are usually not captured by researches, as they usually tend to rely on diagnostic
and accurate coded information (279). It has also been reported that GPs are sometimes
reluctant to diagnose dementia, as they assume the patient would not wish to receive
the diagnosis because of stigma (322) or because of their own feelings that a diagnosis
is pointless (323). In a study of Irish and Swedish GPs the practitioners reported
relying heavily on family members or patients bringing to their attention any concerns
regarding memory loss and cognitive impairment problems, with most GPs reporting

a reluctance to diagnose and several acknowledging going to considerable lengths to
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avoid using the word 'dementia' despite feeling that an early diagnosis of dementia

was important (323).

Dementia remains a clinical syndrome and therefore the diagnosis is very much reliant
on the clinician’s clinical judgement and awareness of dementia, AD and the relevant
diagnostic criteria (324). In addition, the ability to differentiate between various
subtypes of dementia can be rather challenging for the clinician, especially given the
unavailability of biomarker-related technologies and tools in clinical practice. The
majority of individuals who present with cognitive impairment usually have multiple
physical health comorbidities that the GP is managing, making it more challenging to
decide with precision what the specific neurodegenerative disease subtype may be or
attempt to evaluate subjective memory complaints to assess pre-clinical AD stages
(307). It also remains unknown how vascular risk factors are associated with changes

in AD pathology and/or clinical status, over time (325).

The increased prevalence of mixed pathologies related to dementia and AD on post-
mortem studies of dementia (including AD) patients, over the age of 75 can further
complicate the definite clinical diagnosis of dementia sub-types (326, 327). It has been
well established that mixed pathologies (amyloid, tau, micro and other vascular
pathological features and Lewy bodies) co-occur in the majority of patients with
dementia over the age of 75 (328). There are also several phases of AD staging that
are being proposed, from the asymptomatic stage I to various stages based on the
degree and extent of memory and cognitive decline. The term of “Suspected Non-
Alzheimer’s disease Pathophysiology” has been employed to define asymptomatic or
early symptomatic individuals with evidence of neurodegeneration but with not of
abnormal amyloid or tau cortical burden(329). Furthermore, the co-occurrence of
mixed pathologies (amyloid, tau, micro and other vascular pathological features and
Lewy bodies) in the majority of dementia patients over the age of 75 has been well
documented (328, 330, 331). Other studies have also shown that AD pathology and
vascular disorders, including concomitant cerebral vascular pathology, often co-exist

in late-onset AD (51, 69) .

Individuals from the Religious study and the Rush Memory and Aging Project, that
included 483 autopsied probable AD and MCI cases, found that about 45 % of those
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165 individuals have mixed pathology, the most common being macroscopic infarcts
(330). Similarly, the longitudinal Cambridge city over-75s cohort (CC75C) study
found that 22 % of the 213 included autopsied participants had mixed dementia mainly
consisting of Alzheimer type and cerebrovascular pathology, especially micro infarcts
(332). Matthews et al (2009) used the CFAS prospective longitudinal study with
information on 456 autopsied brains and found that multiple pathologies mainly

determine the overall burden of dementia rather one specific pure pathology.

In a more recent study in 2019 the findings from a large cohort of 433 cognitively
normal participants who were classified into four biomarker groups using their
baseline amyloid (A+/—) and tau status (T+/—) and with 184 participants undergoing
serial CSF collection found that vascular risk factors are associated with longitudinal
changes in cerebrospinal fluid tau markers and cognition in preclinical Alzheimer
disease (325). The authors assessed risk factors with AD biomarker profiles,
longitudinal CSF biomarker changes, and cognition in this cohort and found the
following 1) Normal-to-low BMI (i.e. BMI =30) was associated with abnormal t-tau
and p-tau at baseline; 2) Cardiovascular disorders occurred more frequently in
individuals with abnormal amyloid and tau at baseline; 3) Hypertension and a higher
Framingham Risk Scores (FRS) were associated with a faster increase in tau levels
over time in individuals with abnormal amyloid and tau at baseline; and 4) In the A+T+
group, a higher FRS was associated with lower MMSE scores and a faster rate of
decline (325). The study authors also reported that cardiovascular disorders, including
carotid artery stenosis and congestive heart failure, occurred more frequently in

individuals with preclinical AD compared to individuals with normal AD biomarkers.

Imaging-to-autopsy comparison studies have established that amyloid PET imaging is
a valid in vivo surrogate for b- amyloid deposits (in brain parenchyma or vessel walls)
(333, 334). It is also now widely accepted that CSF Ab42 (or the Ab42/40 ratio) is a
valid indicator of the abnormal pathologic state associated with cerebral b-amyloid

deposition (335).

In summary, there remains significant gaps in our understanding of the nosological
boundaries, heterogeneity and definitions of Dementia, VD and AD and consequently,

this makes the standardization and comparability of studies complicated and more

116



challenging. There continues to be significant challenges for the physicians when
attempting to diagnose dementia, due to the complexity of the disease and therefore

subsequent recording in EHRs which can contribute to case under ascertainment.

4.2 Ethnicity

An ethnic group, or ethnicity, is a category of people who identify with each other,
usually on the basis of a presumed common genealogy or on similarities such as

common language, history, society, culture or territory.

4.2.1 Data Recording and Ethnicity

During the last 20 years, increasing numbers of general practitioners and hospitals
have used computers to store patients medical records for various administrative
functions (336). CPRD is a major provider of routinely linked primary care and other
patient data in England and linkage to other datasets increases the information
available on patient care, diseases and conditions (289). Approximately half of the UK
CPRD practices have agreed to participate in the CPRD linkage scheme. The linkage
process involves linking the patient level data from participating practices to other data

sources, via a secure third party (286).

Ethnicity is self-reported in the CPRD database and captured only when a patient
attends the GP or a hospital appointment. This in itself can be a source of under
reporting particularly if certain ethnic groups are more likely to seek help for their
health problems than others leading to a reporting bias. The value and significance of
CPRD however can be further enhanced, by allowing a secure anonymized linkage to
secondary data such as Hospital Episode Statistics (HES) and mortality data, through
the Office of National Statistics (ONS). Record linkage is a powerful and established
tool to improve the accuracy and completeness of patient information used for public
health research purposes(289).
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In this study however, 3,913,594 individuals were excluded from analysis due to a lack
of ethnic recording between the CPRD database and HES linkage datasets. NHS
hospitals began to routinely record ethnicity information in their Patient
Administration System (PAS) records in the mid-1990s (337). (PAS records was the
precursor to the Hospital Episode Statistics (HES) data and although HES data in
recent years has been reported to have a high completeness of ethnic group information

(typically exceeding 90%) (337, 338).

In 2004 an incentive payment scheme was introduced to motivate GPs to maintain and
record key data information such as lifestyle risk factors including ethnic data in order
to improve the quality of the data collect in English GP practices (339). Studies that
have investigated the influence of QOF on data quality have shown a significant
improvement in the recording of many variables (337, 340). Any inconsistencies in
individual patient data such as validity of age and sex, registration status, transfer out
of practice date and clinical event dates are flagged by the “Acceptable Research
Quality” (ARQ) audits (341). The Practice level data is also audited using the “Up to
Standard” (UTS) marker practice mortality rates and continuity of data recordings
through gap analysis are conducted regularly (341). Completeness of ethnicity coding
information currently forms part of the Commissioning Outcomes Data Set which is a

prescribed standard for data quality that is linked to hospital reimbursement (338).

A study in 2013 which looked into the accuracy of ethnicity coding in contemporary
National Health Service (NHS) hospital records compared with the ‘gold standard’ of
self-reported ethnicity found that the overall frequency of discordance of HES-
recorded and self-reported ethnicity information was 4.9% (4.7-5.1%). The authors
found that those patients that identified themselves as White British had the lowest
frequency of discordant ethnicity information in their HES records (2.2% (2.0-2.3%)
in contrast to those who identified themselves as belonging to any other ethnic group
which had a substantially higher frequency of discordant HES-recorded ethnicity
[41.2% (39.7-42.7%)] (338).

Mathur et al in 2017, found that combining CPRD and HES increased completeness
of ethnicity recording to 97%, with 85% of patients having the same ethnicity recorded

in both databases (337). There however is little evidence about the accuracy of
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routinely recorded information on patients’ ethnicity. Furthermore, past audits of the
quality of ethnicity information in NHS records have principally focused on data
completeness, rather than accuracy. The use of HES linkage data to supplement the
missing ethnic data can also be subject to bias, particularly as those attending hospital
appointments are more likely to have greater severity of disease and therefore more
likely to attend a hospital appointment and have additional diagnoses captured.
Additionally, it is important to understand that where a patient is counted as having a
recorded ethnic category, this does not necessarily indicate that the recorded ethnic
category is an accurate representation of that patient’s ethnic category, merely that
they have an ethnic category recorded. In this study, despite combing CPRD and HES
databases to improve ethnic coding approximately 76% participants had to be excluded

from the study due to a lack of ethnic coding.

4.2.2 Life Expectancy

The composition of the UK population is not only ageing but also subtly changing, as
are countries worldwide. People of Indian Asian and African Caribbean descent form
the UK's two largest minority ethnic groups. The first generation migrants arrived in
the 1950s and 1960s, and are now of pensionable age, when disability is a concern
(101). From 1991 to 2011 the non-White population in England and Wales had almost
doubled in size to almost 8 million or 14% of the population (342). Those ethnic groups
who migrated 40 years ago as young adults are now forming a growing proportion of
the older population with some ethnic groups. The Indian and Black Caribbean older
adults in West London, have been shown to have higher rates of both prevalent and
incident disability (101). Life expectancies are also thought to reflect a person’s
socioeconomic status, and Asians and African Caribbean’s who migrated to the United
Kingdom in the second half of the 20th century largely did so for economic reasons,
and may not be wholly representative of their countries of origin or of migrants to other

countries (135, 343).
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Established risk factors for the development of disability, such as socioeconomic
disadvantage and unhealthy behaviour profiles, are known to vary across the different
ethnic groups in the UK (101). However, it is not known whether these variations in
risk factors and rates of chronic disease predict ethnic group differences in disability.
If rates of disability do vary across ethnic groups, this is likely to have an inequitable
impact on morbidity, quality of life and the economic burden on healthcare systems
(101, 344). Particular ethnic groups, for example Indians, Pakistanis and Bangladeshis,
are more susceptible to these conditions (345). It has been widely reported that the
South Asian ethnic groups experience higher rates of coronary heart disease than
Europeans [8], and both Indian Asian and African Caribbean groups show elevated
risk of type 2 diabetes compared with Europeans [9], [10]. However, declines in
cardiovascular mortality may have contributed greatly to the increase in life

expectancy, over the recent two decades.

In 2009 a study investigated mortality rates in ethnic groups within the UK and found
that the South Asian ethnic group had above average life expectancies for men but well
below average life expectancies for women. More interestingly the East Asian ethnic
group (both males and females) were found to have higher life expectancies than the

white British ethnic group (343).

In 2021 the ONS published experimental national estimates of life expectancy and
morality by cause of death and by ethnic group in a pre-coronavirus pandemic period,
using linked 2011 Census and death registration data. In the period 2011 to 2014 in
England and Wales, it was reported that both males and females in the White and
Mixed ethnic groups had lower life expectancy at birth than all other ethnic groups
(male 83.1years and female 79.7 years) and (male 83.1years and female 79.3years)
respectively, while the Black African males and females (88.9years and 83.8years
respectively) had statistically significant higher life expectancy than most other ethnic
groups. The life expectancies of males and females of Bangladeshi (male 87.3years
and female 81.1years), Indian (male 85.4years, female 82.3years) and Pakistani groups
(male 84.8years and female 82.3years) did not differ significantly from each other. It
was also reported that statistically significant higher age-standardised mortality rates
from circulatory (heart and related) diseases were present among Indian, Bangladeshi

and Mixed males and Pakistani, Indian and Mixed females compared with the White
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group. The ONS data suggests that overall, those from the Black and South Asians
ethnic groups living in the UK should be living long enough to reach an age where

dementia could be diagnosed.

4.2.3 Healthy Migrant Effect

In order to understand the health of the ethnic population it is also important to consider
the “healthy migrant effect”. Most research on immigrants’ health is framed around

2

the persistent finding of an “immigrant health paradox.” Despite their lower
socioeconomic status, it is widely reported that those ethnic groups born outside of the
UK have lower mortality rates and are comparable or of better health than their native-
born counterparts. The “healthy immigrant effect” points to positive health selection
because healthy people are more likely to migrate, immigrants are healthier than the
average person in both the home and host countries, at least when they arrive (346).
This is particularly important as mortality rates have been shown to differ between
non-White ethnic groups born outside the UK and those born in the UK (17 18).
Potential reasons for this include the healthy migrant effect, particularly for more

recent migrants and lower rates of tobacco and alcohol use in certain ethnic minority

groups (347).

4.2.4 Health seeking behaviours

There has been considerable debate around the concept of ethnicity and race, both
within health services and among social scientists. The word ethnicity is derived from
the Greek word ethnos, meaning a nation which is described as a complex,
multidimensional social construct that reflects self-identification with cultural
traditions and social identity and boundaries between groups (348). It embodies one or
more of the following: shared origins or social background, a shared culture and a set
of traditions that are distinctive, but usually maintained between generations, leading

to a sense of identity with common language or religious traditions (348). In the UK,
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the ethnic minority people account for 15% of the English population and 39% of the
London population (349).

The beliefs held by a certain ethnic group may be influenced by culture and therefore
culture may shape the meaning to which dementia is ascribed to by certain
individuals (350). It has been reported that Dementia in some cultures is seen as part
of the ‘normal ageing process’ which may create barriers to help-seeking behaviours
and in turn influence whether these individuals would seek help for a memory

complaint (266).

It has previously been reported that the minority ethnic groups have an equally high
prevalence of dementia compared with the majority ethnic population, and that a
higher prevalence in the African-Caribbean population has been observed (11).
However, it has been widely acknowledged that only a minority of people with
dementia receive a formal diagnosis despite a growing body of evidence highlighting
the benefits of early diagnosis and timely intervention and it is thought that General
practitioners have also contributed to this observed diagnostic underreporting. People
from minority ethnic groups have been found to be more disadvantaged, as they tend

to access dementia services later in the illness (349).

Dementia diagnosis being perceived as a result of the normal ageing process, disease
denial or unfounded expectations of symptoms’ reversal or normalization, as well as
stigma related to a dementia diagnosis have hindered some ethnic groups from seeking
a diagnosis. It has also been observed that some ethnic groups feel that it is imperative
to care for one’s own family members without requesting or accessing help; and
negative experiences of the healthcare service and feeling there was nothing that could
be done for dementia has also in (268, 349, 351). Knowledge about dementia was
found to be the only facilitator to help seeking behaviours (349). Those who tended
not to seek help for something would typically believe it to be ‘normal’ or untreatable
with conventional medicine. For those who may have felt a medical opinion was
needed, being dismissed by healthcare professionals, encountering language barriers
or not knowing who to get help from would act as further barriers, even if stigma and

societal pressures could be overcome (349).
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There are many barriers to help-seeking for dementia in minority ethnic groups,
including the level of understanding and knowledge of the disease, differing personal
and societal beliefs and expectations, stigma once diagnosed and cultural expectations
of looking after your own relatives until you can no longer cope (349). These barriers
are thought to be culturally specific and that encouraging help-seeking in minority
ethnic groups may lead to early diagnosis and intervention in dementia as well as

increased uptake in dementia services (349).

Although modern healthcare systems aspire to equal access and quality of care for
patients of all ethnic groups, there are well-documented ethnic inequalities in the
processes and experiences of care, in the UK (338, 352). The issue of dementia in
migrants and ethnic minorities is assuming a growing relevance from a wider global
health perspective, given the complexities of timely identification and subsequent
management. While the relationship between area disadvantage and health is well
established (353), the Marmot 2020 review concluded that further research is
warranted on how this relationship applies across ethnic groups and on the possible
reasons why such differences arise. It has been acknowledged that, in spite of the
overall increases of longevity, health and life expectancy of several groups are
deteriorating; that there are clear systematic inequalities in the groups for whom this
is happening and the reasons for the cause-specific mortality patterns observed, such
as exposure to different risks, health-related seeking behaviours, biological factors,
and use of healthcare services which all need to be further evaluated. Public Health
England (2018) and The King's Fund (2021) showed that Bangladeshi, Pakistani and
Black ethnic groups are more likely than others to live in deprived areas of society.
Understanding such variations can be vital for service planning and required capacity

estimates (354).
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4.3 Covariate Risk Factors and Dementia

A growing body of evidence supports the nine potentially modifiable risk factors for
dementia which were modelled by the 2017 Lancet Commission on dementia
prevention, intervention, and care. These included lower education, hypertension,
hearing impairment, smoking, obesity, depression, physical inactivity, diabetes, and
low social contact (14). People with dementia have more physical health related
problems than others of the same age; they often receive less primary and community
health care and find it particularly difficult to access and organise their care. Often
people with dementia have more hospital admissions than other older people, including
for illnesses that are potentially manageable at home (14). Since the 2017
commissioned report three more risk factors for dementia with newer, convincing
evidence have been put forward which includes excessive alcohol consumption,
traumatic brain injury, and air pollution (14). The Dementia prevention, intervention,
and care: 2020 report of the Lancet Commission updated 12 risk factor life-course
model of dementia prevention and together the 12 modifiable risk factors were found

to account for around 40% of worldwide dementias (14).

Findings in this study found that the South Asian ethnic population were 11% more
likely to have diagnosed CHD than the White ethnic group [OR 1.11 (95% CI 1.09-
1.43)]. ONS experimental 2021 published data showed that ischaemic heart disease
mortality was highest in the Bangladeshi, Pakistani and Indian ethnic groups and
lowest among Black ethnic groups in both sexes suggesting that the South Asian ethnic
group had increased mortality from heart disease than any other ethnic groups (355).
Regarding diagnosed diabetes in the South Asian ethnic group, participants in my
study were 2.5 times more likely to be diagnosed with diabetes than the White ethnic
group [OR 2.49 (95% CI 2.22-2.54)] and the Black ethnic group were twice as likely
to be at risk of diagnosed diabetes compared to the White ethnic group [OR 1.98 (95%
CI 1.93-2.04)]. These findings are consistent with a study conducted by Lawson et al
2020, using data from the Clinical Practice Research Datalink that showed people in
the South Asian ethnic group (including Bangladeshi, Indian and Pakistani ethnic
groups) had higher ischaemic heart disease, hypertension and diabetes prevalence than
those in the White ethnic group (356). The ONS mortality data indicated that diabetes
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mortality was lowest among those in the White ethnic group, while the highest rates
were observed in the Bangladeshi and Pakistani ethnic groups for both sexes and the

Black Caribbean ethnic group for females (355).

The ONS Mortality data found that morality from cerebrovascular diseases was
highest in the Bangladeshi ethnic group for both sexes and the Black Caribbean and
Black Other ethnic groups had higher mortality from hypertensive diseases than the
White ethnic group (355). In this study, diagnosed hypertension was found to be 36%
more likely in the Black Ethnic group when compared to the White Ethnic group [OR
1.36 (95% CI 1.33-1.39)] and may therefore contribute to increased mortality rates in
this group (355). In a cross sectional study evaluating 380 Chinese and 625 Europid
(defined as people whose ancestry lies in the European continent adults, aged 25-64
years in the UK the prevalence of CV risk factors and CHD has been reported to be
lower when compared with the White ethnic group and that the prevalence was
significantly lower in Chinese men (357). Chinese men and women were also found
to have lower mean total cholesterol LDL cholesterol and BMI values when compared

to the white ethnic population in the UK (357).

Data from the ONS 2021 experimental analysis of ethnic differences in mortality and
cause-specific mortality in England and Wales between 2012-2019 found that females
in the following ethnic groups (Bangladeshi, Pakistani, Indian), had the highest
mortality rates from ischaemic heart disease (114.8, 109.6, and 99.3 per 100,000
females, respectively) and were statistically significantly higher than the rate in the
White group (70.5 deaths per 100,000) (355) and this was also seen amongst the males,
Bangladeshi, Pakistani, and Indian ethnic groups (219.1, 206.7, and 190.9 deaths per
100,000 males, respectively); statistically significantly higher than the rate in the
White group (157.9 deaths per 100,000) (355).

According to the ONS deaths registered in England and Wales between 2017-19, in
age-standardised mortality rates per 100,000, for females in all ethnic groups, except
Bangladeshi, Indian and Pakistani, the leading cause of death was Dementia and
Alzheimer’s disease (355). Males in the White ethnic group were also reported to have
statistically higher mortality rates from dementia and Alzheimer’s disease (121.6 per

100,000) than most other ethnic groups (355).
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4.4 Under ascertainment of Dementia cases

Given the small sample sizes contained within the each of the East Asian, Black and
South Asian ethnic groups, it is likely that the overall incidence of dementia diagnosis
may be underestimated amongst these populations. Furthermore, it is probably that our
sample is not entirely nationally representative of the UK population in terms of
demographic profile and risk factor recordings. Evidence suggests that dementia is
under recorded in some GP practices across the different ethnic groups (279) but
equally health literacy also influences the decision to attend healthcare services or not
(358). If a community has a poor understanding of when to seek healthcare and has
insufficient knowledge of the severity of an illness; then the uptake of healthcare
services and levels of case ascertainment could be lower than expected. Such
awareness and recognition of disease as well as the urgency or perceived need to seek
healthcare can vary through time and space, and particularly during times of
government initiatives, enhanced surveillance or widespread campaigns with intensive

media coverage (358).

To our knowledge there has only been one previous published study to date that has
examined the incidence of dementia diagnosis among different ethnic groups in the UK
aged 50-105 years [ 148]; the authors reported that, compared to the white ethnic group,
both Asian men and women were less likely to receive a new dementia diagnosis (18%
and 12% respectively) (267). The authors also found that black women were 25% and
black men (28%) were more likely to receive a new dementia diagnosis, but they did
not evaluate the association of cardiovascular risk burden on the risk of incident

dementia diagnosis.

Underdiagnosis of dementia in primary care is well-documented (359). It has been
reported that in the UK general practitioners are very cautious about reporting and
referring patients with cognitive complaints to secondary care (360) and there still
remains the common belief among practitioners that changes in cognition are simply
due to old age and there is nothing that can be done about it (361). A financial incentive
that was introduced in April 2006 in the UK which served to increase the awareness

and detection of dementia, especially in the primary care setting (349) has helped to
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increase in the detection rates for dementia, among general practices in the UK (362,

363).

Despite these recent initiatives, emerging evidence suggests that patients might be
reluctant to report their cognitive symptoms to the GP, due to the cultural beliefs about
ageing (364), the feelings of shame associated with it (365)and other considerations;
thus, the patients themselves may contribute to the under ascertainment of dementia
cases. Whilst the vast majority of participants in this study were largely White in
ethnicity, it is well documented that barriers to healthcare seeking for dementia still
continue to exist amongst some of the ethnic minority groups, particularly through the
stigma attached to a dementia diagnosis which may have resulted in reduced

attendance (266).

The issue of underdiagnosis of dementia in this study however was mitigated using a
combination of methods to identify as many dementia cases as possible in CPRD
database; as well as to capture any under- reported cases of dementia. I built an overall
algorithm for reporting all possible dementia cases, already used in two previous PhD
theses of our group (D. Bassil and B. Zheng). This algorithm comprised of: (a)
Dementia cases identified from CPRD using medical READ and PRIMIS codes, (b)
Dementia cases identified from CPRD using product codes for dementia drugs (c)
Dementia cases identified from valid tests scores for the most common dementia

cognitive tests and (d) Dementia cases identified from the HES and ONS linkage data.

Sibbett et al, in 2017 conducted a systematic review of Dementia ascertainment
methodologies, using existing data in UK longitudinal and cohort studies, and reported
a lower than expected ascertainment rates from the GPRD, SPICE-PC and THIN
database respectively, when compared to previously documented incidence and
prevalence (366). Findings from this systematic review article also suggested that
dementia diagnoses, within a general practice research database, were not a completely
accurate reflection of dementia cases known to the GP or within a population (366).
Using GP questionnaires, Dunn et al, completed a validation study of dementia cases
and controls drawn from the GPRD and reported a confirmed diagnosis in 83% of

recorded cases (366, 367). Regional variation in rates of diagnosis have been reported
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previously, suggesting that the use of existing data might be more reliable in some

geographical areas (366).

One of the distinct advantages of using death certificates for dementia ascertainment
is the availability and the ease of data collection from this source. However, as
dementia is not always the primary cause of death, its inclusion in the death certificate
relies on both the certifying doctor’s familiarity with the patient’s medical history as
well as their own opinion as to whether a diagnosis would merit an inclusion on the
death certificate (366). Despite the importance of dementia as a contributory factor or
cause of death, rates of reporting on death certificates have historically been poor (368,

369).

HES data linkage could be seen as a source of bias as generally the patients that need
to go into the hospital are of greater ill health and would therefore, more routinely,
have had their ethnic status recorded as well as other diagnoses coded. Although HES
data currently has a high level of completeness of ethnic information, if an aim was to
compare outcomes between White and non-White groups, the current classification
system will perform well, but a degree of caution is required when interpreting more
detailed evidence on ethnic inequalities in care quality or disease incidence and
prevalence that is based solely on HES data, particularly for minority ethnic groups
found to have higher discordance rates. Misclassification of ethnicity in HES data
could result in either an underestimation of ethnic variation or an inability to detect

such variation when it exists (‘type 1° error) (338).

Lifestyle risk factors are often difficult to categorise, such as level and frequency of
physical activities and social interactions, diet and drinking patterns and smoking of
pack years (over time and/or prior to abstinence) are not recorded in standard coding
options; this is an acknowledged important limitation of CPRD-based studies.
Establishing temporality can be an important source of problems within dementia
prevention research because the onset of disease, i.e., mild cognitive impairment or (as
per the 2018 NIA-AA Research Framework) the onset of significant neuropathological
brain burden is difficult to establish (370).
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4.5 Missing Data

Whilst our analysis sample contained only those patients with an ethnicity recording,
it is likely that the cohort was not largely nationally representative of the UK population
and that those with missing ethnic values are not missing at random. Research using
electronic health records on chronic diseases often require individual clinical
information such as height, weight, blood pressure, cholesterol level, including
lifestyle factors, smoking status and alcohol consumption (371). This data is captured
in UK primary care databases as part of the individuals’ routine consultations in
primary care. However, because they are not always directly relevant to the clinical
need behind a consultation, such data are not recorded on a regular basis as in cohort
studies or clinical trials. Therefore, missing data are often an issue, and this raises

significant challenges for statistical analysis and interpretation (371).

Most primary EHR databases have significant proportions of missing data for pivotal
variables of interest (359). Although EHR databases offer large opportunities for
research, their primary objective is mainly to improve disease clinical management-
which includes diagnosis and treatment. In EHR databases, such as CPRD, information
is only obtained when the patient visits the GP for a consultation, and it is impossible
to obtain any updated information for that patient at regular intervals. Accordingly, a
missing value in CPRD may potentially indicate that either the patient did not visit
their GP, or data such as BMI, alcohol consumption and smoking patterns were not
recorded in visits. In this study, a significant amount of data on BMI, alcohol and
smoking were missing at baseline in both cohorts for approximately 30 % of the

individuals.

Whilst our analysis sample contained only those patients with an ethnicity recording,
it is likely that the cohort was not largely nationally representative of the UK population

and that those with missing ethnic values are not missing at random.

Studies have previously assessed missing data in CPRD (372). A longitudinal study
used CPRD to assess records of a random sample of a million patients aged 16 and
above, and found that BMI completeness was 37 % in 1994, and then increased to 77
% from 2005 to 2011 (372) and that the increase seemed to be higher in females and
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increased with age (372). Smoking is another important lifestyle variable that has been
under recorded in CPRD. A study investigating smoking records in CPRD in 1996,
found that former smoking and current smoking was under recorded, when compared
to national health survey data (373). A more recent study by Booth et al 2013, reported
an improvement in smoking records between 2007 and 2011 (374) and attributed their
findings to the introduction of the QOF incentive, to encourage practices to collect
information on smoking and provide cessation advice (374). A GPRD study assessing
the prevalence of alcohol use disorders in the UK, found that GPs tend to underreport
heavy alcohol drinkers (375) and approximately 50 % of men, who consume more than
20 units of alcohol per week, underreport their alcohol consumption at registration

(376).

Several statistical methods have been used to handle missing data in large databases;
to avoid the risk of bias. The most commonly used ones are the Multiple Imputation
(MI) and the Inverse Probability Weights (IPW). The standard implementation of
multiple imputation is based on the assumption of data being missing at random where
the reason for the missing values is not associated with the missing data. (371). MI of
missing data has been applied more widely compared to other techniques, but is fairly
complex and demanding in terms of computation and model building; this may well

lead to a higher probability of bias and inaccurate results (377).

Successful imputation of ethnicity accurately based on a several multiple complex
social factors, which are often difficult to quantify, demographic characteristics and
disease status has proved to be extremely difficult to impute missing ethnic data (371).
Thus, it is likely that computational errors may occur and result in inaccurate estimates,
due to the various stages of model building in MI (378). For the purpose of this study

and for the reasons above a complete case analysis was conducted.

A shortcoming of HER databases is that lifestyle data, such as BMI, tend to be
opportunistically recorded (ie, recorded when a patient attended for another reason or
when the matter was of direct clinical importance) and can be incomplete. Those with
non-missing lifestyle data may be unrepresentative of the general population. BMI has
been an important covariate in many published studies using CPRD as the database. A

study looked into the proportion of individuals with a BMI recording CPRD and found
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only 35% was complete between 1990— 1994 and rose to 51% between 2005-2011.
The study also found BMI completeness generally increased with age up to 75 years,

with a lower proportion in the oldest age group having data available (372).

Lifestyle covariates such as BMI, smoking and alcohol consumption are of great
importance in epidemiological studies when looking at dementia diagnosis as
outcome. Thus, I adjusted for these variables in the cox regression models and any
association was evaluated with careful inferences drawn due to the amount of missing
data. However, interestingly, a lower BMI was observed to increase the risk of
dementia by 49% in this study [HR 1.49 (95% CI 1.40-1.50)]. There have been a few
recent studies showing similar results (221, 379). In a study on BMI and risk of
Dementia in two million people over two decades using CPRD, the authors found that
being underweight in middle and old age carries an increased risk of Dementia over
two decades, compared with people of a healthy weight and that underweight people
(BMI <20 kg/m?) had a 34% higher (95% CI 29-38) risk of dementia. The findings in
this study opposed the known hypothesis that obesity in middle age could increase the
risk of dementia in old age (221). Walters and colleagues looked at prediction of
Dementia risk in primary care using the THIN database and also reported a small
negative association between increasing BMI and dementia diagnosis in a risk model

for a cohort of 60-79 and 80-95 year olds (379).

In my study the East Asian ethnic group overall had the lowest BMI compared with
the other ethnic categories and the highest incident risk of dementia whilst this is
comparable with other larger studies that have used large primary care HER databases,
as with all studies the issue of missing data remains a limitation. As various methods
have been applied for handling missing data between individual studies, any

association between BMI and risk of dementia must be applied with caution.

Missingness is a common problem for routinely collected data, especially for
biological parameters over time. Absence of complete data for the whole of a
individual's study period is a potential bias risk (380). There are a number of strategies
used to deal with missing data. Studies often handle missing ethnicity data by either
excluding ethnicity in the analysis, excluding individuals with missing ethnicity from

the analysis or by imputing missing ethnicity as white (267, 381). The concern that
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arises from a complete case analysis is that any association drawn between exposure
and outcome may be subject to bias if ethnicity is missing not at random (MNAR).
Imputing missing data as white biases the association between non-white groups and
outcome and it is reported that regular MI does not correct for bias when ethnicity is

MNAR and therefore valid inferences cannot be made (377).

A widely popular alternative to dealing with missing data is to use multiple imputation
(MI) often when the focus is on the association between ethnicity or co-morbidities
and lifestyle factors and outcome of interest (129, 267). Under the assumption of data
being missing at random (382) multiple imputation can provide unbiased and
statistically more powerful results compared with a complete case analysis by using
information from individuals with incomplete data (377). However, it is not always
possible to ascertain whether data in some scenarios is truly missing at random from

the observed data alone.

In order to be able to handle missing data in a statistically valid manner, it is imperative
to firstly explore and understand the nature, mechanisms and caused of data
missingness (377). Sterne et al (2009) suggests three different possible mechanisms
for consideration of missing data: missing completely at random (MCAR), missing at
random (MAR) and (MNAR). In the MCAR scenario, there is no difference between
the missing and observed values for example a blood pressure reading cannot be
recorded when the BP machine is broken. In the MAR scenario, it is assumed that the
missingness is dependent on the observed value, for example young people are more
likely to have their BP reading missing as they are less likely to have their BP taken.
The final scenario MNAR, assumes that the missing values depend on the unobserved
values or on the reason why it’s missing for example that BMI data is more likely to
be measured in individuals who are obese compared to those who look like they have

normal BMI (377).

A multiple imputation approach, utilising population-level information about ethnicity
from the UK census, was previously used for imputing missing ethnic data (381). T
Pham, in 2018, explored the method of weighted multiple imputation to deal with
missing ethnicity data and used predictors for imputation: year of birth, sex,

deprivation score. The authors concluded that weighted MI gives the closest estimates
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to true values and substantial coverages. When this method was applied to address the
trends in diagnosis rates in the UK ethnic group using UK primary care data, they
reported their findings from a multiple imputation analysis as their primary results, as
they were found to be inclusive of a greater proportion of the cohort, having observed
an increase in the sample size. The authors went on to report findings from a complete
case analysis and stated that they were comparable to those resulting from multiple
imputation. Although they found that a complete case analysis generally showed
smaller differences in incidence of dementia diagnosis among ethnic groups (267),
they went on to report that their MI results should still be interpreted with caution,
due the relatively high level of missing data on ethnicity (267) .

Ethnicity is a complex construct that can vary in definition over time. Whilst some
ethnic groups are considered to share closely a common ancestry, culture, sentimental
attachments, and health seeking behaviours, there is also wide variation within
minority ethnic groups in terms of country of origin, language, religion, socioeconomic
power, and experiences. The use of an area-level deprivation measure can be also
viewed as a limitation, as an individual deprivation level can sometimes be at odds
with the deprivation level of the area in which a person lives (267). Being able to
successfully impute ethnicity accurately based on a several multiple complex social
factors, which are often difficult to quantify, has proved it extremely difficult to
successfully impute missing ethnic data. Thus, computational errors are likely and can
result in inaccurate estimates due to the various stages of model building in MI (378).
For the purpose of this study, and for the reasons outlined above, I conducted a

complete case analysis.

It is also widely reported that patients with chronic conditions, such as diabetes and
cardiovascular disease are more likely to have data recorded fully, which would often
include lifestyle data, than those without chronic conditions. Since the introduction of
the QOF incentive scheme in 2004, the measurement of BMI, smoking and alcohol
and other important diseases and lifestyle behaviours have been recorded more
frequently (340). In this study, the MAR mechanism best illustrated the missing

scenario for smoking, BMI and alcohol values.
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4.6 Challenges and Limitations

A recognized limitation of the CPRD, whilst it broadly is representative of the England
regionally, it does rely on practices agreeing to sign up to contribute to the CPRD
database and also requires the use of the Vision computer system (Copyright© In
Practice Systems Ltd.) to provide anonymised data to the database. This may limit the
strengths of particular geographical/regional based associations for some research
studies (339). Routinely collected medical record data may also underrepresent
dementia diagnosis in patients, as GP diagnoses are made in relatively brief
consultations are unlikely to accord entirely with diagnoses made through longer

interviews using specific diagnosis criteria.

Establishing temporality can also be an important source of problems within dementia
research because the onset of disease (either from neuropathology or cognitive
symptoms) can be difficult to establish (370). South Asians and African Caribbean’s
who migrated to the United Kingdom in the second half of the 20th century largely did
so for economic reasons, and they may not be wholly representative of their countries
of origin or of migrants to other countries (135). Lifestyle risk factors are often difficult
to categorise, for example establishing drinking patterns and smoking of pack years
prior to abstinence are not able to be recorded in standard coding options in primary

care datasets, thereby lending the way to the use of multiple imputation strategies.

Whilst there has been many government funded initiatives to improve recording of
ethnicities and dementia diagnoses at a primary care level over the last few years there
is still significant underreporting in some areas and practices. Primary care data sets
are commonly used for assessment of cardiovascular outcomes and often coincide with
hospitalisation (383). The manner in which outcomes are coded and recorded in
electronic health records may differ between primary and secondary care and this may
affect the incidence of a condition and may give rise to differences in the observed

characteristics of patients (383).

Missing data represents one of the major challenges of the use of CPRD and other
large-scale electronic health record (EHR) databases (286, 376) and it is widely known

that incomplete data could result in biased analyses thereby reducing the validity and
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reliability of the study. Individuals with certain chronic diseases are more likely to visit
the GP and will therefore by nature have a greater amount of consultation data when
compared to healthy individuals. This could lead to ascertainment bias, where
individuals are more likely to have common risk factor data recorded (BMI, smoking,
alcohol intake, physical activity, etc.), as well as records of other complex diseases
such as dementia and other cardiovascular diseases (384, 385). Under-diagnosis of
dementia in primary care Electronic Health Records (EHR) is well established (153,
267, 386). Figures published by Focus on Dementia in January 2016 suggest that the
diagnosed dementia prevalence rates had actually increased from 643 per 100,000 in
April 2014 to 755 per 100,000 in December 2015, accounting for 423,000 dementia
diagnoses out of the 56.0m registered GP patient across the UK at the time. Diagnosis
information was collected from GP practices to give a national picture of the
prevalence of diagnosed dementia however, recording inconsistencies were found in
nearly half of inpatient admissions for people previously recorded as having dementia

(387).

Definition of variables and their use can vary widely between studies. More often than
not each study is responsible for developing its own list of operational; definitions and
algorithms for identifying specific variables of interest as there are no standardised
case definitions or code lists for each disease or variable of interest. This may result in
varying data from different studies using the same data and variables (388). In any one
study a set of codes used to define the relevant clinical entities will vary according to
the particular research question being asked. Precisely how a code list is specified can

have a major impact on the results of a study (388).

Missing data or absent data can add another layer of complexity (384) and interpreting
absent data as not having a disease, introduces a misclassification bias. In EHR
databases, an absence of a certain record for a disease is interpreted as the individual
not having that disease. However, it might be the case that the GP has simply not
recorded the disease or that the patient has not approached the GP in the first place
with the disease. Due to the extensive range of variables recorded in CPRD it is more
than likely, than not, to pose a higher risk for biases due to missing data unless it is

properly accounted for.
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4.7 Strengths

CPRD is one of the world’s largest EHR databases, which encompasses almost most
geographical regions within the UK, with more than 17 million people included. The
large sample size and coverage available in CPRD, ensures external validity, thus
making the sample generalizable and representative of the whole population.
Electronic Health Care records such as the CPRD database, the Health Improvement
Network (THIN) and QRESEARCH, offer many opportunities for research using

primary are data that would otherwise be difficult and/or expensive to undertake (371).

Research on populations that would be often difficult to enrol in clinical trials or cohort
studies such as those with severe mental illness, pregnant women, children, and the
very elderly are able to be evaluated extensively through these databases. Primary care
electronic health records have also proven to be powerful tools for research into

chronic diseases including diabetes, coronary heart disease, and stroke (371).

As this was an observational study, one of the main limitations resides in the inability
to infer a causal component to any associations identified. One of the principal
challenges in observational studies is related to the issues of precision and validity
(389). Issues can be mitigated by selecting the appropriate methodological approaches
and strategies to minimize biases. Validity is a concern that must be tackled for optimal
interpretation of results. In this study, all individuals without an ethnic coding were
excluded. RCTs are known to be the golden standard in clinical research, as they are
thought to contain a more reliant methodology for the identification of causal
relationships. However, observational studies offer the advantage of the longitudinal
nature of data and extended follow-up periods, and this is of particular importance in
studies of the ageing population, where most diseases are more prevalent with

increasing age.

A key strength in this study is the enabled extensive evaluation of multiple
comorbidities particularly the presence or absence of a disease as well as the linking

of additional datasets, such as the ONS, HES and IMD datalink. This enabled some of

the missing information to be captured as well as in allowing to incorporate additional
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clinical details, including hospitalizations and mortality. Extensive medical and
clinical information captured in a medical setting, by clinical staff and GPs are also
thought to be more accurate medical data compared to self-reported medical data. It
is, however, critical to highlight that other relevant information such as lifestyle and
behavioural data (physical activity, smoking, alcohol) are poorly captured and, mainly,
self-reported and contributed to far greater missing information within these

categories.

Electronic health care records such as the CPRD primary care database is a rich source
of health data for research, as data collected include demographics, symptoms, tests,
diagnoses, therapies, health-related behaviours, and referrals to secondary care (286).
CPRD provides longitudinal data with significant follow-up periods, allowing to
characterize and evaluate disease progression to calculate incidence rates. The ability
of CPRD to link with other datasets in secondary care, disease-specific cohorts and
mortality records increases the breadth and depth of the data available for research and
its strength is evident in the quality of its data, size and representativeness (286) as
well as expanding the opportunity for research and strengthening the knowledge

gained from primary care (289).

CPRD research has been the forefront of many peer-reviewed publications in the fields
of epidemiology, public health and pharmacoepidemiology (286). CPRD is able to
give limitless possibilities for identifying subclinical populations and rare diseases,
whilst maintaining sufficient statistical power and precision (390) and the quality of
research in CPRD is monitored at both patient and practice level. Specific validation
studies have suggested high validity of diagnoses recorded in the CPRD, reporting
strong measures of positive predictive value (PPV), sensitivity and specificity (341).
The CPRD has been used extensively used in studies on many diseases, including
diabetes, cardiovascular diseases, and dementia (367, 391). These studies have
significantly contributed to public health policy and advances in therapies as well as

preventative strategies.

In summary, the CPRD database provides an information infrastructure with is
reported to be extremely reliable for research and evaluation by other studies have

shown sufficient qualitative and statistical power for data analysis (286, 341, 384,
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392). Thereby, allowing for informed improvements in health care and clinical

decisions in a variety of diseases as well as public health policy making.

4.8 Summary

In this chapter, I have discussed findings from my analyses with reference to related and
relevant literature on this research topic. The strengths and limitations of this study, along
with issues with study design, case under ascertainment and missing data have also been

discussed.

In accordance with related studies, I have shown that the incidence of dementia increases
with age, with a higher incidence of dementia seen in females (39, 393). Findings from
this study have demonstrated that overall, the Black and South Asian ethnic minority
patients had a younger overall mean age of dementia onset, 76.3 years and 78.7 years
respectively when compared with the White and East Asian ethnic group 81.8 years and

80.3 years respectively, which is consistent with other studies (266, 269).

Following an in-depth exploration of the relationships between ethnicity, cardiovascular
disease and risk of dementia my main findings from this study are that the East Asian
ethnic group and the White ethnic group have a higher incidence of dementia than the
South Asian, Black and Mixed ethnic group, in the fully adjusted cox regression model,
which adjusted for cardiovascular risk factors, lifestyle risks, as well as education and
IMD. Overall, the study found that the Black and South Asian ethnic group had a greater
burden of cardiovascular disease than the White and East Asian ethnic groups when all
risk factors were considered. It is widely reported and understood that the Black and South
Asian ethnic group have a greater burden and risk of cardiovascular disease, and this

increases the overall mortality seen in this group of ethnic minority individuals (394-396).

Appropriate use of statistical methods and competing risk analysis needs to be considered
when accounting for mortality selection. In this study findings from the competing risk

mortality analysis showed that the South Asian ethnic group had a higher incidence of
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death than the Black and East Asian ethnic group when dementia was analysed as a
competing risk but the lowest cumulative incidence of dementia when death was analysed
as a competing risk. Those who develop the outcome of dementia in late life are those
who have lived long enough to enter the age of risk for developing dementia (397) and
competing mortality risk analysis in this study did not show any real differences in
dementia incidence between ethnic groups, suggesting that the patients belonging to these

ethnic groups should be living long enough to be at an age where dementia is diagnosable.

Health status is one of the most important indicators of well-being, and it is widely
understood to be malleable through high-quality health promotion and disease
prevention programs, as well as effective medical services (398). Health, social, and
economic policies for older persons are known to vary substantially among
industrialized nations (398). Appropriate cross-national research, aimed at exploring
and evaluating these variations, may assist greatly in the formulation of effective
policies aimed at enhancing the health status, as well as the social and economic well-

being, of elderly ethnic populations.

This study indicates that there has been a significant degree of under ascertainment of
dementia cases amongst the ethnic population particularly when considering the
significant cardiovascular burden amongst the Black and South Asian ethnic groups. It is
vital to understand the differences in health seeking behaviours amongst the different
ethnic groups, in line with the lower community dementia incidence rates found amongst
the Black and South Asian ethnic groups. A diagnosis can only be made if and when an
individual presents to either a hospital or to a primary care physician; thus, it is vital that
ethnic minority groups have better access to health care, tackling stigma around a dementia
diagnosis, better understanding of the disease and that greater emphasis is placed on a

timely diagnosis particularly for higher risk ethnic populations.

The availability of complete and accurate information on a patients’ ethnicity in
routine National Health Service (NHS) data is a fundamental first step to enable
research to be conducted to further the understanding in variations in the incidence and
prevalence of disease between different patient ethnic groups. Implementation of
dedicated policies at the national and international level are fundamental to limit the
future clinical and socioeconomic burden of dementia (399). Good quality ethnic data

is invaluable to better our understanding of disease prevalence and incidence amongst
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different ethnic populations, particularly in order to drive the UK’s health care policy in a
direction to deliver care to where it is most needed. I finally conclude my thesis with the

following quote.

Bhopal (100) stated that:

‘An equitable service is not one where the model of provision is inflexibly
standardised across the country, where one primary care facility or hospital is a carbon
copy of another. Just as the health needs of individual patients differ, so too do those
of local communities... In order to provide an equitable service, we first need to
understand those critical differences. Only then, furnished with that understanding,
will we stand any chance of delivering high quality services to fully meet the needs of

all our citizens. Achieving this goal is undoubtedly challenging.’

In the next Chapter, I will describe the highlights of my study in line with current literature
and provide some insights on future directions including overall importance and

translational potential of these findings in the public health domain.
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CHAPTER 5- CONCLUSIONS
AND FUTURE PERSPECTIVES
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In an increasingly multicultural society, such as the UK, it is vital that we further our
understanding of any ethnic differences in rates of dementia. Not only does this have
implications for future aetiological research but it can also better inform policy makers
of prevention strategies and provide guidance in terms of the clinical care that needs
to be delivered within the health service, through better planning and allocation of

resources (31).

The purpose of this study was to use a large national clinical database and linkage data
sets to (a) examine the association between ethnicity and incidence of dementia
amongst ethnic populations, namely the East & South Asian and Black ethnicity
minority groups; and (b) to examine the effects of cardiovascular disease and lifestyle
risk factors in the development of dementia. This study analysed only those patients
with an ethnic recording, and it is likely that those with missing ethnic values are not
missing at random. Research in studies of this nature, particularly where ethnicity is
an exposure variable, can be limiting when dealing with vast numbers of missing
values. Whilst studies have evaluated several different imputing methods for missing

ethnic values, successful imputation can be extremely challenging (267).

Many health conditions are known to be under-diagnosed or under-recorded in EHRs.
In research, missing diagnoses result in under-ascertainment of true cases, attenuating
estimated associations between variables and can result in a bias toward the null
hypothesis (400). There are many challenges which include cultural insensitivity and
lack of understanding of the importance of race and ethnic information which are major
challenges to collecting ethnicity information in the hospital and primary care setting
(401, 402) . The collection of ethnicity information may also degrade the quality of
data in the EHRs (402). Although verbally asking patients for their race and ethnicity
can be an uncomfortable situation for both healthcare workers and patients, race and
ethnicity provide valuable information in order to effectively eliminate socially

determined health disparities as well has provide precision medicine (401).

The under-reporting of dementia on death certificates has also been noted in previous
publications (366). A study conducted by Doll et al., found that they had only found
30% of recorded dementia cases from death certificates (403) when compared to the

European statistics (EURODEM). The shortfall was found not to be surprising, as
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dementia that is only mild was unlikely to have been mentioned on the death
certificate. Russ et al. (404) found that compared to using multiple sources, death
certification alone, missed approximately 16—18% of dementia cases. The same study
found that general practice records did not identify all cases identified by record
linkage (404). Poor data quality for ethnicity and dementia diagnosis can negatively
impact high quality clinical research in this field. Incomplete or inaccurate data can
prevent public health professionals and policymakers from measuring and reducing

health disparities (401).

Due to low levels of literacy, language barriers and a lack of appropriately translated
and culturally adapted screening and diagnostic tools for ethnic minority groups, , there
are additional challenges in identifying, diagnosing, and treating dementia in UK
ethnic minority groups, including the South Asian population (405). For example, in
the South Asian community only 35% of older people (aged over 65 years) can speak
English and only 21% can read and write English, with most relying instead on their
first language, which for many is Urdu. This makes the completion of screening tools
and diagnostic tests particularly challenging (405), contributing further to under

ascertainment of dementia cases amongst these ethnic groups.

Future work would involve further evaluation of culturally appropriate dementia
screening tools as well as dementia risk scoring tools. Current well-known dementia
risk scoring tools have not adequately assessed for the possibility of ethnic variations
(28, 379). Future studies could include testing current dementia risk scoring and
screening tools to determine cultural sensitivity in different ethnic groups. Culturally
appropriate adaptation of these tools may lead to greater case ascertainment amongst
the ethnic minority populations and further work to drive community recognition of

dementia symptomatology could improve community case ascertainment.
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Appendix 01

MEDCODE DESCRIPTION

4693 [X] Unspecified dementia

6578 Vascular dementia

7323 Uncomplicated senile dementia

7572 Lewy body dementia

8934 [X]Subcortical vascular dementia

9509 [X]Dementia in Parkinson's disease

11175 Multi-infarct dementia

12621 Dementia with other diseases

18386 Senile dementia with paranoia

19393 [X]Vascular dementia, unspecified

19477 Arteriosclerotic dementia

21887 Senile dementia with depression

26270 [X]Lewy body dementia

29512 Senile degeneration of brain

31016 [X]Mixed cortical and subcortical vascular dementia
37015 Senile dementia with delirium

41089 Senile dementia with depressive or paranoid features NOS
42279 Arteriosclerotic dementia NOS

43089 Uncomplicated arteriosclerotic dementia

43292 Arteriosclerotic dementia with depression

44674 Senile dementia with depressive or paranoid features
46488 [X]Vascular dementia of acute onset

53446 [X]Delirium superimposed on dementia

55313 Other vascular dementia

55467 Arteriosclerotic dementia with paranoia

56912 Arteriosclerotic dementia with delirium

64267 [X]Dementia in other specified diseases classif elsewhere
5931 H/O: dementia

12710 Dementia annual review

55023 Dementia monitoring

85853 Dementia monitoring administration

103193 Antipsychotic drug therapy for dementia

103445 Referral to dementia care advisor

107389 Assessment of psychotic and behavioural symptoms of dementia
107402 Severe cognitive impairment

108228 Dementia advance care plan agreed

108268 Review of dementia advance care plan

108391 Dementia advance care plan declined

83576 Dementia monitoring second letter

49674 Dementia monitoring first letter

89036 Dementia monitoring third letter
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Prodcode Product name

11751 Rivastigmine 3mg capsules

57627 Rivatev 4.6mg/24hours transdermal patches (Teva UK Ltd)

57171 Erastig 9.5mg/24hours transdermal patches (Teva UK Ltd)

55928 Exelon 4.5mg capsules (Waymade Healthcare Plc)

36976 Rivastigmine 4.6mg/24hours transdermal patches

56771 Rivastigmine 3mg capsules (Dr Reddy's Laboratories (UK) Ltd)

11546 Exelon 1.5mg capsules (Novartis Pharmaceuticals UK Ltd)

5616 Exelon 6mg capsules (Novartis Pharmaceuticals UK Ltd)

60723 Rivastigmine 6mg capsules (Waymade Healthcare Plc)

58780 Voleze 9.5mg/24hours transdermal patches (Focus Pharmaceuticals
Ltd)

11752 Rivastigmine 4.5mg capsules

53882 Rivastigmine 2mg/ml oral solution

37957 Exelon 9.5mg/24hours transdermal patches (Novartis
Pharmaceuticals UK Ltd)

11827 Rivastigmine 2mg/ml oral solution sugar free

37444 Exelon 4.6mg/24hours transdermal patches (Novartis
Pharmaceuticals UK Ltd)

11716 Exelon 3mg capsules (Novartis Pharmaceuticals UK Ltd)

4597 Rivastigmine 1.5mg capsules

9786 Rivastigmine 6mg capsules

20404 Exelon 4.5mg capsules (Novartis Pharmaceuticals UK Ltd)

37132 Rivastigmine 9.5mg/24hours transdermal patches

18556 Exelon 2mg/ml oral solution (Novartis Pharmaceuticals UK Ltd)

7329 Galantamine 20mg/5ml oral solution sugar free

5334 Reminyl 12mg tablets (Shire Pharmaceuticals Ltd)

10255 Galantamine 8mg modified-release capsules

61476 Acumor XL 24mg capsules (Generics (UK) Ltd)

24088 Reminyl XL 24mg capsules (Shire Pharmaceuticals Ltd)

11635 Galantamine 12mg tablets

9854 Reminyl 4mg tablets (Shire Pharmaceuticals Ltd)

18587 Reminyl XL 8mg capsules (Shire Pharmaceuticals Ltd)

11654 Galantamine 8mg tablets

48482 Galsya XL 8mg capsules (Consilient Health Ltd)

55720 Gatalin XL 24mg capsules (Aspire Pharma Ltd)

10187 Galantamine 4mg tablets

20140 Reminyl XL 16mg capsules (Shire Pharmaceuticals Ltd)

60493 Galantex XL 24mg capsules (Creo Pharma Ltd)

56709 Gatalin XL 16mg capsules (Aspire Pharma Ltd)

7361 Galantamine 24mg modified-release capsules

29288 Reminyl 4mg/ml oral solution (Shire Pharmaceuticals Ltd)

14309 Galantamine 16mg modified-release capsules

48015 Galsya XL 24mg capsules (Consilient Health Ltd)

18062 Reminyl 8mg tablets (Shire Pharmaceuticals Ltd)

9966 Ebixa Smg/pump oral solution (Lundbeck Ltd)

38976 Memantine Smg+10mg+15mg+20mg Tablet

61385 Nemdatine 10mg tablets (Actavis UK Ltd)
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6225

39240
57139
61618
39363
18800
39362
11837
56600
37188
2931

35088
60107
53842
36848
59871
2930

35179
5247

5400

58947
58709
58937

Memantine 10mg tablets

Memantine 20mg tablets

Ebixa 10mg tablets (DE Pharmaceuticals)

Nemdatine 20mg tablets (Actavis UK Ltd)

Ebixa 20mg tablets (Lundbeck Ltd)

Ebixa 10mg tablets (Lundbeck Ltd)

Ebixa tablets treatment initiation pack (Lundbeck Ltd)
Memantine 10mg/ml oral solution sugar free
Donepezil S5Smg tablets (Zentiva)

Aricept Evess 10mg orodispersible tablets (Eisai Ltd)
Donepezil 10mg tablets

Donepezil 10mg orodispersible tablets sugar free
Donepezil 5Smg tablets (Alliance Healthcare (Distribution) Ltd)
Aricept Smg tablets (Waymade Healthcare Plc)
Aricept Evess Smg orodispersible tablets (Eisai Ltd)
Donepezil 10mg/5ml oral suspension

Donepezil S5Smg tablets

Donepezil 5Smg orodispersible tablets sugar free
Aricept 10mg tablets (Eisai Ltd)

Aricept Smg tablets (Eisai Ltd)

Donepezil 10mg tablets (Accord Healthcare Ltd)
Donepezil 10mg tablets (A A H Pharmaceuticals Ltd)
Exelon 13.3mg/24hours transdermal patches (Novartis
Pharmaceuticals UK Ltd)

Appendix 02

MEDCODES
1917

7664

16797

29386

30706

32057

38678

49263

59122

DESCRIPTION

Alzheimer’s disease

[X]Dementia in Alzheimer's disease

Alzheimer's disease with early onset

[X]Dementia in Alzheimer's disease, unspecified
[X]Dementia in Alzheimer's dis, atypical or mixed type
Alzheimer's disease with late onset

[X]Dementia in Alzheimer's disease with late onset
[X]Dementia in Alzheimer's disease with early onset
[X]Other Alzheimer's disease
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Appendix 03

medcode
1684
11047
107331
107508
83532
101801
102611
108018
93657
95093
103543
95159
93530
93529
14803
506
43139
35105
41389
39317
63357
33807
56803
4513
5884
17859
18219
52303
50225
18209
50429
59725
70316
55842
67905
45919
62146
108005
34912
55075
65704
40401
62107

Description

Diabetic on oral treatment

Conversion to insulin

Conversion to insulin in secondary care

Conversion to insulin by diabetes specialist nurse

Diabetes type 2 review

Type II diabetic dietary review

Type 2 diabetic dietary review

Incretin mimetic treatment started

Referral to DESMOND diabetes structured education programme
Did not complete DESMOND diabetes structured educat program
Referral to DESMOND structured programme declined

Did not attend DESMOND diabetes structured education program
Attended DESMOND structured programme

DESMOND diabetes structured education programme completed
Diabetes mellitus, adult onset, no mention of complication
Non-insulin dependent diabetes mellitus

Diabetes mellitus, adult onset, with hyperosmolar coma
Diabetes mellitus, adult onset, with renal manifestation
Diabetes mellitus, adult onset, + ophthalmic manifestation
Diabetes mellitus, adult onset, + neurological manifestation
Diabetes mellitus, adult, + peripheral circulatory disorder
Diabetes mellitus, adult with gangrene

NIDDM with peripheral circulatory disorder

Non-insulin dependent diabetes mellitus

NIDDM - Non-insulin dependent diabetes mellitus

Type 2 diabetes mellitus

Type II diabetes mellitus

Non-insulin-dependent diabetes mellitus with renal comps
Type 1I diabetes mellitus with renal complications

Type 2 diabetes mellitus with renal complications
Non-insulin-dependent diabetes mellitus with ophthalm comps
Type II diabetes mellitus with ophthalmic complications

Type 2 diabetes mellitus with ophthalmic complications
Non-insulin-dependent diabetes mellitus with neuro comps
Type 1I diabetes mellitus with neurological complications
Type 2 diabetes mellitus with neurological complications
Non-insulin-dependent diabetes mellitus with multiple comps
Type 2 diabetes mellitus with multiple complications
Non-insulin dependent diabetes mellitus with ulcer

Type II diabetes mellitus with ulcer

Type 2 diabetes mellitus with ulcer

Non-insulin dependent diabetes mellitus with gangrene

Type 1I diabetes mellitus with gangrene
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46150
17262
58604
42762
8403
24458
45913
29979
105784
72320
50813
45467
47409
59365
64571
24836
43785
56268
61071
69278
48192
44779
54212
54899
60699
24693
18143
49869
40962
47816
66965
18278
37648
18264
36633
758
22884
18777
57278
47321
100964
34268
98616
65267
43227
49074
91646
12736

Type 2 diabetes mellitus with gangrene
Non-insulin-dependent diabetes mellitus with retinopathy
Type II diabetes mellitus with retinopathy

Type 2 diabetes mellitus with retinopathy

Non-insulin dependent diabetes mellitus - poor control
Type II diabetes mellitus - poor control

Type 2 diabetes mellitus - poor control
Non-insulin-dependent diabetes mellitus without complication
Type 2 diabetes mellitus without complication

Non-insulin dependent diabetes mellitus with mononeuropathy
Type II diabetes mellitus with mononeuropathy
Non-insulin dependent diabetes mellitus with polyneuropathy
Type II diabetes mellitus with polyneuropathy

Non-insulin dependent diabetes mellitus with nephropathy
Type II diabetes mellitus with nephropathy

Type 2 diabetes mellitus with nephropathy

Non-insulin dependent diabetes mellitus with hypoglyca coma
Type II diabetes mellitus with hypoglycaemic coma

Type 2 diabetes mellitus with hypoglycaemic coma
Non-insulin depend diabetes mellitus with diabetic cataract
Type II diabetes mellitus with diabetic cataract

Type 2 diabetes mellitus with diabetic cataract
Non-insulin-dependent d m with peripheral angiopath
Type II diabetes mellitus with peripheral angiopathy

Type 2 diabetes mellitus with peripheral angiopathy
Non-insulin dependent diabetes mellitus with arthropathy
Type II diabetes mellitus with arthropathy

Type 2 diabetes mellitus with arthropathy

Non-insulin dependent d m with neuropathic arthropathy
Type II diabetes mellitus with neuropathic arthropathy
Type 2 diabetes mellitus with neuropathic arthropathy
Insulin treated Type 2 diabetes mellitus

Insulin treated non-insulin dependent diabetes mellitus
Insulin treated Type II diabetes mellitus

Hyperosmolar non-ketotic state in type 2 diabetes mellitus
Type 2 diabetes mellitus

Type II diabetes mellitus

Type 2 diabetes mellitus with renal complications

Type II diabetes mellitus with renal complications

Type 2 diabetes mellitus with ophthalmic complications
Type II diabetes mellitus with ophthalmic complications
Type 2 diabetes mellitus with neurological complications
Type II diabetes mellitus with neurological complications
Type 2 diabetes mellitus with multiple complications

Type Il diabetes mellitus with multiple complications

Type 2 diabetes mellitus with ulcer

Type II diabetes mellitus with ulcer

Type 2 diabetes mellitus with gangrene
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104323
18496
49655
25627
47315
47954
53392
62674
95351
18425
50527
12640
102201
46917
98723
44982
93727
37806
104639
59253
103902
35385
1407
64668
34450
107701
26054
60796
18390
85991
32627
106528
51756
106061
25591
63690
7563

Type II diabetes mellitus with gangrene

Type 2 diabetes mellitus with retinopathy

Type II diabetes mellitus with retinopathy

Type 2 diabetes mellitus - poor control

Type II diabetes mellitus - poor control

Type 2 diabetes mellitus without complication

Type II diabetes mellitus without complication

Type 2 diabetes mellitus with mononeuropathy

Type II diabetes mellitus with mononeuropathy

Type 2 diabetes mellitus with polyneuropathy

Type II diabetes mellitus with polyneuropathy

Type 2 diabetes mellitus with nephropathy

Type II diabetes mellitus with nephropathy

Type 2 diabetes mellitus with hypoglycaemic coma

Type II diabetes mellitus with hypoglycaemic coma

Type 2 diabetes mellitus with diabetic cataract

Type II diabetes mellitus with diabetic cataract

Type 2 diabetes mellitus with peripheral angiopathy

Type II diabetes mellitus with peripheral angiopathy

Type 2 diabetes mellitus with arthropathy

Type II diabetes mellitus with arthropathy

Type 2 diabetes mellitus with neuropathic arthropathy
Insulin treated Type 2 diabetes mellitus

Insulin treated Type II diabetes mellitus

Hyperosmolar non-ketotic state in type 2 diabetes mellitus
Hyperosmolar non-ketotic state in type II diabetes mellitus
Type 2 diabetes mellitus with persistent proteinuria

Type Il diabetes mellitus with persistent proteinuria

Type 2 diabetes mellitus with persistent microalbuminuria
Type 1I diabetes mellitus with persistent microalbuminuria
Type 2 diabetes mellitus with ketoacidosis

Type 1I diabetes mellitus with ketoacidosis

Type 2 diabetes mellitus with ketoacidotic coma

Type 1I diabetes mellitus with ketoacidotic coma

Type 2 diabetes mellitus with exudative maculopathy
Type 2 diabetes mellitus with gastroparesis

Diabetic on diet only

Appendix 04

Medcode

10196
12350

Description
Ethnic groups (census)
African - ethnic category 2001 census
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12351
12352
12355
12402
12412
12414
12420
12421
12429
12432
12433
12434
12435
12436
12437
12443
12444
12452
12459
12460
12467
12468
12473
12482
12513
12532
12591
12608
12632
12633
12638
12653
12668
12681
12696
12706
12718
12719
12730
12742
12746
12756
12757
12760
12769
12778
12795
12873

British or mixed British - ethnic category 2001 census
English - ethnic category 2001 census

Greek - ethnic category 2001 census

Oth White European/European unsp/Mixed European 2001 census
Italian - ethnic category 2001 census

Indian or British Indian - ethnic category 2001 census
Filipino - ethnic category 2001 census

Other White background - ethnic category 2001 census
Ethnic group not given - patient refused

Caribbean - ethnic category 2001 census

Baltic Estonian/Latvian/Lithuanian - ethn categ 2001 census
Other - ethnic category 2001 census

Ethnic category - 2001 census

Scottish - ethnic category 2001 census

White and Black African - ethnic category 2001 census
Somali - ethnic category 2001 census

Other white ethnic group

Black British

Ethnic category not stated - 2001 census

Pakistani or British Pakistani - ethnic category 2001 census
Polish - ethnic category 2001 census

Chinese - ethnic category 2001 census

Japanese - ethnic category 2001 census

Indian

Other Asian background - ethnic category 2001 census
Irish - ethnic category 2001 census

Other White or White unspecified ethnic category 2001 census
Sri Lankan - ethnic category 2001 census

Black Caribbean

Other European (NMO)

White and Asian - ethnic category 2001 census

British Asian - ethnic category 2001 census

Other Asian ethnic group

Welsh - ethnic category 2001 census

Other ethnic, mixed origin

Chinese and White - ethnic category 2001 census

Chinese

Vietnamese - ethnic category 2001 census

Malaysian - ethnic category 2001 census

White and Black Caribbean - ethnic category 2001 census
Turkish - ethnic category 2001 census

South and Central American - ethnic category 2001 census
Other ethnic group

Tamil - ethnic category 2001 census

Greek Cypriot - ethnic category 2001 census

Black African

Black and Asian - ethnic category 2001 census

Other Mixed background - ethnic category 2001 census
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12887
22467
23955
24270
24272
24339
24340
24690
24740
24962
25082
25411
25422
25434
25451
25623
25676
25920
25937
26246
26310
26312
26341
26379
26391
26392
26455
28866
28887
28888
28900
28909
28935
28936
28973
30280
32066
32069
32110
32126
32136
32165
32382
32389
32396
32399
32401
32408

Sinhalese - ethnic category 2001 census

White

Ethnicity and other related nationality data

Irish (NMO)

Chinese

Black, other, non-mixed origin

Ethnic group not recorded

Pakistani

Bangladeshi

N African Arab/Iranian (NMO)

Iranian (NMO)

Vietnamese

Albanian - ethnic category 2001 census

Tokelauan

Moroccan - ethnic category 2001 census

Other Black - Black/White orig

Black - other, mixed

Indian

Iranian - ethnic category 2001 census

Latin American - ethnic category 2001 census

Other white British ethnic group

Black Black - other

Kosovan - ethnic category 2001 census

Other Asian (NMO)

Mixed Irish and other White - ethnic category 2001 census
Punjabi - ethnic category 2001 census

Any other group - ethnic category 2001 census

Croatian - ethnic category 2001 census

Cornish - ethnic category 2001 census

Bangladeshi or British Bangladeshi - ethn categ 2001 census
Other mixed White - ethnic category 2001 census

Mid East (excl Israeli, Iranian & Arab) - eth cat 2001 cens
Other Asian or Asian unspecified ethnic category 2001 census
Other republics former Yugoslavia - ethnic categ 2001 census
Commonwealth (Russian) Indep States - ethn categ 2001 census
Other ethnic non-mixed (NMO)

Turkish/Turkish Cypriot (NMO)

Turkish Cypriot (NMO)

Brit. ethnic minor. spec.(NMO)

Turkish (NMO)

Other black ethnic group

Other Black - Black/Asian orig
Mauritian/Seychellois/Maldivian/St Helena eth cat 2001census
Other Black background - ethnic category 2001 census

Other Asian

Caribbean Asian - ethnic category 2001 census

Other ethnic, Asian/White orig

Other Mixed or Mixed unspecified ethnic category 2001 census
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32413 Turkish Cypriot - ethnic category 2001 census

32420 Other ethnic, other mixed orig

32425 Black Caribbean and White

32443 Black African and White

32479 New Zealand Maori

32778 Cypriot (part not stated) - ethnic category 2001 census
32781 Traveller - gypsy

32886 Nigerian - ethnic category 2001 census

35350 Black - other Asian

35412 Black - other African country

35459 Other ethnic, mixed white orig

38097 E Afric Asian/Indo-Carib (NMO)

39696 Indian sub-continent (NMO)

40096 Mixed Black - ethnic category 2001 census
40097 Black British - ethnic category 2001 census
40102 Ulster Scots - ethnic category 2001 census
40110 Black and White - ethnic category 2001 census
41214 Other ethnic NEC (NMO)

41329 Black N African/Arab/Iranian

42290 Gypsy/Romany - ethnic category 2001 census
42294 Northern Irish - ethnic category 2001 census
45008 New Zealand ethnic groups

45199 Ethnic groups (census) NOS

45947 Greek/Greek Cypriot (NMO)

45955 Greek (NMO)

45964 Kurdish - ethnic category 2001 census

46047 Other Black or Black unspecified ethnic category 2001 census
46056 Mixed Asian - ethnic category 2001 census
46059 Arab - ethnic category 2001 census

46063 Jewish - ethnic category 2001 census

46649 South East Asian

46752 Other Pacific ethnic group

46812 Black North African

46818 East African Asian (NMO)

46956 Bosnian - ethnic category 2001 census

46964 Israeli - ethnic category 2001 census

47005 Asian and Chinese - ethnic category 2001 census
47028 North African - ethnic category 2001 census
47074 Serbian - ethnic category 2001 census

47077 East African Asian - ethnic category 2001 census
47091 Muslim - ethnic category 2001 census

47285 North African Arab (NMO)

47401 Other ethnic, Black/White orig

47601 Irish traveller

47949 Greek Cypriot (NMO)

47965 Black E Afric Asia/Indo-Caribb

47969 Other African countries (NMO)

48005 Black Indian sub-continent
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49658 Sikh - ethnic category 2001 census

49940 Black and Chinese - ethnic category 2001 census
50286 Black Iranian

54593 Caribbean I./W.1./Guyana (NMO)

55113 Traveller - ethnic category 2001 census
55223 Irish Traveller - ethnic category 2001 census
55584 Niuean

56127 Hindu - ethnic category 2001 census
57075 West Indian (NMO)

57094 Caribbean Island (NMO)

57286 New Zealand European

57435 Black Caribbean/W.I./Guyana

57752 Black Arab

57753 Black East African Asian

57763 Black Indo-Caribbean

57764 Brit. ethnic minor. unsp (NMO)

60837 Tongan

63872 Buddhist - ethnic category 2001 census
64133 Kashmiri - ethnic category 2001 census
64609 Fijian

64610 Samoan

71425 New Zealand ethnic group NOS

85505 Other European in New Zealand

89910 Cook Island Maori

93144 Guyana (NMO)

94487 Yemeni

96789 Other New Zealand ethnic group

98111 White British - ethnic category 2001 census
98213 White Irish - ethnic category 2001 census
99316 Indo-Caribbean (NMO)

99788 Bulgarian

99808 Romanian

100143 Czech

101162 Nepali

101219 Portuguese

101787 Slovak

Appendix 05

93 Cigarette smoker

1822 Very heavy smoker - 40+cigs/d
1823 Smoker

1878 Moderate smoker - 10-19 cigs/d

176



2111 Health ed. - smoking

3568 Heavy smoker - 20-39 cigs/day

7622 Smoking cessation advice

10184 Pregnancy smoking advice

10558 Current smoker

10742 Referral to stop-smoking clinic

11356 Seen by smoking cessation advisor

11527 DNA - Did not attend smoking cessation clinic

12240 Trying to give up smoking

12941 Occasional smoker

12942 Smoker - amount smoked

12943 Cigar smoker

12944 Light smoker - 1-9 cigs/day

12945 Rolls own cigarettes

12947 Pipe smoker

12951 Smoking restarted

12952 Smoking started

12953 Attends stop smoking monitor.

12958 Trivial smoker - < 1 cig/day

12960 Tobacco consumption NOS

12963 Cigar consumption

12964 Keeps trying to stop smoking

12965 Cigarette consumption

12966 Smoking reduced

12967 Pipe tobacco consumption

18573 Referral to smoking cessation advisor

18926 Lifestyle advice regarding smoking

30423 Thinking about stopping smoking

30762 Not interested in stopping smoking

31114 Ready to stop smoking

41979 Smoking restarted

46321 Reason for restarting smoking

46654 Admitted tobacco cons untrue ?

62686 Minutes from waking to first tobacco consumption
74907 Smoking cessation therapy

81440 Nicotine replacement therapy using nicotine patches
85247 Nicotine replacement therapy using nicotine inhalator
85975 Nicotine replacement therapy using nicotine gum
89464 Nicotine replacement therapy using nicotine lozenges
90522 Smoking cessation therapy NOS

91708 Other specified smoking cessation therapy

94958 Smoking cessation drug therapy

96992 Smoking cessation - enhanced services administration
98137 Brief intervention for smoking cessation

98154 Referral to NHS stop smoking service

98283 COPD structured smoking assessment declined - enh serv admin
98284 Refer COPD structured smoking assessment - enhanc serv admin
98347 Current smoker annual review - enhanced services admin
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98493
100099
101325
101338
101385
101634
101851
102361
103400
103507
103760
104185
104230
104310
105501
106359
106391
90

776
12878
12946
12955
12956
12957
12959
12961
19488
26470
97210
98447
99838
100495
100963
33

Smoking cessatn monitor template complet - enhanc serv admin
Smoking cessation advice declined

Declin cons follow-up evaluation after smoking cess interven
Failed attempt to stop smoking

Consent given for follow-up by smoking cessation team
Consent given follow-up after smoking cessation intervention
Declined consent for follow-up by smoking cessation team
Referral for smoking cessation service offered

Referred for COPD structured smoking assessment

Stop smoking service opportunity signposted

COPD structured smoking assessment declined

Smoking cessation drug therapy declined

Smoking cessation programme declined

Current smoker annual review

Waterpipe tobacco consumption

Referral to smoking cessation service

Referral to smoking cessation service declined

Ex smoker

Stopped smoking

Date ceased smoking

Ex-smoker - amount unknown

Ex-moderate smoker (10-19/day)

Ex-heavy smoker (20-39/day)

Ex-light smoker (1-9/day)

Ex-very heavy smoker (40+/day)

Ex-trivial smoker (<1/day)

Ex cigar smoker

Ex pipe smoker

Ex-cigarette smoker

Ex-smoker annual review - enhanced services administration
Recently stopped smoking

Ex roll-up cigarette smoker

Ex-smoker annual review

Never smoked tobacco

Appendix 06

Medcode
322

385

669

1399
1476
1618

Description
Moderate drinker - 3-6u/day
Drinks rarely
Nondependent alcohol abuse, unspecified
Alcohol problem drinking
Delirium tremens
Heavy drinker - 7-9u/day
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2081
2082
2083
2084
2925
3216
4447
4500
4506
4743
4915
5740
5758
6169
6467
7123
7602
7746
7885
7943
8030
8363
8388
8430
8999
9489
9849
10691
11106
11670
12353
12442
12496
12554
12970
12972
12974
12975
12976
12977
12979
12980
12982
12984
12985
16225
17259
17330

Alcoholism

Alcohol withdrawal syndrome

Alcohol detoxification

Alcohol dependence syndrome

Alcoholic polyneuropathy

Acute alcoholic hepatitis

Non-drinker alcohol

Korsakov's alcoholic psychosis

Alcoholic gastritis

Alcoholic cirrhosis of liver

Alcoholic cardiomyopathy

Acute alcoholic intoxication in alcoholism
[X]Chronic alcoholism

Alcohol dependence syndrome NOS
[X]Alcoholic hallucinosis

[V]Personal history of alcoholism

Chronic alcoholic hepatitis
Nondependent alcohol abuse

Alcoholic liver damage unspecified

Alcoholic hepatitis

[V]Alcohol abuse counselling and surveillance
Oesophageal varices in alcoholic cirrhosis of the liver
[V]Alcohol rehabilitation

H/O: alcoholism

Heavy drinker

Under care of community alcohol team
Referral to community alcohol team

Alcoholic fatty liver

Korsakov's alcoholic psychosis with peripheral neuritis
[X]Korsakov's psychosis, alcohol induced
[X]Mental & behav dis due to use alcohol: psychotic disorder
Alcohol disorder monitoring

Community detoxification registered

Referral to community drug and alcohol team
Non drinker alcohol

Light drinker - 1-2u/day
Nondependent alcohol abuse, episodic

Trivial drinker - <lu/day

Suspect alcohol abuse - denied

Very heavy drinker - >9u/day

Current non drinker

Light drinker

Alcohol intake above recommended sensible limits
Very heavy drinker

Moderate drinker

Alcohol withdrawal delirium

[X]Delirium tremens, alcohol induced
Alcoholic hepatic failure
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17607
18156
18636
19401
19494
20514
20762
21412
21624
21650
21713
21879
2277

24064
24984
25110
26106
26323
26472
27342
28150
28780
29691
30162
30404
30604
30695
31443
32927
32964
33635
33670
33839
35330
36296
36748
37605
37691
37946
38061
39327
39799
40530
41920
43193
47123
47555
48241

[X]Alcoholic psychosis NOS

Alcoholics anonymous

Wernicke-Korsakov syndrome

Binge drinker

Hazardous alcohol use

[X]Mental and behav dis due to use alcohol: withdrawal state
Alcohol amnestic syndrome

Adverse reaction to alcohol deterrents

Episodic acute alcoholic intoxication in alcoholism
Admitted to alcohol detoxification centre

Alcoholic fibrosis and sclerosis of liver

[X]Mental and behav dis due to use of alcohol: harmful use
DTs - delirium tremens

Continuous chronic alcoholism

Alcohol-induced chronic pancreatitis

Alcohol withdrawal hallucinosis

Episodic chronic alcoholism

[X]Alcoholic dementia NOS

Alcohol intake within recommended sensible limits
Alcoholic dementia NOS

Nondependent alcohol abuse NOS

[X]Alcohol addiction

Aversion therapy - alcoholism

[X]Alcoholic paranoia

Alcoholic paranoia

Alcohol-induced epilepsy

Harmful alcohol use

Chronic alcoholism

[X]Alcohol withdrawal-induced seizure

Alcohol abuse monitoring

Chronic alcoholism NOS

Other alcoholic psychosis

Cerebellar ataxia due to alcoholism

Alcohol consumption counselling

Acute alcoholic intoxication in alcoholism NOS
Alcoholic encephalopathy

Dipsomania

[X]Chronic alcoholic brain syndrome

Chronic alcoholic brain syndrome

Alcohol induced hallucinations

[X]Mental and behav dis due to use alcohol: dependence syndr
[X]Mental and behav dis due to use alcohol: amnesic syndrome
Acute alcoholic intoxication, unspecified, in alcoholism
Alcohol amnestic syndrome NOS

Unspecified chronic alcoholism

Alcohol counselling by other agencies

Cerebral degeneration due to alcoholism

[X] Adverse reaction to alcohol deterrents
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54505
56410
56947
57714
59574
62000
64101
65754
65932
67651
68111
69691
73876
94553
94670
96053
96054
97261
97680
100474
101718
102247
102448
102665
103459
104611

Other alcoholic dementia

Delivery of rehabilitation for alcohol addiction

Continuous acute alcoholic intoxication in alcoholism
Alcohol dependence with acute alcoholic intoxication

Acute alcoholic intoxication in remission, in alcoholism
[X]Men & behav dis due alcoh: resid & late-onset psychot dis
[X]Men & behav dis due alcohl: withdrawl state with delirium
Alcohol-induced pseudo-Cushing's syndrome

[X]Alcoholic jealousy

Alcoholic psychosis NOS

Other alcoholic psychosis NOS

[X]Dipsomania

[X]Alcohol deterrents caus adverse effects in therapeut use
Referral to specialist alcohol treatment service

Alcohol misuse

Brief intervention for excessive alcohol consumptn completed
Extended intervention for excessive alcohol consumptn complt
Brief intervention for excessive alcohol consumptn declined
Declined referral to specialist alcohol treatment service
Laennec's cirrhosis

Drinks in morning to get rid of hangover

Extended interven for excessive alcohol consumption declined
Higher risk drinking

Increasing risk drinking

Referral to community alcohol team declined
Alcohol-induced acute pancreatitis

Appendix 07

medcode
2

3

126

430

2839
3176
7984

Description

O/E - weight

O/E - height

O/E - Underweight
Obesity

O/E - overweight

Has seen dietician - obesity
O/E - obese
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8105

8854

9015

11401
12530
13278
16196
16404
17444
17477
17949
21520
21744
22556
22695
23376
24496
24755
25061
25968
26473
27570
28946
29029
29538
32843
32914
32974
38059
38294
38632
38658
38799
40153
41045
42309
44291
47439
49250
49409
52034
52036
52735
55585
55586
57111
59780
64712

Body Mass Index

Morbid obesity

Body mass index index 25-29 - overweight
Simple obesity NOS
[D]Underweight

Body mass index 30+ - obesity
H/O: obesity

O/E - weight 10-20% over ideal
Reason for obesity therapy - occupational
[V]Dietary counselling in obesity
Weight screen

O/E - weight NOS

Obesity clinic administration
Body mass index 40+ - severely obese
Central obesity

O/E - weight within 10% ideal
Body mass index less than 20
Pickwickian syndrome

Ideal weight

Generalised obesity

O/E - weight > 20% below ideal
Treatment of obesity stopped
Body Mass Index normal K/M2
O/E -weight 10-20% below ideal
Follow-up obesity assessment
Obesity monitoring admin.

Body Mass Index low K/M2

O/E - weight > 20% over ideal
Extreme obesity with alveolar hypoventilation
Pickwickian syndrome
Treatment of obesity started
Initial obesity assessment
Obesity due to excess calories
Obesity monitoring NOS

O/E - height NOS

Baseline weight

Body mass index 20-24 - normal
Obesity monitoring check done
Drug-induced obesity

Obesity monitoring 1st letter
Attends obesity monitoring
Obesity monitoring default
Obesity monitoring admin.NOS
Obesity monitoring 3rd letter
Obesity monitoring 2nd letter
Height and Weight

O/E - obese
Treatment of obesity changed

182



66406
67516
67517
69757
70898
70950
73304
101047
103499
103574
104129
104421
105800

Obesity and other hyperalimentation
Refuses obesity monitoring

Obesity monitor phone invite
[X]Other obesity

Obesity and other hyperalimentation NOS
Obesity monitoring verbal inv.
Obesity monitoring deleted

Body mass index centile
Overweight

Obesity hypoventilation syndrome
Adult-onset obesity

Lifelong obesity

Baseline body mass index

Appendix 08

Medcode
676
97533
69753
102458
18057
45149
1894
63000
52427
52127
61660
43935
37086
11726
8732
8857
83473
799
10818
21526
16565
2666
351
102406
19070
12680
36305
24127

Description

[D]Raised blood pressure reading
[X]Hypertension secondary to other renal disorders
[X]Hypertensive diseases

[X]Other secondary hypertension
Antihypertensive therapy

Attends hypertension monitor.

Benign essential hypertension

Benign hypertensive heart and renal disease
Benign hypertensive heart disease

Benign hypertensive heart disease with CCF
Benign hypertensive heart disease without CCF
Benign hypertensive renal disease

Blind hypertensive eye

Blood pressure procedure refused

BP - hypertensive disease

Cardiomegaly - hypertensive

Diastolic hypertension

Essential hypertension

Essential hypertension NOS

Gestational hypertension

Good hypertension control

H/O: hypertension

High blood pressure

Hypertension 9 month review

Hypertension annual review

Hypertension clinical management plan
Hypertension monitor.chck done
Hypertension monitored
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4444
13186
5215
3712
105480
18482
21826
12948
22333
30776
204
7057
63466
68659
28684
16292
31464
16173
62718
61166
21837
4668
15106
32423
6702
13188
15377
67232
50157
72668
95334
39649
18590
3425
18765
11056
27511
107704
245
5513
29310
57288
51635
25371
7329
16059
42229
31755

Hypertension monitoring

Hypertension monitoring

Hypertension monitoring admin.

Hypertension NOS

Hypertension resistant to drug therapy
Hypertension six month review

Hypertension treatm. started

Hypertension treatm.stopped

Hypertension treatment refused
Hypertension:follow-up default

Hypertensive disease

Hypertensive disease NOS

Hypertensive heart and renal disease
Hypertensive heart and renal disease NOS
Hypertensive heart and renal disease with renal failure
Hypertensive heart disease

Hypertensive heart disease NOS

Hypertensive heart disease NOS

Hypertensive heart disease NOS with CCF
Hypertensive heart disease NOS without CCF
Hypertensive heart&renal dis wth (congestive) heart failure
Hypertensive renal disease

Hypertensive renal disease NOS

Hypertensive renal disease with renal failure
Hypertensive retinopathy

Hypertensive treatm.changed

Malignant essential hypertension

Malignant hypertensive heart and renal disease
Malignant hypertensive heart disease
Malignant hypertensive heart disease with CCF
Malignant hypertensive heart disease without CCF
Malignant hypertensive renal disease

Moderate hypertension control

On treatment for hypertension

Other specified hypertensive disease

Patient on maximal tolerated antihypertensive therapy
Poor hypertension control

Primary hypertension

Primary pulmonary hypertension

Referral to hypertension clinic

Renal hypertension

Secondary benign hypertension

Secondary benign hypertension NOS
Secondary benign renovascular hypertension
Secondary hypertension

Secondary hypertension NOS

Secondary hypertension NOS

Secondary malignant hypertension
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73293 Secondary malignant hypertension NOS

59383 Secondary malignant renovascular hypertension

34065 Secondary pulmonary hypertension

31387 Secondary renovascular hypertension NOS

105487 Severe hypertension

105989 Severe hypertension (Nat Inst for Health Clinical Ex 2011)
105316 Stage 1 hypertension

105371 Stage 1 hypertension (NICE - Nat Ins for Hth Clin Excl 2011)
105274 Stage 2 hypertension (NICE - Nat Ins for Hth Clin Excl 2011)
37243 Standing diastolic blood pressure

4372 Systolic hypertension

102444 Thromboembolic pulmonary hypertension

Appendix 09

Medcode Description

13254 Family history of familial hypercholesterolaemia
12596 FH: Hypercholesterolaemia in first degree relative
26915 Plasma random HDL cholesterol level
13762 Plasma fasting HDL cholesterol level
33304 Plasma random LDL cholesterol level
29699 Plasma fasting LDL cholesterol level
34548 Plasma HDL cholesterol level

19764 Plasma LDL cholesterol level

14105 Cholesterol/HDL ratio

14371 Serum cholesterol/HDL ratio

40935 Plasma cholesterol/HDL ratio

35583 Serum cholesterol/LDL ratio

50393 Plasma cholesterol/LDL ratio

63314 Serum cholesterol/VLDL ratio

18040 Plasma total cholesterol level

12 Serum cholesterol

29202 Serum cholesterol borderline

2493 Serum cholesterol raised

35720 Serum cholesterol very high

44 Serum HDL cholesterol level

65 Serum LDL cholesterol level

13816 Serum VLDL cholesterol level

14370 Serum HDL:non-HDL cholesterol ratio
37206 Serum cholesterol studies

13760 Serum fasting HDL cholesterol level
13761 Serum random HDL cholesterol level
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13765
46224
14372
14108
18147
13766
13733
12821
26902
61996
106626
99677
14136
10783
39147
51023
10899
6243
71747
2091
30335
18708
339
3484
3386
26019
102958
53091
7447
5791
102390
637
107252
66240
37905
23089
105492
50923

33694
12569
34825
34224
37272

Serum fasting LDL cholesterol level
Serum random LDL cholesterol level
Total cholesterol:HDL ratio

HDL : total cholesterol ratio

Total cholesterol measurement

Calculated LDL cholesterol level

Serum total cholesterol level

Serum fasting total cholesterol

Serum cholesterol NOS

O/E: cholesterol gall stone

Calculus cholesterol content

Calculus = cholesterol

Fluid sample cholesterol level

Cholesterol reduction programme
Cholesterol reduction programme - invited
Cholesterol reduction program - attended
Cholesterol reduction program - declined
Patient advised re low cholesterol diet
Hyperlipidaemia clinical management plan
Seen in cholesterol clinic

DNA - Did not attend cholesterol clinic
Disorder of cholesterol metabolism

Pure hypercholesterolaemia

Familial hypercholesterolaemia

Familial hypercholesterolaemia
Hyperlipidaemia, group A

Polygenic hypercholesterolaemia

Other specified pure hypercholesterolaemia
Pure hypercholesterolaemia NOS

Mixed hyperlipidaemia

Familial combined hyperlipidaemia
Hyperlipidaemia NOS
Hypercholesterolaemia

[X]Other hyperlipidaemia

Cholesterol granuloma

Cholesterolosis of gallbladder

Cholesterol embolus syndrome
[X]Antihyperlipidaem/antiarterioscl drg cause adv eff the
use

Dietary advice for hyperlipidaemia
[V]Dietary surveillance in hypercholesterolaemia
Hyperbetalipoproteinaemia

LDL hyperlipoproteinaemia
Fredrickson type Ila lipidaem
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Appendix 10

medcode
52246
34135
6305
5871
66873
100639
107195
18686
107886
10792
105100
104505
28914
17960
94115
59604
104517
71022
26094
93770
66933
104715
71127
23086
34824
55351
100015
13707
56458
18804
104638
32959
31218
28753
34245
34375
51465
89913
36568
55885
64467
84404
54744

Description

Stroke group member

H/O: CVA/stroke

H/O: CVA

H/O: stroke

H/O: Stroke in last year

Central post-stroke pain

Stroke self-management plan agreed

Stroke/CV A annual review

Stroke annual review

Stroke monitoring

Stroke 6 month review

Stroke initial post discharge review

Haemorrhagic stroke monitoring

Carotid, cerebral and subclavian artery operations

Other open operations on cerebral artery or circle of Willis
Anastomosis of cerebral artery

Open embolectomy of cerebral artery

Transluminal operations on cerebral artery/ circle of Willis
Embolisation of cerebral artery NEC

Percutaneous transluminal insertion of stent cerebral artery
Transluminal operation on cerebral art/circle of Willis OS
Transluminal operation on cerebral art/circle of Willis NOS
Carotid, cerebral and subclavian artery operations NOS
[SO]Cerebral artery

[SO]Posterior cerebral artery

Delivery of rehabilitation for stroke

Transient ischaemic attack clinical management plan
Stroke / transient ischaemic attack referral

Ref to multidisciplinary stroke function improvement service
Referral to stroke clinic

Ref multidisciplinary stroke function improvement declined
Seen in Stroke Clinic

Stroke/transient ischaemic attack monitoring administration
Stroke/transient ischaemic attack monitoring first letter
Stroke/transient ischaemic attack monitoring second letter
Stroke/transient ischaemic attack monitoring third letter
Stroke/transient ischaemic attack monitoring verbal invitation
Stroke/transient ischaemic attack monitoring telephone invite
Embolism of central nervous system venous sinus
Embolism cavernous sinus

Embolism superior longitudinal sinus

Embolism transverse sinus

Cerebral degeneration due to cerebrovascular disease

187



5644 Anoxic - ischaemic encephalopathy

63746 [X]Other transient cerebral ischaemic attacks+related
syndromes

19412 Subarachnoid haemorrhage from middle cerebral artery

5051 Intracerebral haemorrhage

6960 CVA - cerebrovascular acid due to intracerebral haemorrhage

18604 Stroke due to intracerebral haemorrhage

31595 Cortical haemorrhage

40338 Internal capsule haemorrhage

46316 Basal nucleus haemorrhage

13564 Cerebellar haemorrhage

7912 Pontine haemorrhage

62342 Bulbar haemorrhage

30045 External capsule haemorrhage

30202 Intracerebral haemorrhage, intraventricular

57315 Intracerebral haemorrhage, multiple localized

107440 Lobar cerebral haemorrhage

31060 Intracerebral haemorrhage in hemisphere, unspecified

28314 Left sided intracerebral haemorrhage, unspecified

19201 Right sided intracerebral haemorrhage, unspecified

3535 Intracerebral haemorrhage NOS

45781 Precerebral arterial occlusion

63830 Stenosis of precerebral arteries

4152 Thrombosis, carotid artery

98642 Multiple and bilateral precerebral arterial occlusion

51326 Other precerebral artery occlusion

23671 Cerebral infarct due to thrombosis of precerebral arteries

24446 Cerebral infarction due to embolism of precerebral arteries

71585 Precerebral artery occlusion NOS

8837 Cerebral arterial occlusion

5363 CVA - cerebral artery occlusion

6155 Stroke due to cerebral arterial occlusion

16517 Cerebral thrombosis

36717 Cerebral infarction due to thrombosis of cerebral arteries

15019 Cerebral embolism

34758 Cerebral embolus

27975 Cerebral infarction due to embolism of cerebral arteries

3149 Cerebral infarction NOS

25615 Brainstem Infarction

47642 Wallenberg syndrome

9985 Left sided cerebral infarction

10504 Right sided cerebral infarction

26424 Infarction of basal ganglia

504 Transient cerebral ischaemia

1433 Transient ischaemic attack

23942 Basilar artery syndrome

33377 Vertebral artery syndrome

21118 Vertebro-basilar artery syndrome
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23465
44765
50594
105738
19354
1895
55247
16507
15788
1469
1298
6253
6116
18689
19280
19260
8443
17322
33499
51767
7780
12833
11171
40053
24385
39344
31704
51759
57527
65770
71274
101733
48149
39403
6228
40758
33543
53810
91627
53745
90572
92036
96630
94482
55974
47607
56279
19688

Subclavian steal syndrome

Carotid artery syndrome hemispheric

Multiple and bilateral precerebral artery syndromes
Carotid territory transient ischaemic attack

Other transient cerebral ischaemia

Transient cerebral ischaemia NOS

Impending cerebral ischaemia

Intermittent cerebral ischaemia

Transient cerebral ischaemia NOS

Stroke and cerebrovascular accident unspecified

CVA unspecified

Stroke unspecified

CVA - Cerebrovascular accident unspecified

Middle cerebral artery syndrome

Anterior cerebral artery syndrome

Posterior cerebral artery syndrome

Brain stem stroke syndrome

Cerebellar stroke syndrome

Pure motor lacunar syndrome

Pure sensory lacunar syndrome

Left sided CVA

Right sided CVA

Cerebral atherosclerosis

Generalised ischaemic cerebrovascular disease NOS
Chronic cerebral ischaemia

Cereb infarct due cerebral venous thrombosis, nonpyogenic
Occlusion/stenosis cerebral arts not result cerebral infarct
Occlusion and stenosis of middle cerebral artery
Occlusion and stenosis of anterior cerebral artery
Occlusion and stenosis of posterior cerebral artery
Occlusion+tstenosis of multiple and bilat cerebral arteries
Cerebral vein thrombosis

Sequelae of intracerebral haemorrhage

Sequelae of cerebral infarction

Sequelae of stroke,not specfd as h'morrhage or infarction
Cereb infarct due unsp occlus/stenos precerebr arteries
Cerebrl infarctn due/unspcf occlusn or sten/cerebrl artrs
[X]Oth intracerebrl h'morrhage

[X]Cerebrl infarctn due/unspcf occlusn or sten/cerebrl artrs
[X]Other cerebral infarction

[X]Occlusion and stenosis of other precerebral arteries
[X]Occlusion and stenosis of other cerebral arteries
[X]Intracerebral haemorrhage in hemisphere, unspecified
[X]Cereb infarct due unsp occlus/stenos precerebr arteries
Cerebral venous thrombosis in the puerperium

CVA - cerebrovascular accident in the puerperium
Stroke in the puerperium

Cerebral anoxia complication
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42248 Discharge from stroke serv

19348 [V]Personal history of stroke

7138 [V]Personal history of cerebrovascular accident (CVA)
101251 [V]Personal history of transient ischaemic attack
13567 H/O: TIA

43451 Sequelae of other nontraumatic intracranial haemorrhage
44740 Sequelae of subarachnoid haemorrhage

15788 Transient cerebral ischaem.NOS

240 Ischaemic heart disease

241 Acute myocardial infarction

569 Infarction - cerebral

732 Transluminal balloon angioplasty of coronary artery NOS
1204 Heart attack

1344 Coronary artery disease

1414 Angina on effort

1430 Angina pectoris

1431 Unstable angina

1655 Triple vessel disease of the heart

1676 Ischaemic heart disease NOS

1677 MI - acute myocardial infarction

1678 Inferior myocardial infarction NOS

1792 IHD - Ischaemic heart disease

2155 Ventricular cardiac aneurysm

2156 Stenosis, carotid artery

2417 Vertebro-basilar insufficiency

2491 Coronary thrombosis

2652 Carotid artery stenosis

2654 Endarterectomy of carotid artery NEC

2901 Transluminal balloon angioplasty of coronary artery
3132 Drop attack

3159 Other specified other bypass of coronary artery
3704 Acute subendocardial infarction

3999 Single coronary vessel disease

4017 Old myocardial infarction

4240 Carotid artery occlusion

4635 Cerebral aneurysm, nonruptured

4656 Crescendo angina

5185 Lateral medullary syndrome

5254 Double coronary vessel disease

5268 Insufficiency - basilar artery

5387 Other specified anterior myocardial infarction

5413 Coronary atherosclerosis

5602 Cerebellar infarction

5703 Percutaneous balloon coronary angioplasty

5744 Open angioplasty of coronary artery

5904 Coronary artery operations

6182 Other therapeutic transluminal op on coronary artery OS
6331 Aneurysm of heart
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6336
6489
7134
7137
7320
7347
7442
7609
7634
7696
7783
8312
8679
8935
8942
9276
9413
9414
9507
9555
10209
10260
10562
10603
10794
11048
11610
11983
12139
12229
12733
12804
12986
13185
13187
13566
13571
14658
14782
14897
14898
15252
15349
15373
15661
15754
16408
16956

H/O: angina pectoris

Transient global amnesia

Other autograft bypass of coronary artery

Saphenous vein graft replacement of coronary artery OS
Ischaemic cardiomyopathy

Unstable angina

Saphenous vein graft replacement of three coronary arteries
Other autograft replacement of coronary artery NOS
Saphenous vein graft replacement of two coronary arteries
Syncope anginosa

ECG: myocardial infarction

Saphenous vein graft bypass of coronary artery
Saphenous vein graft replacement of one coronary artery
Acute inferolateral infarction

Insertion of coronary artery stent

Acute coronary insufficiency

Other acute and subacute ischaemic heart disease

Other autograft replacement of coronary artery

Acute non-Q) wave infarction

Post infarct angina

Autograft replacement of three coronary arteries NEC
Coronary heart disease review

Acute non-ST segment elevation myocardial infarction
Coronary artery operations NOS

Vertebrobasilar insufficiency

Variant angina pectoris

Saphenous vein graft replacement of four+ coronary arteries
Acute coronary syndrome

Acute anterolateral infarction

Acute ST segment elevation myocardial infarction
Carotid endarterectomy and patch

Stable angina

Prinzmetal's angina

Angina control

CHD monitoring

Attack - heart

Thrombosis - coronary

Acute myocardial infarction NOS

Angina control - improving

Anterior myocardial infarction NOS

Lateral myocardial infarction NOS

Brainstem infarction NOS

Angina control NOS

Angina control - poor

Dressler's syndrome

Other chronic ischaemic heart disease NOS

Healed myocardial infarction

Cerebral palsy, not congenital or infantile, acute
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17054
17133
17307
17464
17689
17872
18118
18125
18135
18249
18670
18842
18889
19046
19164
19193
19298
19402
19413
19542
19655
20095
20416
21844
22020
22383
22647
22828
23078
23579
23708
23892
24126
24540
24783
24888
25842
26863
26966
26972
26973
26975
27484
27951
27977
28138
28554
28736

[SO]Coronary artery

Mural thrombosis

Angina at rest

Personal history of myocardial infarction

Silent myocardial infarction

Acute anteroseptal infarction

Worsening angina

Nocturnal angina

Coronary heart disease annual review

Saphenous vein graft replacement of coronary artery
Percut transluminal balloon angioplasty one coronary artery
Subsequent myocardial infarction

Asymptomatic coronary heart disease

Rotary blade coronary angioplasty

Repair of aneurysm of coronary artery

Prosthetic replacement of coronary artery NOS
Cardiac event recording

Prosthetic replacement of coronary artery

Autograft replacement of two coronary arteries NEC
Angina control - good

Angina at rest

Angina decubitus

Atherosclerotic heart disease

Transient myocardial ischaemia

Endarterectomy of coronary artery NEC

Other specified ischaemic heart disease

LIMA single anastomosis

Percutaneous transluminal laser coronary angioplasty
Chronic myocardial ischaemia

Postmyocardial infarction syndrome

Atrial septal defect/curr comp folow acut myocardal infarct
Posterior myocardial infarction NOS
Haemopericardium/current comp folow acut myocard infarct
Chronic coronary insufficiency

Arteriosclerotic heart disease

Other therapeutic transluminal operations on coronary artery
Angina pectoris NOS

New onset angina

ECG: S-T elevation

ECG:posterior/inferior infarct

ECG:shows myocardial ischaemia

ECG: antero-septal infarct.

Cardiac aneurysm

Other acute and subacute ischaemic heart disease
Other acute and subacute ischaemic heart disease NOS
Other chronic ischaemic heart disease

Angina pectoris NOS

Acute atrial infarction
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28837
29300
29421
29553

29643
29758
29902
29973
30330
30421
30963
31519
31540
31556
31571
31679
32272
32447
32450
32651
32854
33461
33471
33620
33650
33718
33735
34328
34633
34803
34963
34965
35287
35713
36011
36423
36523
36609
36854
37657
37682
37719
38609
39449
39546
39655
39693

Creation of bypass from mammary artery to coronary artery
Angina control - worsening

Silent myocardial ischaemia

Thrombosis atrium,auric append&vent/curr comp foll acute
MI

Acute inferoposterior infarction

Acute transmural myocardial infarction of unspecif site
Angina decubitus NOS

Percutaneous transluminal angioplasty of carotid artery
Acute Q-wave infarct

Cardiac rupture following myocardial infarction (MI)
Suspected ischaemic heart disease

Double implant of mammary arteries into coronary arteries
Revision of bypass for three coronary arteries

Allograft replacement of coronary artery

Other specified operations on coronary artery

Other therapeutic transluminal op on coronary artery NOS
Postoperative myocardial infarction

Basilar artery occlusion

Ischaemic chest pain

Allograft bypass of coronary artery

Acute posterolateral myocardial infarction

Revision of bypass for coronary artery

Other bypass of coronary artery NOS

Repair of coronary artery NEC

Percut transluminal coronary thrombolysis with streptokinase
Double anastomosis of mammary arteries to coronary arteries
Percut translum balloon angioplasty mult coronary arteries
Refractory angina

Other specified chronic ischaemic heart disease

Other acute myocardial infarction

Other bypass of coronary artery

Diagnostic transluminal operations on coronary artery
ECG: myocardial ischaemia NOS

Other specified chronic ischaemic heart disease NOS
Prosthetic bypass of coronary artery

Certain current complication follow acute myocardial infarct
Preinfarction syndrome

Atherosclerotic cardiovascular disease

Coronary artery spasm

Ventric septal defect/curr comp fol acut myocardal infarctn
Connection of mammary artery to coronary artery
Connection of mammary artery to coronary artery OS
Subsequent myocardial infarction of inferior wall

Coronary thrombosis not resulting in myocardial infarction
[X]Other forms of angina pectoris

Impending infarction

Subendocardial ischaemia
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39904
40399
40429
40847
40996
41221
41547
41677
41757
41762
41835
42104
42304
42462
42708
43939
44561
44585
44723
45370
45476
45809
45886
45960
46017
46112
46166
46276
47580
47637
47788
48767
48822
50372
51043
51507

51515
51702
52517
52615
52637
52705
52938
54251
54535
55074
55092

ECG: old myocardial infarction

H/O: myocardial infarct >60

Acute anteroapical infarction

Vertebral artery occlusion

Percut translum coronary thrombolytic therapy- streptokinase
Acute septal infarction

Transluminal balloon angioplasty of coronary artery OS
Aneurysm of heart NOS

Other open operation on coronary artery NOS

H/O: CVS disease NOS

Postoperative subendocardial myocardial infarction

ECG: S-T depression

Insertion of drug-eluting coronary artery stent

Percut translum balloon angioplasty bypass graft coronary a
Autograft replacement of four of more coronary arteries NEC
Perc translumin balloon angioplasty stenting coronary artery
Autograft replacement of one coronary artery NEC

Repair of coronary artery NOS

Single anast mammary art to left ant descend coronary art
Allograft replacement of four or more coronary arteries
H/O: Treatment for ischaemic heart disease

Subsequent myocardial infarction of anterior wall

Allograft replacement of three coronary arteries
Antianginal therapy

Other acute myocardial infarction NOS

Postoperative transmural myocardial infarction anterior wall
Subsequent myocardial infarction of unspecified site
Postoperative transmural myocardial infarction inferior wall
Percutaneous transluminal insertion stent carotid artery
[X]Other forms of chronic ischaemic heart disease

Other open operations on coronary artery

Allograft replacement of coronary artery NOS

LIMA sequential anastomosis

H/O: Myocardial infarction in last year

Duke's coronary artery disease score

Single anastomosis of mammary artery to coronary artery
NEC

Saphenous vein graft replacement coronary artery NOS
Exploration of coronary artery

[X]Ischaemic heart diseases

Myocardial bridge of coronary artery

Canadian Cardiovascular Society classification of angina
ECG: lateral infarction

Revision of bypass for one coronary artery

Preinfarction syndrome NOS

Stenocardia

Percutaneous transluminal angioplasty of vertebral artery
Replacement of coronary arteries using multiple methods
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55137
55401
55598
56905
56990
57062
57241
57495
57634
59032
59189
59193
59423
59940
60067
60753
61072
61208
61248
61310
61592
62270
62608
62626
63153
63467
66236
66388
66583
66664
67087
67554
67591
67761
68069
68123
68139
68357
68401
68748
69247
69474
70111
70755
72562
72780
85947
86071

MI - myocardial infarction aborted

ECG: subendocardial infarct

Other replacement of coronary artery

Diagnostic transluminal operation on coronary artery OS
Connection of mammary artery to coronary artery NOS
H/O: Angina in last year

Allograft replacement of two coronary arteries
Infarction - precerebral

Revision of bypass for coronary artery NOS

ECG: myocardial infarct NOS

Ruptur cardiac wall w'out haemopericard/cur comp fol ac MI
Aneurysm of coronary vessels

Other specified allograft replacement of coronary artery
Ruptur chordae tendinae/curr comp fol acute myocard infarct
Perc translum ball angio insert 1-2 drug elut stents cor art
Single implantation thoracic artery into coronary artery NEC
Myocardial infarction aborted

Perc translum balloon angioplasty stenting coronary art NOS
Diagnostic transluminal operation on coronary artery NOS
Other autograft replacement of coronary artery OS
Transection of muscle bridge of coronary artery

ECG: Q wave pathological

Double anastom thoracic arteries to coronary arteries NEC
Acute papillary muscle infarction

Revision of implantation of thoracic artery into heart

True posterior myocardial infarction

Prosthetic replacement of three coronary arteries

Status anginosus

Percut translum inject therap subst to coronary artery NEC
Prosthetic replacement of two coronary arteries

Other cardiac wall aneurysm

Revision of bypass for two coronary arteries

Single anastomosis of thoracic artery to coronary artery NEC
Prosthetic replacement of four or more coronary arteries
Endovascular repair of carotid artery

RIMA single anastomosis

Single implantation of mammary artery into coronary artery
Microinfarction of heart

[X]Other forms of acute ischaemic heart disease
Postoperative myocardial infarction, unspecified

Other specified repair of coronary artery

Rupture papillary muscle/curr comp fol acute myocard infarct
Allograft replacement of one coronary artery

Replacement of coronary artery NOS

Subsequent myocardial infarction of other sites

Connection of other thoracic artery to coronary artery NOS
Perc translum balloon angioplasty insert 1-2 stents cor art
Percut translum cutting balloon angioplasty coronary artery
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87849
91737
92233
92419
92927
93516
93618
93706
93828
94783
95382
96537
96804
96838
97953
99434
99991
100139
101121
101373
101569
102326
103655
105184
105202
105216
105250
105479
105520
106812
107406
107574
92036
90572
73961
29463
19280
27975
24446
36717
23671
55247
1517
16507
18689
50594
5943
38907

Perc tran ball angio ins 3 or more drug elut stents cor art
Transluminal operations on cardiac conduit

RIMA sequential anastomosis

Prosthetic replacement of one coronary artery
Percutaneous cor balloon angiop 3 more stents cor art NEC
Other specified transluminal operations on cardiac conduit
Percutaneous transluminal atherectomy of coronary artery
Percutaneous transluminal balloon dilation cardiac conduit
Other specified replacement of coronary artery

Repair of rupture of coronary artery

Other specified other open operation on coronary artery
OS perc translumina balloon angioplast stenting coronary art
Connection of other thoracic artery to coronary artery
[X]Acute transmural myocardial infarction of unspecif site
Other specified revision of bypass for coronary artery
Transluminal operations on cardiac conduit NOS
[X]Subsequent myocardial infarction of unspecified site
History of myocardial infarction

Coronary artery bypass graft operation planned

Coronary angioplasty planned

Revision of bypass for four or more coronary arteries
Suspected transient ischaemic attack

Frequency of angina

Percutaneous coronary intervention

H/O amaurosis fugax

H/O acute coronary syndrome

Mural cardiac aneurysm

Coronary microvascular disease

Admission to stroke unit

Postoperative transmural myocardial infarction unspec site
Emergency percutaneous coronary intervention

Referral to Angina Plan self-management programme
[X]Oc+sten/o cerebral arteries

[X]Oc+steno/o precerebral artr

[X]Oth spcf periph vasculr dis

Acute inferoposterior infarct

Anterior cerebral artery syn

Cerebr infct/embol/cerebrl art

Cerebr infct/embol/precere art

Cerebr infct/throm/cerebrl art

Cerebr infct/throm/precere art

Impending CVA

Intermittent claudication

Intermittent CVA

Middle cerebral artery syndrm

Multi&bilat precerebrl art syn

Other peripheral vascular dis.

Other spec.periph.vasc.disease
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105317 Peripheral arterial disease

2760 Peripheral vasc.disease NOS
3530 Peripheral vascular dis. NOS
19260 Posterior cerebral artery syn
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