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Abstract (300 words)

South Asians make up the largest ethnic minority in the UK, however current research on
ischaemic strokes within this demographic is limited. In this thesis, | explored differences in
characteristics of ischaemic stroke in South Asians in the UK (BSA), India (ISA), and white
British (WB) patients. | undertook a review of the limited literature available in which BSA
reported earlier stroke onset compared to the WB population. BSA also presented with an
increased mortality rate, and greater prevalence of cardiometabolic risk factors, including
hypertension. These studies used small sample sizes while the only study reporting age was

conducted +20 years ago.

To answer gaps within the literature | utilised the UK and Indian arms of the ongoing
prospective international hospital-based study on South Asian stroke (BRAINS study). This
database consists of 1650 BSA (men:1074, women:576), 1279 ISA (men:864, women:415)
and 2291 WB (men:1296, women:995) ischaemic stroke patients. Both BSA and ISA
suffered from stroke ~7 and ~20 years, respectively, earlier than their WB counterparts
(BSA:64.3+£15.1 years, vs. ISA:52.0+13.4 years, vs. WB:71.5+13.5 years, P<0.001). | found
after adjusting for age, sex, atrial fibrillation, smoking history and central obesity in stepwise
logistic regression, there was a ~2-fold increase in small vessel occlusion prevalence (BSA vs
WB:1.65, 95%CI:1.15 — 2.38) and a ~30-60% decrease in large artery atherosclerosis (ISA vs
WB:1.88, 95%CI: 1.44-2.44) classified stroke in both ISA and BSA, compared to WB

patients.

Both BSA (OR=4.87, 95%CI: 3.80-6.25) and ISA (OR=1.96, 95%CI: 1.53-2.51) had an

increased risk of having 3+ metabolic risk factors by ~4-6 fold compared to WB patients.
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BSA has a lower risk of atrial fibrillation compared to their white British counterparts
(OR:0.40, 95%CI:0.33-0.49). No ethnic-specific differences were reported in the use of

anticoagulation at admission (P=0.93) or discharge (P=0.64).

Based on the results presented in this thesis, prevention and management strategies should
consider distinct ethnic variations in ischaemic stroke age of onset, subtypes, and
comorbidities. South Asian populations need more research on underlying mechanisms and

potential interventions for reducing the stroke burden.
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1 Project Introduction

1.1 Research Context

1.1.1 Stroke globally

Globally, there are ~12 million new stroke cases each year: with 53% of these being in
women and 47% in men(1). Stroke is one of the highest causes of death (10.2%) and
disability (5.2%) in the world (2). Among the new stroke cases over 62% of all incident
strokes are ischaemic strokes (1). Stroke incidence has been transitioning between high-
income and low to middle-income countries. Between 1970 to 2008 there has been a 42%
decrease in stroke incidence in high-income countries and over a 100% increase in stroke
incidence in low to middle-income countries (3). Little is known about its epidemiology in

lower- and middle-income countries.

1.1.2 Stroke in the UK

In the United Kingdom (UK), stroke occurs more than 100,000 times a year and is
responsible for over 35,000 deaths annually (4,5). Similar to most high-income Western
countries, the incidence of stroke among the general UK population has reduced from 1.48
per 1000 person-years in 1999 to 1.04 per 1000 person-years in 2008 (6). However, data on
the trends in stroke over the years has not been well documented among UK ethnic
minorities. It is well established that wealth and health inequalities exist between ethnic
groups due to socioeconomic disparities and several environmental stresses (7,8). Mortality
data reported by the Office of National Statistics demonstrates that each ethnic group suffers
from stroke differently, with the highest rate of stroke mortality being considerably higher in
South Asians compared to all other ethnic groups in the UK (9).

1
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1.1.3 Stroke in South Asians

Stroke is among several chronic conditions where there is an excessive number of sufferers
from a South Asian background (10-12). Since the mid-20" century, there has been a large
influx of migrants from these countries into the West. The UK has 9% of its population with
a nationality of a different country, with the largest being South Asian (Indian, Pakistani,
Bangladeshi, etc). Before WWII, this population within the UK was relatively small at just
over 7000 individuals in 1932 (13). This has since continued to grow to over 3 million. Of
this, over 1.5 million UK South Asians were born in South Asian regions, with Indians

making up the largest proportion followed by Pakistanis as of 2011 (14).

Compared to other ethnic minority groups, South Asians are inadequately represented in
health research and thus the current understanding of stroke could also be misguided when
applied to South Asians (15,16). Many of the traditional stroke risk factors such as
hypertension, diabetes mellitus etc, were identified in a primarily Caucasian population
during the Framingham Heart Study (17). There is considerable evidence to suggest that risk
factors themselves are not uniform across ethnic populations, with South Asians displaying
an adverse risk profile. These health inequalities not only affect South Asians but also black

and other ethnic minority groups in the UK (18,19).

The expenses associated with caring for stroke patients encompass both direct and indirect
costs, arising from medical interventions and decreased productivity, respectively. Direct
costs involve hospitalization, primary care, medication, rehabilitation, and social services
such as home care and nursing home care for those who have difficulty with daily activities

due to stroke. The initial cost of a newly occurring stroke is estimated at £45,409 (95% CI

2
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42,054-48,763) within the first year, followed by a subsequent cost of £24,778 (£20,234-
£29,322) in the years thereafter. The total societal cost of stroke, including both the National
Health Service (NHS) and social care expenses, amounts to £26 billion annually, with NHS
and social care costs accounting for £8.6 billion of the total (20). Current management
guidelines for stroke do not appropriately account for ethnicity and could add to these costs.
The national clinical guidelines for stroke in the UK aim is to establish a standardised level of
care for all stroke patients. However, the latest guidelines do not account for the variability of
risk factors, including cultural and physiological factors, among individuals from different
ethnic backgrounds (21). It has been reported that preventative measure for stroke including
cholesterol monitoring and thus treatment is less likely to occur in UK South Asians
compared to white British individuals (22). This oversight raises concerns about whether the
guidelines are truly optimal for all stroke patients and highlights the need for further research
and consideration of how to tailor stroke care to address the unique needs of diverse patient

populations.

1.2 Aims of this PhD

The purpose of my research is to better understand differences in ischaemic stroke between
South Asians in the UK and India with the white British population. This will include using
the age of stroke onset as a gauge to determine if South Asians are at a greater risk of stroke
and how traditional stroke risk factors influence this. To do this | utilised the data from the
ongoing prospective large BRAINS (Bio-Repository of DNA in Stroke) study, which has
recruited patients from 21 secondary healthcare sites across the UK and 2 in India. To the

best of my knowledge, this is the largest such stroke study in UK South Asians.
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The following report is organised into seven sections detailing my review of the current
literature available, the overall methodology | have used, as well as showcase the results |
have obtained. The second chapter, the literature review, will focus on ischaemic stroke data
in the UK South Asian community. | will explore the traditional risk factors of stroke whilst
also presenting how the effect of migration and acculturation can too be risks. Chapter three
will focus on the overall methodology for the study of BRAINS including the initial quality
control of the dataset. Chapter four aims to look at age of onset of ischaemic stroke in South
Asians, and how much traditional risk factors can explain the difference. Chapter five will
dive deeper into ischaemic stroke by looking at the breakdown of its subtype. The metabolic
characteristics of South Asians and white British patients are reported in chapter six. In
chapter seven | focus on atrial fibrillation prevalence and treatment. The BRAINS database
has collected extensive data on treatment therapies used by each stroke patient prior to
admission and at discharge. For this reason, | have focused on the prevalence of atrial
fibrillation among this population and potential treatment inequalities. The last chapter, eight,
of my report will summarise my PhD thesis, highlighting the key findings of my work along

with its implications.
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2 Ischaemic stroke in UK residing South Asians

2.1 Introduction

In this section, previous studies have been summarised, reviewed and differences explained
where possible. Studies which focus on UK-residing South Asians are often overlooked
especially on the most common type of stroke, ischaemic. For this reason, | wanted this
review to focus on differences in ischaemic stroke within the UK South Asian and white

British communities.

Due to its multi-ethnic demographic, the UK is one of the best locations for studying South
Asian migrant populations. As per the 2011 census, individuals who identified as 'non-White'
made up 13% of the UK's total population, of which 8% were categorised as Asian or British
Asian (14). Only one review of the literature has been conducted previously by Gunarathne et
al in 2009 (23). In this review, 33 articles were found in the search period from 1990 to 2005.
Though this review intended to focus on the UK specifically, it expanded to include South
Asian populations globally. According to the review, there was a noticeable rise in both the
incidence and prevalence of ischaemic stroke, and it also highlighted that South Asians have
a comparatively poorer cardiovascular risk profile when compared to the white British

population.

As Gunarathne et al conducted their search up until 2005, newer primary studies are available
to update current knowledge. My narrative review aims to describe the current understanding

of ischaemic stroke prevalence, incidence, and mortality in UK-residing South Asians.
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Further, | wanted to describe cardiometabolic risk factors, focusing on the prevalence of
traditional stroke risk factors, whilst also trying to discuss the possible reasoning behind
surprising differences. The last section, which includes migration and lifestyle risk factors,
provides insight into novel risk factors such as acculturation and how this can influence

lifestyle factors.

2.2 Methods

To assess the availability of data from studies focusing on ischaemic stroke in UK-residing
South Asians, | generated search terms for use in Pubmed, and Embase. The search strategies
were designed to include the search domains of "South Asian," which encompassed the
populations of interest such as Indians, Pakistanis, and Bangladeshis, as well as "Stroke" and
"Cardiovascular disease/Cerebrovascular accidents.”. The search terms used across both
databases were ((South Asians) OR (Indians) OR (Sri Lankans) OR (Bangladeshi) OR
(Pakistani) OR (Nepalese)) AND ((Stroke) OR (Ischaemic Stroke) OR (Ischemic Stroke) OR
(Cerebrovascular Accidents)) AND ((UK) OR (U.K.) OR (England) OR (Wales) OR
(Scotland) OR (Northern Ireland)). Electronic databases were thoroughly searched using
synonyms of the terms. Of the studies identified, | reviewed their references to ensure all

studies were considered.

2.2.1 Study eligibility

Early on in the review process, | recognised the lack of population-based studies relating to

ischaemic stroke in the UK-residing South Asian population, with only one study found
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describing ischaemic stroke only in this population. For this reason, | decided to expand my
search. | identified two routes I could use to expand this search. Firstly, | could expand the
search to include the South Asian population globally, similarly to the previous study by
Gunarathne et al (23). This would bring the benefit of an increased study pool to identify
studies from however it could dilute the picture of ischaemic stroke in the UK for South
Asians as each country has a different healthcare system and socioeconomic condition.
Alternatively, during the initial search, studies focusing on UK South Asians with total stroke
events, rather than ischaemic only, were more substantial. As ischaemic stroke is the most
prevalent type of stroke in white British and South Asian populations (greater than 80% of all

strokes are ischaemic) | chose to report ischaemic-only studies and total stroke only studies.

Following this, the inclusion criteria for this review is to include stroke (total or ischaemic)
conducted in the UK where the study population comprises South Asians (Bangladeshi,
Indian and Pakistani). This review included those studies that compared mortality, prevalence

and/or incidence of stroke and stroke risk factors.

The exclusion criteria | followed in my search were:

e Studies that are not written in English, as well as unpublished research (such as
dissertations and theses), reviews, systematic reviews, case reports, editorials, and
letters.

e Studies which focus on haemorrhagic stroke or transient ischaemic attack only.

e Studies not conducted in the UK population.

e Studies not conducted on humans.



Taylor Aurelius

2.2.2 Data collation and analysis

Studies identified by the literature search were collated into tables by stroke incidence,
mortality and cardiovascular risk profile. Within each table, I stratified the studies by the type
of stroke reported, either total stroke or ischaemic stroke only. Total stroke is defined as the
collective occurrence of both ischemic and haemorrhagic stroke. Studies under the total

stroke group describe the overall burden of stroke in a population.

In my review, | will refer to prevalence, incidence, risk factors, and comorbidity. For
prevalence, | am using the Gordis Epidemiology definition: ‘the number of affected persons
present in the population at a specific time divided by the number of persons in the
population at that time’ (24). Incidence is defined as the number of new cases of disease
(stroke events) during a specified time interval. Comorbidity is defined as the co-occurrence
of two or more long-term conditions in an individual (25). A risk factor is any exposure or
behaviour that increases the likelihood of an individual developing a particular disease or

health condition (26).

As the included studies in this review have differing stroke type included and populations, a
meta-analysis was not conducted. In studies which report total stroke only, I will attempt to

describe the breakdown of stroke subtype, with the assumption that ischaemic makes up the
greatest proportion (>80%) of all total strokes. Where differences between South Asians and
white British subjects are reported, | also attempted to report possible explanations of this

outside of stroke, if any exist.
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2.3 Epidemiology of Stroke

2.3.1 Literature search

The outcome of the literature search for total and ischaemic stroke-focused studies is
described in Figure 2-1. In total, 412 (PubMed: 255, Embase:157) studies were identified
using the search terms and 8 studies were identified using the inclusion criteria described in
chapter 2.2.1. Of these, 3 studies reported incidence rate, 3 studies reported mortality rate, 2
studies reported age of event, and 4 studies reported the prevalence of cardiovascular risk

factors.
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Figure 2-1: Flow chart of the search strategy.

10

Studies identified in
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Studies removed due
to duplication (n=64)
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Studies not elegible
(n=93)

Studies included in the
review (n=8)
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2.3.2 Incidence, prevalence, and mortality

The lack of population-based studies focused on ischaemic stroke in the UK South Asian
community highlights the inequality of data available, resulting in the restricted publication
of stroke incidence and prevalence. Data available relating to incidence is based on two
studies, which have reported combined hemorrhagic and ischaemic stroke only (27,28) and

one study reporting both total stroke and ischaemic stroke only (29).

Hsu et al in 1996, conducted a stroke study in Leicestershire involving 23 general practices,
which focused on the South Asian population. The study aimed to compare the stroke
incidence rates between "high Asian™ general practices (with 80% or more South Asians) and
"low Asian" general practices (with less than 2% South Asians). Recruitment started in 1996
however no end date was given. The study reported similar age-specific and crude incidence
rates of combined stroke in these two ethnicities, though this is likely due to a low migrant
South Asian (n=76) sample size and indirect sampling method (27). This study only reported

incidence in total stroke, however breakdown of stroke type is not reported.

Tillin et al (SABRE study) reported age and sex-stratified incidence rates of combined
ischaemic and hemorrhagic stroke among South Asians. The SABRE study is a prospective
population-based study collecting data from 1988 to 2011. This study found higher
incidences in both South Asian men and women at an earlier age (<55 and 5670 years). Of
interest is the reduction in difference among men in the 70+ year group (South Asian:
1290/100000 person-years vs white British 1260/100000 person-years) whereas South Asian
women continue to an increased rate (28). This study only reported incidence in total stroke,

however breakdown of stroke type is not reported.

11
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Ramadan et al (29) was the only study to report the incidence of stroke in both first-time total
stroke and ischaemic stroke only. This cohort study recruited Pakistani and white British
patients at Bradford Teaching Hospitals NHS Foundation Trust between 01/05/2013 and
30/04/2014. After adjusting for age, standardised to the WHO world population, South
Asians had a greater incidence of both total stroke and ischaemic stroke compared to the
white British population. In this study, 81.5% of stroke events were ischaemic in white
British (ischaemic: 351, total stroke: 438) and 84.3% in Pakistanis (ischaemic: 70, total

stroke: 83).
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Table 2--1: Summary of studies which report incidence rate.

Study period Type of Sample size Incidence
Studies study White British South Asian White British South Asian
Total stroke
Ramadan et al (29) ** 2014-2015 Cohort 438 83 (Pakistani) 101 per 155 per 100,000
100,000 person-years
person-years
Hsu et al (27) Cohort No data 66,555 No data 114.2 per 100,000
persons
Tillin et al (28)* 1988-2011 Cohort M:1564 M:1259 Men Men
F:485 F:258 <55 years: 300 <55 years:120
56-70 years: 340 56-70 years:540
70+ years: 1260 70+ years:1290
Women Women
<55 years:0 <55 years: 80
56-70 years: 310 56-70 years: 510
70+ years: 920 70+ years: 1690
Ischaemic only
Ramadan et al (29)*" 2014-2015 Cohort 351 70 (Pakistani) 80 per 132 per 100,000
100,000 person-years

person-years

*Study population only included those with first-time stroke. *Incidence rates reported are age-adjusted.
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The paucity of studies in this demographic has resulted in the data regarding the prevalence
of stroke being low. The only data regarding the prevalence of stroke as a whole in the UK
South Asian population originates from the 2004 UK census. From the last UK governmental
report focusing on ethnic minority groups based in 2004, the prevalence of all types of
strokes in the white British population has been reported to be 2.4% in men and 2.2% in
women, which is higher than in UK residing Indian men (1.1%) and women (1.2%),
Bangladeshi men (1.8%) and women (1.7%), and Pakistani men (1.8%) women (30). There

has yet to be data specifically for ischaemic stroke prevalence for UK-residing South Asians.

These inverse ethnic differences in incidence and prevalence may be explained by differences
in stroke outcomes, such as post-stroke complications leading to poorer survival rates among
South Asians (31). Three studies identified reported mortality rates in those with total stroke
only. No study has reported the mortality rate of UK South Asians with ischaemic stroke
only. Hsu et al reported a crude mortality rate of South Asian high practices of 22.5 per
100,000 28 days after a stroke event (27). Another study by Conway and Lip took place
between 1998-2000 in a hospital located in the inner-city of West Birmingham. The Indo-
Asian population's age-adjusted all-cause mortality ratio was found to be 0.90 (95% CI: 0.65-

1.27, p=0.56) compared to the white British (32).

Harding et al report mortality data obtained from the Office for National Statistics death data,
stratified by the subjects country of birth (33). The authors reported age-adjusted mortality

rates from three, 5-year intervals, 1979-1983, 1989-1993 and 1999-2003, which shows across
all ethnic groups a decrease in mortality rate. The findings also demonstrate that even though

there is a decrease, this is not equal across all ethnic groups with Bangladeshi men still
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representing a greater mortality rate compared to those born in England and Wales (Table 2-
2) (33). The poorer outcome of stroke seen in South Asians may only occur in the short term,
with a 1-year ischaemic stroke mortality study finding South Asians more likely to survive in

the long term compared to their white British counterparts (27).
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Table 2-2: Age-adjusted mortality rate per 100,000 total strokes (Cl 95%) in England and Wales, by country of birth among those aged 30-69
years (33).

Years
. 1979-1983 1989-1993 19992003

Place of birth - - ;

Total sample Mortality rate per Total sample Mortality rate per Total sample Mortality rate per

P 100,000 total strokes p 100,000 total strokes P 100,000 total strokes

Men
ngland and 9,901,394 58.8 (58.1 - 59.4) 10,401,929 38.9 (38.4 - 39.5) 11,325,598 26.8 (26.4 - 27.3)
Indian 130,003 97.4 (88.7 - 106.2) 151,155 54.9 (49.5 - 60.4) 160,662 352 (31.4-39.1)
Pakistani 48,551 58.5 (43.2-73.8) 74297 64.2 (54.3 - 74.1) 102,401 42.3 (35.7 - 48.9)
Bangladeshi 15,909 117.1 (79.8 - 154.5) 25551 123.8 (99.2 - 148.4) 43,305 83.5 (68.3 - 98.8)
Women
&‘aglgnd and 10,368,408 45.6 (45.1 - 46.2) 10,683,031 29.6 (29.2 - 30.0) 11,582,990 20.6 (20.2 - 21.0)
Indian 118,711 64.0 (56.8 - 71.3) 150,548 39.1 (34.4 - 43.8) 168,387 26.1 (22.8 - 29.5)
Pakistani 33,013 Not reported 65,538 47.1 (367 - 57.5) 96584 35.0 (28.7 - 41.3)
Bangladeshi Not reported Not reported Not reported

Data originates from the Office for National Statistics death data and is presented in Harding et al. 2008 (33). Total stroke includes ischaemic
and haemorrhagic stroke.
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It should be recognised that mortality is highly complex, arising from several other factors
which tend to differ between ethnic groups. A study in 2007, which explored the possible
causes of higher mortality in South Asians, revealed that diabetes mellitus was an
independent predictor of mortality (b=1.76, 95% CI 1.14-2.70) (34). To gain further insights
into the underlying aetiology of stroke in different ethnic groups, it is vital to examine other

factors that variably contribute to stroke and related mortality.

2.3.3 Age of onset of stroke

There is a paucity of data on the age of stroke onset in South Asians. Of the available data,
two studies report the age of stroke event, Banerjee et al (35) and Gunarathne et al (36).
Gunarathne et al study collected patients between 1997—2005 for a cohort study in west
Birmingham. This study reports South Asians ischaemic stroke onset occurred about 5 years
earlier in South Asian men and 10 years earlier in South Asian women than in white British
patients. Though the trend will likely be similar to the current day, data reported in this study

were collected between 1997-2005 with only 420 South Asians.

Banerjee et al used a prospective database of all admissions to the St Mary's Hospital stroke
unit (35). They focused only on ischaemic stroke between 2003 and 2007 and recruited 72
South Asians and 496 white British subjects. The breakdown of total stroke consisted of 89%
ischaemic in white British (ischaemic: 441, total stroke: 496) and 81% in Bangladeshis
(ischaemic: 58, total stroke: 72). This study reported the average age of stroke events in UK
South Asians being 65 years compared to 73 years in white British. With a 17-year paucity,
more current data is needed in a larger sample size to identify if the previous age of onset

difference persists. Banerjee et al also reported stroke subtype using the Oxford Community
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Stroke Project (OCSP) Classification. Of the subtype of ischaemic stroke occurring, small
vessel occlusion appears to have a greater prevalence among South Asians (35), however,

classification using the TOAST system has yet to be reported among this population.

In summary, there is a clear indication of ethnic differences in incidence and prevalence, and
age of onset of stroke among South Asians and white British populations. To gain insights
into the aetiology of these ethnic differences, | examined major risk factors for stroke
including atrial fibrillation, cardiometabolic risk (diabetes mellitus, hypertension,
dyslipidaemia, obesity and body fat distribution) as well as socioeconomic and lifestyle

factors.

2.4 Cardiometabolic Risk Factors

The discrepancy in epidemiological traits of stroke in the two ethnicities can be, in part,
associated with the difference in stroke risk factor prevalence. The last UK government report
for ethnic minority health conditions was reported in 2004. This 18-year void of information

has been partially filled with small sample size studies, thus, an update in this field is critical.

Cardiometabolic risk factors are one of the major areas in which prevalence discrepancies
have been reported. Cardiometabolic risk is characterised as the risk of disease arising related
to the cardiovascular system. These include hypertension, hypercholesteremia, diabetes
mellitus and obesity. From the available literature, 2 studies reported total stroke and 2
reported ischaemic stroke only cardiometabolic risk factors (Table 2-3). As described in
chapter 2.3.2, Ramadan et al conducted a prospective 12-month study consisting of 273,327
adults who are in the catchment area of the Bradford Teaching Hospitals NHS Foundation

Trust (29). In this study, the authors described white British and Pakistani cardiovascular risk
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factors in those with first-ever total stroke between 2014-2015 (Table 2-3). Total stroke is
broken down to 80.1% ischaemic in white British (ischaemic: 351, total stroke:438) and

84.3% in Pakistanis (ischaemic: 70, total stroke: 83).

Bourke et al also only reports total stroke in Bangladeshi and white British patients recruited
from the Royal London Hospital between 1997-2002. This study recruited 779 Bangladeshis
and 186 white British patients with total stroke. Total stroke is broken down to 89%
ischaemic in white British (ischaemic: 165, total stroke:186) and 86% in Bangladeshis

(ischaemic: 68, total stroke: 79).

As described in chapter 2.3.3, Banerjee et al used a prospective database of all admissions to
the St Mary's Hospital stroke unit between 2003-2007 (35). The authors identified 72 South
Asians and 496 white British patients with total stroke. The breakdown of total stroke
consisted of 89% ischaemic in white British (ischaemic: 441, total stroke: 496) and 81% in

Bangladeshis (ischaemic: 58, total stroke: 72).

One study reported cardiovascular comorbidities in ischaemic stroke patients. As described in
chapter 2.3.3, Gunarathne et al reports data recorded in West Midlands Regional Health
Authority Hospital Activity Analysis register. The data reported was collected over a 9 year

period between 1997-2005 and consisted of 420 South Asian and 1709 white British patients.
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Table 2-3: Summary of the prevalence of cardiometabolic risk factors in South Asians,
compared to white British patients with total and ischaemic stroke only.

stud Type of Sample size % prevalence
Comorbidities erio)él study White  South Asian  White  South
P British British  Asian
Diabetes mellitus
Total stroke
Ramadan et al (29)* 2014-2015 Cohort 438 83 21 51
Bourke et al (22)* 1997-2002 Cohort 186 79 11 51
Banerjee et al (35) 2003-2007  Cohort 496 72 15 54
Ischaemic stroke
Gunarathne et al (36)* 1997-2005 Cohort 1709 420 29.8 50.3
Hypertension
Total stroke
Ramadan et al (29)* 2014-2015 Cohort 438 83 69 70
Bourke et al (22)* 1997-2002  Cohort 186 79 60 63
Banerjee et al (35) 2003-2007  Cohort 496 72 64 87
Ischaemic stroke
Gunarathne etal (36)*  1997-2005 Cohort 1709 420 58.6 73.7
Hyperlipidaemia
Total stroke
Ramadan et al (29)* 2014-2015 Cohort 438 83 81 88
Banerjee et al (35) 2003-2007  Cohort 496 72 45 70
Ischaemic stroke
Gunarathne etal (36)*  1997-2005 Cohort 1709 420 9.2 10.8
Atrial fibrillation
Total stroke
Ramadan et al (29)* 2014-2015 Cohort 438 83 29 10
Bourke et al (22)* 1997-2002 Cohort 186 79 13 4
Banerjee et al (35) 2003-2007  Cohort 496 72 23 12
Ischaemic stroke
Gunarathne et al (36)* 1997-2005 Cohort 1709 420 34.8 11.8

Prevalence difference in South Asians, compared to white British patients.” Study whose South
Asian group only consist of those who identify as Pakistani. * Study whose South Asian group
only consist of those who identify as Bangladeshi. *population with first-time stroke event

only.
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2.4.1 Diabetes mellitus

Diabetes mellitus is one of the leading causes of increased stroke risk and poor outcomes.
Among South Asians, the prevalence of diabetes mellitus has been reported in 3 studies to be
higher (51-54%) compared to white British (8-29.8%) populations with total stroke (Table 2-
3). Of these studies, only one reported the diagnostic criteria for diabetes which were
Banerjee et al. Banerjee et al defined diabetes as fasting blood glucose >7.0 mmol/l or
random blood glucose >11.1 mmol/l, on at least two occasions (at least two days post-
admission), or on the basis of past medical history (self-reported or previously documented in
case notes) or medication list on admission. Gunarathne et al reported the prevalence of
diabetes in those with ischaemic stroke only, in which South Asians reported a similar
prevalence as the total stroke studies (36). Gunarathne et al followed a slightly different
definition compared to Banerjee et al of the presence of relevant clinical history and
biochemical evidence of at least two measurements of fasting blood sugar readings

>7.8 mmol/l (36).

It is postulated that the high prevalence of insulin resistance begins before birth, with this
shown in one study where South Asians had ~10% higher umbilical cord insulin levels
compared with white British umbilical cord samples, leading to a greater insulin tolerance at
birth (37). Although stringent management of blood glucose later in life can reduce the risk of
stroke, the lack of randomised control studies involving UK residing South Asians and
diabetes mellitus management makes it hard to suggest the proportion of reduction in stroke

risk that would occur.
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2.4.2 Hypertension

Hypertension has been purported to have caused the largest increased risk of ischaemic stroke
in both western and South Asian countries (38). Three studies reported hypertension
prevalence in the total stroke population and 1 study in ischaemic only populations (Table 2-
3). Definitions for hypertension are only reported in two studies, Banerjee et al and
Gunarathne et al (35,36). Gunarathne et al defined hypertension as blood pressure

>140/90 mm Hg on at least two separate readings (36). Banerjee et al defined hypertension as
BP >140/90 on more than two occasions (at least two days post-admission), or based on past
medical history (self-reported or previously diagnosis) or medication list on admission(35). In
both total and ischaemic stroke only, South Asians report a marginally higher prevalence of

hypertension compared to the white British population.

In the general population, this modifiable risk factor has had conflicting results regarding
prevalence in UK residing South Asians (39-41). According to the latest minority report
published by the UK government, hypertension in the general population is higher than that
in South Asians (30). However, this is inconsistent with multiple smaller sample size studies
reporting South Asians having a higher prevalence compared to the white British population
(42,43). This inconsistency is likely to be down to heterogeneity within the South Asian
population, with Indians generally possessing increased blood pressure, with Bangladeshi and
Pakistanis having several pressures (44,45). Furthermore, the prevalence of this risk also
seems to be increasing in South Asians (1997-99: 84.6% vs 2003-05: 88.9%), whilst no
change was observed in the white British population, with prevalence staying at ~76.0%
during the same period (46). This is further supported as South Asians have been found to

have higher systolic (SBP) and diastolic blood pressure (DBP) compared with their white
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British counterparts. Additionally, South Asian SBP and DBP were positively associated with

stroke risk (P<0.001) when compared to their white British counterparts (47).

Of interest is the increased arterial stiffness reported in UK South Asians, resulting in adverse
and disproportional impacts on mean arterial pressure, compared to the white British
population (48,49). This is likely to be multifactorial, however genetic susceptibility along
with the simultaneous presence of metabolic factors are likely to contribute to this. Partnering
the increased stiffness with the inflammatory and oxidative stress promotes the pathological

processes of atherosclerosis, leading to ischaemia.

2.4.3 Hyperlipidaemia, obesity, and body fat distribution

There is strong evidence that many ischaemic stroke risk factors, including dyslipidaemia and
diabetes mellitus, are a consequence of obesity. One study, Ramadan et al, has reported
obesity in a South Asian total stroke population however no definition of obesity is provided.
The authors report obesity prevalence in those with first-time total stroke events to be greater
in Pakistanis than in white British patients (South Asian:34% vs white British:26%) (29).
General overweight/obesity prevalence in South Asians is lower compared to the white
British population, with men seeing the largest prevalence difference of 16.3% and women
only reporting a 1% difference (30), though prevalence has yet to be reported in those with
ischaemic stroke. It has been observed that South Asian infants born in the UK have a lower
birthweight, suggesting a genetic origin (50,51). With these seemingly promising metrics
regarding overall obesity, it is worth noting the differences in fat distribution seen within the
South Asian community. Multiple studies have reported South Asians having a greater

accumulation of visceral fat and subcutaneous fat around the abdomen as well as increased
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skinfold thickness compared to their white British counterparts (52-55). Increased central
obesity in South Asians has already been identified to increase ischaemic stroke risk factors,
such as raised C-reactive protein (CRP) concentration (56). Furthermore, it has been
suspected that increased central obesity has resulted in the South Asian community having an

atherogenic lipid profile (34,41).

Three studies reported hyperlipidaemia in the South Asian stroke population, two in the total
stroke population and one reported in those with ischaemic stroke. Each study has a slightly
different definition of hyperlipidaemia. Of the total stroke studies, Banerjee et al definition of
hyperlipidaemia is as a total cholesterol >5.0 mmol/l, or defined by past medical history (self-
reported or previously documented in case notes) or medication list on admission (35).
Ramadan et al do not provide a definition of hyperlipidaemia. In both studies, South Asians
report a greater prevalence of hyperlipidaemia (Table 2-3). Gunarathne et al, who reported
ischaemic stroke only, defined hyperlipidaemia as a total cholesterol level >5.2 mmol/1 (36).
Compared to total stroke studies, the prevalence of hyperlipidaemia reported in both South
Asians is considerably lower. Though the study does not provide a reason for this difference
compared to other studies, a possible explanation is the recruitment period for subjects in this
study, between 1997-2005, where the collection of cholesterol measurements might have
been lower. Additionally, current treatment was not considered in the study and thus those on
treatment are less likely to be diagnosed with hyperlipidaemia. Nonetheless, in this study,
South Asians continue to present with a greater prevalence of hyperlipidaemia (Table 2-3). In
studies which have not focused on stroke, similar or higher LDL and total cholesterol
concentrations, regardless of sex, have been reported in South Asians when compared to their
white British counterparts (57-59). Additionally, HDL-cholesterol has been reported to be

lower in South Asians, with this not being linked to differences in diet (57,59). Among
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ischaemic stroke cases, hyperlipidaemia prevalence appears to be significantly greater in

South Asian stroke patients (36).

Though a UK based study has yet to report the origins of these differences, it could be found
in the adipose tissue overflow hypothesis. This hypothesis posits that the increase in adiposity
goes through layered stages, with the superficial subcutaneous being the primary site of
growth followed by secondary sites of visceral and deep. Sniderman et al suggest that the
primary site of adiposity is underdeveloped in South Asians compared to white British
populations (60). This results in the primary site being overwhelmed at a quicker rate and

thus increasing the propagation of deep and visceral adipose tissue.

2.4.4 Atrial fibrillation

Three studies reported atrial fibrillation prevalence in the total stroke population and one
study in ischaemic only populations (Table 2-3). Two studies report the diagnostic criteria for
atrial fibrillation, Banerjee et al and Gunarathne et al both require past medical history (self-
reported or previously documented in case notes), and/or 12-lead electrocardiogram results
since admission (35,36). In Ischaemic stroke populations, South Asians reported an 11%
lower prevalence of atrial fibrillation compared to white British patients. Current studies
focusing on those with ischaemic stroke have been small and mostly local with many not
considering treatment data prior to admission. In the general population, South Asians present
with up to a near six-fold lower prevalence of atrial fibrillation compared to the UK (61-63).

There is no significant difference present between the sexes (61).
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The exact cause of the disparity in the prevalence of atrial fibrillation has yet to be concluded,
however, it was previously considered that atrial diameter influenced atrial fibrillation risk
(64-66). It had already been determined that South Asians had smaller left atria compared to
their white British counterparts, thus it was assumed to be the cause of the lower prevalence
of atrial fibrillation (63,67). The smaller left atria can be linked to a broader, smaller stature
in general when compared to the white British population (67—69). However, as Gillott et al.
(2016) suggests, comorbidities such as hypertension, which has a greater prevalence in South
Asians, would enlarge the left atria, thus increasing the risk with age (61). Furthermore, in
mice studies, the administration of cholinergic agonists was able to continuously sustain an
atrial fibrillation state, contradicting the hypothesis that the size of the atria affects the risk of
atrial fibrillation (70). This leads to the suggestion that ethnic variation found in atrial
electrophysiological parameters could cause a lower risk in South Asians (71). lon channels,
such as potassium and sodium, have been shown to have ethnic-specific polymorphisms (72).
No confirmed South Asian specific genetic variants which could result in the protective effect

seen have been identified (62).

2.5 Migration and lifestyle risk factors

As described above, the number of observational studies relating to South Asians with
ischaemic stroke in the UK is low. This also translates when describing environmental factors
such as migrations and lifestyle factors in this demographic. For this reason, | included papers
which are related to the South Asian community in the UK rather than specifically in a stroke

setting.
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Migration acculturation has been characterised as the adoption of attitudes, values, beliefs, and
behaviours which are prevalent in the host country. This was first theorised in 1953 by Social
Science Research Council (73). More recently this theory has been used to explain the
transition in health behaviours and risk factors (74). Furthermore, acculturation is dynamic,
varying between ethnicities, sexes, and generations (75). Acculturation could consequently
result in increased or reduced modifiable risk factors for stroke in South Asians. The level of
physical activity is associated with an increased risk of diabetes mellitus. A meta-analysis to
compare the physical activity of South Asians to white British found that, for both men and
women, South Asians reported lower levels of physical activity, with Bangladeshis being found
to have the lowest levels when compared to other South Asian groups (76). The associated
lower physical activity could promote obesity-induced diabetes mellitus and thus further

increase the risk of stroke.

2.5.1 Psychosocial factors

Psychosocial factors were identified, by the INTERSTROKE study, as one of the ten risk
factors that 90% of global stroke is attributed (38). Migration, which can increase the risk of
psychosocial factors, is an often-overlooked risk factor which likely influences South Asian
stroke risk (77). Though it has not been studied in the UK South Asian population, it has been
shown that prolonged stress was independently associated with increased ischaemic stroke
risk (78) . Evidence suggests the white British population has a significantly higher average
household income (P<0.001) and significantly lower social deprivation (P<0.001) compared
to South Asians (79). It has been well reported that lower-income households have up to
three-fold higher stroke prevalence when compared to the highest-income households (80).

Family roles can also increase stress. South Asians were reported to have significantly greater
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social crowding when compared to white British households (P<0.001). It has been discussed
that although South Asians have a larger social network, this does not necessarily translate

into a support network to combat stress (81).

2.5.2 Tobacco use

It has been well-studied that smoking and general tobacco use results in an increased risk of
ischaemic stroke (82-85). Two studies, Banerjee et al and Ramadan et al, have reported
smoking prevalence in a South Asian total stroke population. Banerjee et al report smoking
prevalence as a dichotomous variable ‘Smoking history’ with no definition provided. The
authors report that South Asians smoke less than white British subjects (South Asian:15% vs
white British: 33%) (35). Ramadan et al report smokers as ’current smoker’ or ’ex-smoker’. In
both groups South Asians were less likely to be current’ (South Asian:19% vs white British:
33%) and ‘ex-smokers’ (South Asian:11% vs white British: 29%) (29). In the South Asian
community, it has been suggested that there is a low acceptance of tobacco use among the
young and women, however, it is regarded as acceptable at social events (30). Furthermore, a
lack of awareness of the health issues of tobacco use appears to be present (86). A breakdown
of specific ethnic groups stratified by sex reveals Bangladeshi men had the higher percentage
of current smokers (40%) followed by Pakistani (29%) and Indians (20%) (30). South Asians
use a range of different tobacco-based products. These include chewing/pipe tobacco, chukka,
chutta, chillum and bidi’s (87). These types of tobacco are usually high in nicotine and tar (87).
Chewing tobacco was most prevalent among the Bangladeshi demographic, with 9% of males
and 16% of females reported (30). Furthermore, Bangladeshi women have the highest

prevalence of tobacco use. For both types of tobacco use, under-reporting has been a major
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problem which is difficult to quantify. Though South Asians report a lower prevalence, it

should be considered that these studies solely rely on self-reporting (30,88).

2.5.3 Diet

UK residing South Asian diets, consisting of carbohydrate rich foods such as rice and bread,
appears to remain unchanged from those living in South Asia (89). This diet also includes
higher fibre and lower sugar intake whilst the white British population has a more varied diet
(90). Overall South Asians are more likely to be vegetarian, though this varies depending on
religion and ethnicity (91). It has been shown that a vegetable and fruit-based diet decreases
the risk of ischaemic stroke (92). Furthermore, salt intake also varies. The Health Survey for
England in 2004 reported that 93-95% of South Asian men added salt during cooking when
compared to the general population (56%). This was matched in women where the salt intake
was ~40% higher (93). Salt intake has been shown to increase the risk of hypertension (94).
However, greater salt has also been shown to directly increase the risk of stroke, independent

of the effect salt has on blood pressure (95).

2.6 Summary

Although stroke incidence and mortality rates are declining in the UK, these reductions are
ten-fold less in South Asians than in the white British population (96). With the UK South
Asian population continuing to increase (97), the need to understand and investigate the
greater burden of stroke in this community is becoming more evident. With current data, |

hope to be able to fill in the epidemiological gaps.
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3 Research methods

As shown in my literature review, there is a lack of current data available to effectively
describe ischaemic stroke in this South Asian demographic. Specifically, no studies have
been published in the last decade that reports on the mortality rate, incidence rate or
prevalence rate of ischaemic stroke among the South Asian population. Furthermore, the age
of onset of first-time ischaemic stroke, which is often a good indicator to represent how

different ethnicities suffer from an ischaemic stroke, is not reported in recent studies.

3.1 Study design

To be able to report data such as incidence and mortality rates, a longitudinal cohort study
would be needed. A cohort study is a type of observational study that follows a group of
people (a cohort) and compares their outcomes (ischaemic stroke) based on their exposure to
one or more risk/environmental factors over a period of time. In this case, the cohort would
be composed of South Asians and white British people who are at risk of developing
ischaemic stroke. The exposure would be defined as having certain medical conditions or
lifestyle factors that increase the likelihood of having an ischaemic stroke, such as
hypertension, diabetes, smoking, central obesity or atrial fibrillation. The outcome which |
would measure is the occurrence of an ischaemic stroke, death from an ischaemic stroke or
survival after an ischaemic stroke within the study period. With a cohort study, | could then
compare the rates of these outcomes between South Asians and white British people and
identify any differences or similarities between these ethnic groups. | would also be able to
adjust for potential confounding factors that may influence the relationship between exposure
and outcome, such as age, sex and diet. This could be conducted in a prospective or
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retrospective manner. In a prospective cohort study, | would recruit patients who had not had
a previous ischaemic stroke event and follow them over a fixed period of time to identify who
suffers from an ischaemic stroke event. As it would be prospective, | would be able to pick
specific variables to include in the study. This type of study would be costly and require
patients to be followed over a long period of time. In a retrospective study, the data would
already be collected and I would identify the population of interest, which would significantly
decrease the cost. To do this | would need to identify a dataset which | would be able to
access and that would include the specific variables of interest. An example of this is the
Clinical Practice Research Datalink (CPRD) which collects anonymised patient data from
primary and secondary care sources. With CPRD, | would have a large population within my
data set to calculate the incidence and mortality rate of ischaemic stroke however, the cost

associated with using this dataset would be too high for this study.

An alternative option is conducting a cross-sectional study, which is a type of observational
study that analyses data from a population at a single point in time. A cross-sectional study
approach to study ischaemic stroke in South Asians and white British patients would involve
selecting a sample of patients with ischaemic stroke along with variables of interest, such as
age, gender, ethnicity, risk factors, treatment options, etc. The data would be collected at one
time point using surveys, interviews, medical records or other sources. The data would then
be analysed to compare the differences and similarities between the two ethnic groups in
terms of stroke prevalence, severity, outcomes, and associated factors. A cross-sectional
study is more limited in the type of data it can report. This study type only collects data from
a single point in time, so you are unable to report the incidence of ischaemic stroke or
temporal changes. A cross-sectional study approach is typically used to provide a snapshot of
the during the time of study period and is typically cheaper and quicker to conduct compared

31



Taylor Aurelius

to a prospective cohort study. For this reason, cross-sectional studies are usually conducted
before a prospective cohort study, with any potential correlations identified being further
investigated in longitudinal studies. With a cross-sectional study, you can either conduct the
study yourself or use an existing data set. As discussed above, an example of an existing
dataset includes CPRD, which requires a fee to use and as it is retrospective in its design,
specific variables of interest, such as ischaemic stroke subtyping, are not always collected. A
prospective dataset is needed to answer specific questions regarding ethnic differences in
relation to ischaemic stroke. This was, in part, why the BRAINS prospective study was
started, with an aim of collecting data related to stroke from multiple countries to identify
epidemiological and genetic differences among differing ethnicities. For the reasons
discussed above, including cost, length of the study period, and the data available, | chose to

conduct my cross-sectional studies using BRAINS.

3.2 BRAINS biorepository

The BRAINS biorepository is an ongoing global (UK, Middle East, Sri Lanka, and India)
repository of stroke in patients of South Asian and white British ethnicities. Patients admitted
to the study were recruited at 21 secondary care sites across England (Figure 3-1) and two in
India (Table 3-1). The BRAINS study meets all ethical and consent standards set by local
institutional review boards at each of the participating sites (Riverside Research Ethics
Committee 04/Q0401/40) (Appendix 10.1). The patient recruitment process was performed
using the BRAINS protocol (98). The sites chosen (Table 3-1) included regions with large
South Asian populations while also being representative of the white British population

(Appendix 10.2) (99). The Indian arm screened stroke patients at two hospital sites located in
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Kerala (Sree Chitra Tirunal Institute for Medical Sciences and Technology) and New Delhi

(All India Institute of Medical Sciences, AIIMS).

Figure 3-1: Distribution of UK recruitment sites.
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Table 3-1: Recruitment site location for the BRAINS database.

34

Hospital/Trust County Ethnicity
Location UK South Asian* White British
Ashford and St peter NHS Foundation Trust Surrey 22 521
Barts and The Royal London NHS Trust London 211 169
West Middlesex University London 54 0
Croydon University Hospital London 77 0
Northwick Park Hospital London 336 4
Southeast Newham University Hospital London 93 0
England
Hillingdon Hospital London 116 0
Charing Cross/Imperial Hospital London 92 695
Luton & Dunstable Hospital Bedfordshire 113 2
William Harvey Hospital Kent 0 156
Queen Elizabeth the Queen Mother Hospital Kent 2 441
Princess Royal Hospital West Sussex 0 12
South England i iversi i
g Brighton and Sussex University Hospitals NHS East Sussex 9 268
Trust
Manor Hospital Walsall West Midlands 26 0
West Midlands  New Cross Hospital/ Wolverhampton West Midlands 49 0
Birmingham Heartlands Hospital West Midlands 16 0
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City Hospital Birmingham (Sandwell General

Hospital) West Midlands 164 0

Elorthwest Queen's Park Hospital / Blackburn Lancashire 23 0
ngland

Bradford Teaching Hospital West Yorkshire 193 0
North England  Airedale General Hospital West Yorkshire 7 3

Leeds General Infirmary West Yorkshire 54 20
India
South Sree Chitra Tirunal Institute for Medical Kerela 282 0

Sciences and Technology

North All India Institute of Medical Sciences, AIIMS New Delhi 997 0

*South Asians are classified as self-reported Indian, Pakistani, Sri Lankan, or Bangladeshi origin. ¥ White British include those who self-
reported as white British or white Irish.
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3.3 Data Collection

Data was collected independently from my studies though | believe it’s pertinent to describe
relevant information. Each centre named above was chosen as it had a developed stroke
service and a stroke physician/neurologist. Data was collected by a local trial coordinator and
only once written consent was received (Appendix 10.3). For those unable to provide written
consent, surrogate consent was taken (Appendix 10.4). As this is a non-interventional
observational study, no extra testing was conducted for the specific use in the BRAINS
dataset. All data collected for the BRAINS database occurred during the patient's hospital

stay.

Detailed demographic data including age, sex, and ethnicity were collected during a nurse-led
interview (Appendix 10.5 and 10.6). All those who were over 18 years of age at the time of
the stroke event were considered for the study to ensure a representative sample. Ethnicity
was obtained via self-identification. South Asians are classified as Indian, Pakistani, Sri
Lankan, or Bangladeshi origin. White British patients include those who self-reported as
white British or white Irish. The breakdown of the ethnicities recruited in BRAINS are
summarised in Table 3-2. Ethnicity throughout the thesis is classified as South Asians living
in India (ISA), UK residing South Asians (BSA), and white UK British (WB) stroke patients.

All analyses in this study compared ISA and BSA with WB patients as the reference group.

36



Taylor Aurelius

Table 3-2: Breakdown of ethnic groups for South Asians and white British ischaemic stroke
patients in the UK and India BRAINS database.

UK India
Men Women Men Women

South Asian n (%) n (%) n (%) n (%)
Indian 588 (64.8) 319 (35.2) 863 (67.5) 415 (32.5)
Pakistani 324 (63.2) 189 (36.8) 1 (100.0) 0 (0.0%)
Bangladeshi 120 (70.2) 51 (29.8) - -

Sri Lankan 42 (71.2) 17 (28.8) - -
Total South Asian 1074 (65.1) 576 (34.9) 864 (67.6) 415 (32.4)
White British n (%) n (%) n (%) n (%)
White British 1269 (56.5) 977 (43.5) - -
White Irish 27 (60.0) 18 (40.0) - -
Total white British 1296 (56.6) 995 (43.4) - -

n, sample size.

Clinical data was recorded via a standardised questionnaire. Brain imaging (CT and MRI
scans) at each reporting site was used to determine and confirm a stroke event by an onsite
stroke physician. TOAST subtyping criteria was used to assign a classification of each
ischaemic stroke case (100). This classification was determined by clinical features and
results of tests including brain imaging (CT, MRI), cardiac imaging (echocardiogram and
electrocardiogram), extracranial vessel imaging (Doppler, MRA, CTA), and blood analysis.
TOAST subtype classification consists of five categories: large artery atherosclerosis, small
vessel occlusion, cardioembolism, stroke of other determined aetiology, and stroke of

undetermined aetiology. Decisions on classifications were made by the reporting site, with
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BRAINS not collecting diagnostic information used for the decision-making. Without the
complete information to reassess the decision made at the reporting site, the TOAST
classifications reported at each BRAINS site could vary. The potential variation in
misclassification between sites would result in a nondifferential bias as possible
misclassification would be expected to occur in all ethnic groups. Furthermore, as the sample
size of those with TOAST classification data among the three ethnic groups is high,

misclassification is not expected to affect the overall results.

This thesis relies on data from BRAINS, which only recorded the presence or absence of
comorbidities/risk factors for stroke in a dichotomous form (yes/no). Furthermore, 1 did not
have access to continuous data relating to included comorbidities and risk factors. For
example, I did not have access to blood pressure measurements used to identify hypertension,
cholesterol, or glycated haemoglobin among the patients included. Therefore, my results
might not capture the full spectrum of comorbidities and risk factor profiles and their impact
on stroke recovery. Risk factors for cases were defined as: hypertension diagnosed at
discharge (>140/90mmHg), previous diagnosis of hypertension or pre-stroke treatment with
antihypertensive; hypercholesterolemia defined by a previous diagnosis or serum total
cholesterol >5.2 mmol/L; diabetes mellitus classified from a previous diagnosis of type I or 1l
diabetes mellitus; atrial fibrillation cases were diagnosed with an ECG throughout the
hospital stay or from a pre-existing diagnosis. Previous diagnosis of ischaemic heart disease
was collected from clinical records. Smoking and alcohol history was recorded if the patient
had/does so on a regular basis. BMI (kg/m?) was calculated using the height and weight data.
Central obesity was defined by increased waist circumference (Men: >102cm, Women: >88
cm) or BMI (>30) (101). Previous stroke history was collected via self-reporting or the

patient’s medical records.
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Medication history included data on treatment before admission and following discharge.
This data included antiplatelet (Aspirin, Clopidogrel, Dipyridamole), antihypertensives,

statins and anticoagulant (Warfarin, Rivaroxaban, Apixaban, Dabigatran, Edoxaban) status.

BRAINS did not collect information relating to socioeconomic factors such as income or
employment. For the UK arm of this project, | was able to link the data in BRAINS with the
Index of Multiple Deprivation (IMD) data published by the UK government in 2019 using the
recruiting hospital's location (102). The IMD is a measure of relative deprivation for small
areas in England and Wales. The mean IMD is higher among BSA compared to WB (BSA:
21286.7, WB:17133.1) suggesting that BSA suffer from greater social deprivation. As this
linkage was only possible for the UK participants and not based on the patient's specific
location or socioeconomic factors, I did not use it for analysis. Instead, | focused on other

variables that were more relevant and consistent across the BRAINS database.

3.4 Quality control and data analysis

My project is the first to use the UK and India arm of the BRAINS database and as such,
quality control was needed. All data used in this study had been anonymised and analysed
using SPSS v25.0 Statistical Software for Windows 11. Two versions of the UK database
existed in separate Excel datasets. The first was data collected using a paper questionnaire
which was subsequently inputted into an Excel file by research practitioners. Partnered with
this were the scanned questionnaires which were digitalised for later reference. The paper
questionnaire was utilised to record data from 2005-2015. The second dataset (2015-
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onwards) utilises a digital version of the questionnaire accessed through a web portal. There
were no differences in the questions asked or data collected between these two datasets. The
Indian arm of BRAINS collected data using the paper version of the questionnaire, with a
local trial coordinator converting the questionnaire data into a separate Excel file for each
hospital. All four datasets were converted to an SPSS data file. Once in SPSS, | worked on
standardising the variables imported as each original dataset was created by separate
coordinators. This involved changing variable names to match across datasets, ensuring the
coding used matched across datasets, and patients were not recorded multiple times between
datasets. Duplicate cases were of concern as patients could be recorded twice during the

transition from paper to electronic datasets.

Categorical data was standardised with the following coding system: O=False, 1=True,
2=unknown at time of collection, 3=New Diagnosis (where applicable) as an example. The
variables used in this study along with the data type and variable range or code are presented

in Table 3-3.
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Table 3-3: Questionnaire data coded.

Variable name Variable type Variable range or code
Age Continuous Range: 18 - 100
0 = White British
Location Categorical 1=BSA
2=1SA
. 0 = Women
Sex Categorical 1 = Men

1 = Large artery atherosclerosis
2 = Small vessel occlusion
Stroke subtype (TOAST)* Categorical 3 = Cardioembolism
4 = Other determined aetiology
5 = Stroke of undetermined aetiology

0 = Recurrent

Stroke history Categorical 1 = First stroke event
999 = Missing
0 = False
Hypertension Categorical 1=True
999 = Missing
0 = False
Hypercholesterolemia Categorical 1="True
999 = Missing
0 = False
Diabetes mellitus Categorical 1=True
999 = Missing
. : Categorical 0= False
Ischaemic heart disease 1="True
999 = Missing
0 = False
Atrial fibrillation Categorical - 1=True =~
2 = New diagnosis
999 = Missing
: Categorical 0= False
Central Obesity 1="True
999 = Missing
: : Categorical 0=False
Smoking history 1="True
999 = Missing
: Categorical 0= False
Alcohol history 1="True
999 = Missing

TOAST, classification denotes five subtypes of ischaemic stroke (100).
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| follow similar definitions as described in my review, prevalence, risk factors, and
comorbidity. For prevalence, | am using Gordis Epidemiology definition: ‘the number of
affected persons present in the population at a specific time divided by the number of persons
in the population at that time” (24). Comorbidity is defined as the co-occurrence of two or
more long-term conditions in an individual (25). A risk factor is any exposure or behaviour
that increases the likelihood of an individual developing a particular disease or health

condition (26).

Quality control varied depending on the data type. Continuous variables were analysed using
a mixture of descriptive statistics and data visualisations, including mean, median, standard
deviation, minimum, maximum, quartiles, and histograms. Data normality was defined as
normal if the Shapiro-Wilks test returns P>0.05 or using a quantile-quantile (g-q) plot.
Categorical data was analysed using descriptive statistics and cross-tabulations. | compared
variables that involved logical combinations of results, such as the presence or absence of
hypertension and antihypertensive medication use. For example, if a patient were not
recorded as having hypertension but were receiving antihypertensive medication, | would
record them with hypertension. In cases where anomalous data was found, questionnaires
would be checked in case of human error during data submission. If the questionnaire
contained incorrect data, then attempts to obtain the correct information from the collection

site were made. However, if this was not possible then this would be recorded as missing.
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3.4.1 Missing data

As with any observational study collecting detailed medical information, the percentage of
missing data for each variable differed between sites and the question asked. The percentage
of missing data for each variable used, along with comparisons for sex, age of event and
ethnic breakdown are summarised in Appendix 10.7. There are multiple options which could
minimise the impact of missing data for my research, including deletion of cases with
missing data, imputation, and exclusion of cases from specific analysis, each offering
different pros and cons. First, | wanted to identify if the age of the event of stroke was
different between those with missing and complete data for each ethnicity, | used an
independent t-test and summarised the results in Table 3-4. | used age as the dependent
variable for this analysis as the age of the event was a variable with a 100% response rate in
the sub-population (ischaemic stroke only in 18+ year South Asian/white British population)
and it would be a good population descriptor to see if age affected the percentage of missing
data. TOAST subtype (28.1%) and central obesity (25.3%) saw the largest percentage of
missing data within the dataset, with this largely originating from the WB population. Age,
sex, and ethnicity variables contained no missing data. To assess if missing data were skewed
towards a particular ethnic group or location, | used a Little’s Missing Completely at Random
(MCAR) test using the selection criteria of my study (ischaemic stroke only in 18+ year
South Asian/white British population) and for each chapter of my study (103). MCAR test
returns the probability of missing data of a variable that is unrelated to any other measured
variable and is unrelated to the variable with missing values itself. For example, in my
research, this test could help identify a possible failure in recording observations at a
particular recruitment site. If the MCAR test returns a significant P-value (P<0.005), the data
in my study would exhibit a pattern of missing data. The results from the MCAR test on my

dataset reported a P-value of 0.53, suggesting the data was missing completely at random.
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Imputation is the process of replacing the missing data with estimated values. This approach
enables the inclusion of cases with missing data in analyses, instead of omitting them. The
imputed data would be based on the cases that have complete data, and this can be calculated
via multiple routes such as mean or median imputation or regression imputation. Mean or
median imputation is the simplest type of imputation as it replaces all missing values in the
variable of interest with the same imputation value. By using this method, there is an
increased risk of biased results as the distribution of imputed variables can be distorted, and
the variance underestimated (104). Instead of using the same imputed value for every
missing value in a variable, regression imputation imputes missing values in a variable by
using a regression model based on other variables with complete data. The benefit of this
method is that it does not alter the shape of the distribution of the data, and the effect on the
variance is minimal (105). This method also requires data to be missing completely at
random, which is the case with the data in my study. While regression imputation appears to
be the best option for my data, apart from increasing sample size, it does not add anything to
the results as the data imputed will be estimated on the complete data. As this study contained
over 5000 stroke patients, events with missing data still resulted in a large sample size. For
this reason, | focused on excluding cases via listwise or pairwise. Listwise exclusion is based
on the premise that if a case has missing data in the variable of interest it would be excluded
from the analysis. This can distort the results. An example could be that if smoking or alcohol
consumption is not as accepted in one ethnic group compared to other ethnic groups, they
could be more likely to not answer the question and thus reduce the number of people
included and the number of people reporting alcohol consumption or smoking. An alternative
to listwise analysis is excluding cases via the pair-wise technique. The pair-wise technique

includes cases in the analysis if they include missing data and will use all available data. This
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technique also requires the data to be missing completely at random. For this reason, and as
my data was missing completely at random, | used the pairwise exclusion criteria for my
analysis. As the BRAINS database was initially designed to assess the role of genetics in
South Asian stroke risk overall, the questionnaire questions were numerous and required in
some cases detailed answers, the likelihood of missing data was high. To reduce missing data
in future studies, ideal studies would be prospective and only focus on the aims of that
particular study. This would enable clear, concise, relevant variables, which would be easier

to answer and would require less time to complete.

45



Taylor Aurelius

Table 3-4: Comparison of the age of ischaemic stroke event in those with missing and

complete data.

Missing/Complete Missing Complete P-value*
Central obesity n/n mean (SD), years  mean (SD), years
wB 860/1431 71.3(13.2) 71.9 (13.4) 0.34
BSA 279/1371 66.9 (13.8) 65.2 (14.8) 0.08
ISA 184/1095 53.4 (14.2) 52 (13.3) 0.18
Smoking history
wB 229/2062 70.8 (13.4) 71.8 (13.3) 0.32
BSA 103/1547 66.3 (12.4) 65.5 (14.8) 0.59
ISA 9/1270 58.9 (6.8) 52.1 (13.5) 0.13
Alcohol consumption
WB 553/1738 71.4 (13.1) 71.8 (13.4) 0.58
BSA 188/1462 65.7 (13.9) 65.5 (14.7) 0.84
ISA 6/1273 52.3 (11) 52.2 (13.5) 0.98
Hypertension
wB 231/2060 70.9 (13.5) 71.8 (13.3) 0.36
BSA 116/1534 67.2 (11.6) 65.4 (14.8) 0.11
ISA 33/1246 50.7 (15.2) 52.2 (13.4) 0.51
Diabetes mellitus
WB 242/2049 71.2 (13.4) 71.7 (13.3) 0.58
BSA 112/1538 67.3 (11.8) 65.4 (14.8) 0.11
ISA 38/1241 50.1 (16) 52.2 (13.4) 0.34
Hypercholesterolemia
wB 253/2038 71.2 (13.2) 71.7 (13.3) 0.52
BSA 166/1484 68.5 (11.7) 65.2 (14.9) 0.001
ISA 179/1100 52.4 (14.5) 52.1 (13.3) 0.80
Ischaemic heart disease
wB 239/2052 71.1(13.3) 71.7 (13.3) 0.47
BSA 123/1527 67.5 (12.3) 65.3 (14.8) 0.11
ISA 3/1276 55.0 (8.2) 52.2 (13.4) 0.72
Atrial fibrillation
wB 258/2033 70.9 (13.5) 71.8 (13.3) 0.032
BSA 168/1482 68.0 (12.9) 65.2 (14.8) 0.022
ISA 254/1025 52.2 (13.1) 52.2 (13.5) 0.96
TOAST stroke subtype
wB 792/1499 69.7 (12.8) 72.7 (13.5) <0.001
BSA 365/1285 66.4 (13.8) 65.2 (14.9) 0.18
ISA 311/968 51.2 (12.3) 52.5(13.8) 0.15
Stroke history
wB 218/2073 70.5 (13.3) 71.8 (13.3) 0.17
BSA 91/1559 67.4 (11.7) 65.4 (14.8) 0.12
ISA 3/1276 55.0 (8.2) 52.2 (13.4) 0.72

n denotes sample size. *P-value is calculated using an independent t-test. WB, white British;
BSA, UK residing South Asians; ISA, India South Asians.
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3.4.2 Recruitment bias

As a cross-sectional observational study, various biases, such as selection and information
bias, as well as confounding variables can affect the study's findings (106). Selection bias is
when the characteristics of a study population differ systematically from those of eligible
participants who were not chosen to be part of the study (such as the general population).
This can impact the results of a study as they might not be generalisable to the general
population. Selection bias can typically occur if you have strict recruitment criteria which can
result in certain subgroups of a desired population being recruited. Nonresponse bias is
another type of selection bias that arises when individuals who do not respond to a study
differ systematically from those who do. This type of bias can often occur during the
recruitment phase of a study. Again, if the respondent population differs from the overall
population being studied, this can lead to biased results. Quay et al has discussed how these
biases can affect South Asian recruitment in studies. The authors identified that South Asian
recruitment could be hindered by language and cultural barriers, apprehensions about the
potential negative outcomes of taking part, and a lack of faith in the research (15). Possible
methods discussed to counter these include increased involvement of South Asian
communities, offering incentives and utilising translators and translated materials to ensure

language sensitivity, and establishing trust and personal connections.

As a significant proportion of recruitment was already completed before analysing BRAINS,
| was unable to apply influence recruitment. For the BRAINS study, all stroke patients
admitted to a secondary care site, regardless of stroke type, ethnicity, and sex, were recruited.
To reduce nonresponse bias, patients were recruited by an onsite coordinator, typically a

research nurse, who would be able to provide full details of the study and answer any
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questions the patient might have to increase patient confidence. Though the questionnaire
was completed by the onsite coordinator and the patients were not required to read these, for
future studies within this demographic partnering documentation in several languages could
decrease possible hesitancy in joining the study. Cash incentives could be another possible
route to increase enrolment however this would add extra cost and limit sample size

depending on the budget available.

Though these incentives were not in place during the patient recruitment process, | believe
BRAINS is representative of the larger population of stroke patients. All those admitted to a
participating hospital with a stroke event would be recruited. Though demonstrating
representativeness can be difficult as there are no official demographic details of South Asian
stroke in the UK, comparing the prevalence of various risk factors/comorbidities in South
Asians with those previously reported, similarities are present (22,29,35). Furthermore,
comparing the distribution of stroke within the BRAINS dataset, ischaemic type occurred in
88.2% of white British cases, 84.5% in UK residing South Asian cases and 90.3% of Indian
South Asian cases, similar to that reported in previous studies, suggesting representativeness

(22,29,35).
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4 Age of Stroke Onset in South Asians

4.1 Introduction

As discussed in the literature review, there has been a paucity of data relating to the age of first-
time ischaemic stroke event within the UK. Some small studies have suggested an earlier stroke
onset in South Asians and increased stroke mortality compared to the white British
population(35,107). Other studies have shown migration can have an adverse effect on South
Asian health due to changes in living environments, differing healthcare systems (108),
reduced exercise and potentially changes in diet (76,79) possibly compounded by genetic
liabilities (109). Although these negative effects could be reduced by the use of technology for
improving healthcare access (110), ethnic-specific analysis is likely needed to identify stroke

onset differences as well as novel risk factors.

I sought to investigate differences in the age of first-time stroke onset between the white British
population and South Asians residing in the UK and those in India. | used the UK and India

arms of the BRAINS dataset study. The three aims of this chapter are:

1. To explore the prevalence of traditional stroke risk factors in both South Asian groups
with white British patients.

2. To determine if there are ethnic differences in age of event in those with first-time
ischaemic stroke.

3. If so, does the difference in age of stroke event remain after adjusting for

environmental and traditional stroke risk factors.
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4.2 Methods

| analysed the UK and Indian arms of the ongoing prospective international Bio-Repository of
DNA in Stroke (BRAINS) study, the details of which have been discussed in chapter 3 and
have previously been published (98,111). To identify the age of onset of ischaemic stroke, |
excluded cases that had a previous ischaemic or haemorrhagic stroke. Cases were included if
they had complete information on the age of onset, stroke history, ethnicity, and sex. All cases
used in this chapter had first-time ischaemic stroke event. All analyses in this study compared

BSA and ISA with WB patients.

As the sample now included those with first-time stroke event only, | wanted to assess if the
effect of missing data would affect the age of event. To do this | compared the age of first-time
ischaemic stroke event for each variable used, between those with missing and complete

comorbidity data. This data is presented in Appendix 10.8 and is stratified for each ethnic

group.

Demographic and categorical data between ISA, BSA and WB were compared using one-way
Analysis of variance (ANOVA) and chi-square tests. The prevalence of individual risk factors
between ethnicity and age were analysed by linear regression. General linear model (GLM)
analysis was performed to identify the association between ethnicity and age-adjusted for
potential confounders (112). Variables likely associated with age were selected with respect to
biological plausibility (sex, central obesity, smoking history, alcohol history, hypertension,
diabetes mellitus, hypercholesterolemia, ischaemic heart disease and atrial fibrillation).

Statistical analysis used in this chapter are discussed in chapter 3.3.
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4.3 Results

The combined UK and India arm of the BRAINS study consists of 5220 ischaemic stroke
patients. Of these, 4038 individuals identified with first-time ischaemic stroke, 1126 (men: 757,
women: 369) were ISA, 1176 (men: 761, women: 415) were BSA, and 1736 (men: 966,

women: 770) were WB patients.

Demographic and clinical characteristics between ethnicity are presented in Table 4-1. BSA
suffered from ischaemic stroke onset 7.2 years earlier, while ISA was 19.5 years earlier than
their WB counterparts (BSA: 64.3+15.1 years, vs. ISA: 52.0+13.4 years, vs. WB: 71.5+13.5
years, P<0.001). BSA patients had an increased prevalence of hypertension (BSA: 76.9% vs.
ISA: 68.0% vs. WB: 66.3%, P<0.001), diabetes mellitus (BSA: 50.3% vs. ISA: 32.9% vs. WB:
18.8%, P<0.001), hypercholesterolaemia (BSA: 52.6% vs. ISA: 36.4% vs. WB: 34.1%,
P<0.001) and ischaemic heart disease (BSA: 30.3% vs. ISA: 13.6% vs. WB: 19.5%, P<0.001)
compared to ISA and WB patients. Atrial fibrillation, smoking history and high alcohol
consumption were more prevalent in WB stroke cases compared to ISA and BSA cases.
Comparisons of traditional stroke risk factors between differing ethnicities are presented in

Appendix 10.9.
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Table 4-1: Population characteristics stratified by ethnicity.

ISA (n=1126) BSA (n=1176) WB (n=1736) P-value*
Average age of onset, mean (SD), years 52.0 (13.4) 64.3 (15.1) 71.5 (13.5) <0.001
Men, n (%) 757 (67.4) 761 (64.7) 966 (55.6) <0.001
Environmental Factors n (%) n (%) n (%) P-value*
Central obesity 348 (35.8) 358 (35.0) 368 (31.1) 0.042
Smoking history 492 (43.9) 413 (35.5) 915 (53.3) <0.001
Alcohol consumption 468 (41.8) 254 (23.2) 660 (45.9) <0.001
Comorbidities n (%) n (%) n (%) P-value*
Hypertension 747 (68.0) 890 (76.9) 1137 (66.3) <0.001
Diabetes mellitus 361 (32.9) 582 (50.3) 321 (18.8) <0.001
Hypercholesterolemia 355 (36.4) 593 (52.6) 579 (34.1) <0.001
Ischaemic heart disease 147(13.6) 340 (30.3) 300 (19.5) <0.001
Atrial fibrillation 56 (6.1) 131 (11.7) 372 (21.9) <0.001

n, sample size. *P-value is calculated using either one-way ANOVA for age of onset comparisons or chi-square tests for prevalence comparisons.
Central obesity is classified by waist circumference (men: >102cm, women: >88 cm) or BMI (>30 kg/m?). ISA: South Asians residing in India.

BSA: UK residing South Asians. WB: White British.
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Sex-specific analyses are presented in Table 4-2. ISA men suffered stroke 10.7 years and 17.0
years earlier than BSA and WB men respectively. Conversely, ISA women suffered stroke 15.5
years and 23.2 years earlier than BSA and WB women. Of the environmental factors, ISA,
BSA, and WB women reported a greater prevalence of central obesity compared to men.
Smoking history and alcohol consumption were greater in men compared to women for each

ethnicity.
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Table 4-2: Comparison of population characteristics between ethnic groups, by sex.

Men Women
ISA BSA wB pvalues VA BSA wB ovalue*
(n=757) (n=761) (n=966) (n=369) (n=415) (n=770)

Average age of onset, mean (SD), years 52.5(12.8)  63.2 (14.7) 69.5(13.0) <0.001 (i)?li) 66.3 (15.6) 74.0 (13.5)  <0.001
Environmental Factors n (%) n (%) n (%) P-value* n (%) n (%) n (%) P-value*
Central obesity 202 (30.9) 195 (29.1) 180 (27.2) 0.34 146 (46.1) 163 (45.9) 188 (35.9) 0.002
Smoking history 422 (56.1) 380 (50.5) 580 (60.7) <0.001 70 (19.0) 33(8.0) 335 (44.1) <0.001
Alcohol consumption 402 (53.5) 223 (31.6) 432 (52.8) <0.001 66 (17.9) 31(7.9) 228 (36.8) <0.001
Comorbidities n (%) n (%) n (%) P-value* n (%) n (%) n (%) P-value*
Hypertension 517 (70.1) 569 (76.0) 609 (63.8) <0.001 230(63.7) 321 (78.7) 528 (69.5) <0.001
Diabetes mellitus 254 (34.5) 377 (50.2) 194 (20.4) <0.001 107 (29.7) 205 (50.5) 127 (16.8) <0.001
Hypercholesterolemia 229 (35.1) 396 (54.1) 334 (35.3) <0.001 126(39.0) 197 (49.9) 245 (32.5) <0.001
Ischaemic heart disease 99 (13.6) 248 (34.3) 180 (20.8) <0.001  48(13.0) 92 (23.2) 120 (17.8) 0.003
Atrial fibrillation 25 (4.2) 84 (11.5) 200 (21.1) <0.001 31 (9.6) 47 (12.0) 172 (22.8) <0.001

n, sample size. *one-way ANOVA was used to compare the age of onset with all ethnic groups. Categorical variables P-value calculated
using a chi-square test between 3 groups. Chi-square tests between BSA and ISA with WB (reference) were also calculated and displayed
the same results. Central obesity is classified by waist circumference (men: >102cm, women: >88 c¢cm) or BMI (>30 kg/m?). ISA: South
Asians residing in India. BSA: UK residing South Asians. WB: White British.
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To evaluate the association of age with ethnicity, a linear regression model was performed and
adjusted for the following variables: sex, central obesity, alcohol consumption, smoking
history, hypertension, atrial fibrillation, and ischaemic heart disease. In a simple linear
regression, both BSA and ISA were associated with an earlier age of onset (5=-9.61, SE=0.27)
and accounted for 24.6% of the total variance (R?=0.246). A forward stepwise linear regression
was performed adjusting for traditional stroke risk factors (Table 4-3). In this model, South
Asian ethnicity, regardless of location, continued to show a negative association with the age
of onset of stroke (5=-9.31, SE=0.31). This model overall predicted 33.7% (R?=0.337) of the
variation of the age of onset of ischaemic stroke, with ethnicity accounting for 24.7%
(R?=0.247). The results of the missing value analysis indicate that missing values occur

completely at random (MCAR) (P=0.69).
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Table 4-3: Stepwise multivariable linear regression analysis predicting the age of onset of
ischaemic stroke (years) with traditional risk factors.

Effect size

Variables (B), years SE P-value R?
Ethnicity:

-9.31 0.31 <0.001 0.247
(Reference group: WB, 1 = BSA, 2 =1SA)
Hypertension 7.64 0.54 <0.001 0.057
Atrial fibrillation 541 0.74 <0.001 0.016
Ischemic heart disease 3.28 0.63 <0.001 0.006
Alcohol Consumption -2.02 0.53 <0.001 0.005
Central obesity -2.04 0.52 <0.001 0.003
Sex (reference group: Women) -1.93 0.53 <0.001 0.003

* Effect size (B-coefficients), degree of change in the age of onset of ischaemic stroke
(dependent variable) for every 1 unit of change in the predictor variable. SE, standard error.
R?, percent of variance in age of onset of ischaemic stroke that is explained by the set of
predictor variables. Constant for the gradient (B)=67.9. Diabetes mellitus (P=0.06), smoking
history (P=0.15) and Hypercholesterolemia (P=0.05) were excluded from the model. High
significance of the F-test=191.9, P<0.001 indicates a linear relationship between the
variables in the model. Total R?=0.337. ISA: South Asians residing in India. BSA: UK
residing South Asians. WB: White British.
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To assess the independent association of age with ethnicity among stroke patients, the analyses
were repeated on the basic model (i.e., adjusted for ethnicity and sex only model) with separate
adjustments for each predictor in Table 4-4. Both BSA and ISA continued to display earlier
age of stroke onset regardless of the traditional risk factor being adjusted suggesting that
ethnicity was independently associated with the age of onset. Adjusting for these traditional
risk factors of stroke, ISA and BSA showed an even more pronounced earlier age of stroke
onset of 18.9 years (ISA: 52.8 years vs. WB: 71.7 years, P<0.001) and 8.9 years (BSA: 62.8

years vs. WB: 71.7 years, P<0.001), respectively.

57



Taylor Aurelius

Table 4-4: Simple linear regression analysis predicting the age of onset of ischaemic stroke
(years) adjusting for each traditional risk factor.

ISA (WB reference group) BSA (WB reference group)

Risk Factor I?;,;?;Z;ifse SE P-value I%g??ezifse SE P-value
Central obesity -19.60 0.56 <0.001 -13.29 0.54 <0.001
Smoking history -19.29 0.52 <0.001 -13.26 0.48 <0.001
Alcohol consumption -19.36 0.54 <0.001 -13.69 0.50 <0.001
Comorbidities

Hypertension -19.37 0.50 <0.001 -13.50 0.45 <0.001
Diabetes mellitus -19.63 0.52 <0.001 -13.92 0.48 <0.001
Hypercholesterolemia -19.12 0.54 <0.001 -12.90 0.48 <0.001
Ischaemic heart disease -18.94 0.53 <0.001 -13.25 0.48 <0.001
Atrial fibrillation -18.27 0.55 <0.001 -11.59 0.48 <0.001
Multivariate Model -18.77 0.65 <0.001 -13.88 0.58 <0.001

*Effect size (S-coefficients), degree of change in the age of onset of ischaemic stroke
(dependent variable) for every 1 unit of change in the predictor variable. SE, standard error.
Each model was adjusted for sex and specific stroke risk factor. Multivariate Model includes
all risk factors. ISA: South Asians residing in India. BSA: UK residing South Asians. WB:
White British.
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4.4 Discussion

In this study, compared to their WB stroke counterparts, BSA and ISA suffer from an earlier
ischaemic stroke onset of ~9 and ~19 years respectively following adjustment for traditional
risk factors. In both men and women, ISA continued to suffer from an earlier ischaemic
stroke compared to BSA and WB. Ethnicity explained approx. 25% of the variance of the age
of onset, with traditional risk factors of hypertension, atrial fibrillation, ischaemic heart
disease, alcohol consumption, central obesity, and sex accounting for only about 8% of the

variance.

The significantly later age of onset of ischaemic stroke in BSA compared to their ISA
counterpart suggests an improvement in stroke prevention associated with a UK environment
(113). This study is the first migration-related study focusing on the age of first onset of
ischaemic stroke of South Asians in the UK and India (23), making comparisons to previous
studies limited. Earlier age of stroke onset in South Asians, regardless of location, is consistent
with findings from other smaller studies both in South Asia (114-117) and the UK (118),
though these do not focus on first-time stroke events. Notwithstanding the health benefits of
the UK, the BSA population has not standardized with WB, although are improved compared
with ISA. Gunarathne et al found an 8-year earlier onset compared to WB patients with data
collected between 1997 and 2005 (118), suggesting that little improvement in stroke prevention
has been achieved in this migrant demographic over the intervening decades. Earlier onset of
stroke is not only exclusive to South Asians but also other ethnic minority groups in the UK
and could highlight health inequalities for all ethnic minority groups in the UK (119,120).

Previous reports have pointed out that the absence of ethnic considerations in healthcare,
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coupled with systemic health inequities that escalate with age, may result in adverse health

outcomes and increased mortality rates (121).

This study reports significantly higher rates of hypertension, diabetes mellitus and
hypercholesterolaemia in BSA consistent with some (35,41,122-127) but not all previous
studies (123). After adjusting for these factors, South Asian ethnicity explained 24.2% of the
earlier onset seen in this study and was associated with an earlier age of onset of stroke.
Appropriate clinical management of these comorbidities may also play a part in determining
the age of stroke (128,129). Within the linear regression model, hypertension, atrial fibrillation,
and ischaemic heart disease report a positive beta value, suggesting a protective effect against
earlier onset of ischaemic stroke. The reason for this is likely linked to the relationship between
other confounding variables in the model. When you add a confounding variable to a regression
model, it can change the sign and magnitude of the coefficients of other independent variables
because it accounts for some of the variation in the dependent variable that was previously
attributed to them. For this reason, it is unlikely that these comorbidities offer a protective

effect.

Central obesity (a known ischemic stroke risk factor) has a greater prevalence in the South
Asian community (30,130,131). Though this study reports a significantly higher prevalence of
central obesity in BSA, a similar prevalence among ISA when compared to the WB population,
was also present. This highlights the possible changes in lifestyle/environmental factors
associated with migrating to the UK such as diet and exercise. Traditional South Asian diet
consisting of carbohydrate rich foods including rice and bread is more tailored to a physically
demanding rural environment (89). But this carbohydrate rich diet continues in the UK (90)

partnered with lower physical activity compared with the WB population (76,132,133). A
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predisposition to visceral adiposity in the truncal region has resulted in the WHO

recommending South Asian specific thresholds for determinators of obesity (134).

Though the increased prevalence of traditional stroke risk factors in South Asians was seen in
the UK and India, the effect of migration on environmental and lifestyle factors are likely
another possible cause of differing stroke risk and outcome. Accessing healthcare is an
important area in stroke prevention which is often overlooked in migration studies. Though
BSA have access to preventable healthcare services, knowledge about risk factors and
contribution to disease is also demonstrably poor. Many BSA are not aware of the common
complications of diabetes mellitus (135), with sociocultural and religious factors exaggerating
this with distorted perceptions of failure at self-care and social stigma (136). Sex differences
also can determine environmental and comorbidity factor prevalence. Of interest was the ~10%
increase in ischaemic heart disease among BSA men compared to women. In general,
ischaemic heart disease is more likely to develop at an earlier age in men (137) who usually
have a greater prevalence of cardiovascular risk factors and is likely the reason for the

difference.
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4.5 Limitations

45.1 Limitations with the BRAINS dataset

Like all studies, several limitations need to be noted. BRAINS is a long running study and
thresholds for risk factors and their management have changed over the intervening years.
However, such transitions, if conducted locally would have resulted in a non-differential ethnic
bias as any changes which could influence the results of this thesis would affect both BSA and
WB. Further, many of the comorbidities (e.g., DM, hypertension, atrial fibrillation) included
in this thesis are well defined, with criteria for diagnosis between the UK and India being
similar. Availability of treatment offered between the UK and India will vary due to different
healthcare systems, however, one of the main objectives of this study is to report the difference
in comorbidity prevalence and how this impacts the age of stroke event. BRAINS did not
collect information relating to treatments offered to patients, with the exception of AF, or
adherence. For this reason, | only discuss the prevalence of the comorbidities in the study
population and its implication on stroke risk. Comorbidity/risk factor prevalence is recorded
at the time of the event. Though I am unable to comment on the length of time these
comorbidities were present prior to the stroke event, much of the prevalence data collected was
through treatment regimens recorded on the patient’s clinical record. Although this may lead
to an underestimating of the real effect size on the age of stroke event of the included stroke
risk variables, the large sample size (n=4038) reflects the current impact of these risk variables
on stroke in the South Asian population. Ethnicity was defined by grandparent origin. While
this was self-reported, previous studies have demonstrated the accuracy of this methodology
(138,139). The socioeconomic status which may influence morbidity and mortality was not
collected so | am unable to assess its influence on the age of stroke onset. This is a prospective

hospital-based study so conclusions cannot be extrapolated for overall or community-based age
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differences. Further, older stroke patients may choose not to seek medical advice compared to
younger victims which could influence this hospital-based study. However, this limitation
would likely apply to either ethnic group or location. Though we did not collect detailed data
on the numbers of those who chose not to participate in this prospective study, those numbers
were small and broadly similar across all studied groups. To assess the representation of the
ISA and BSA within our study we utilised the broader BRAINS dataset, which consists of both
ischaemic and haemorrhagic events and found similar stroke subtype prevalence across the
three groups in our study (35,140). This includes BSA in BRAINS reporting 84.5% of
ischaemic events which is similar to previous reported prevalence (35). Further, we are unable
to report specific effects of migration and how they develop as long-term follow-up was not

undertaken.

Both the UK and India recruitment sites were chosen to ensure a representative sample. In the
UK we identified 21 hospital sites with a high number of South Asians. India, with a
geographical land mass similar to the US, is significantly more challenging to recruit a
representative sample. The two hospital sites chosen, All India Institute of Medical Sciences
and Sree Chitra Tirunal Institute for Medical Sciences and Technology, were identified as they
are located in the north and south of the country. Furthermore, both offer free access to medical
services and are thus more likely to attract a wide population from varying socioeconomic
backgrounds. Finally, this is a hospital-based study and is dependent on the recruitment of
patients attending hospital. Different cultures have different responses and access to seeking
emergency healthcare support services. While a stroke usually presents with disabling
symptoms there is a possibility that not all stroke afflicted patients attended hospital resulting

in recruitment bias to this study.
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4.5.2 Missing data

For this chapter, | only included those with first-time ischaemic stroke event. This resulted in
the exclusion of 1182 ischaemic stroke patients who had missing stroke history data or who
had suffered from a recurrent stroke event. To assess if this resulted in any type of bias, |
compared the age of event between those with missing and complete data for each
comorbidity (Appendix 10.8). The only significant difference of age between those with
missing and complete data was seen in BSA for central obesity and hypercholesterolemia.
For both, an earlier age of onset was reported in those with complete central obesity and
hypercholesterolemia data. Though this was significant the difference was small, ~3-4 years,
and only affected two variables reducing the impact on the linear regressions. There could be
several reasons for the difference in age between cases with missing and complete data. It is
possible that older patients have a higher likelihood of missing data because they may have
cognitive impairment or be unable to provide accurate information during recruitment by the
nurse. Additionally, younger patients may be more likely to have complete data as they might
have a greater understanding of the importance of providing accurate information (141).
Finally, it has been previously reported that for South Asians in the UK, there may be
demographic or socioeconomic differences between the groups, with patients from certain
backgrounds being more likely to have missing data due to language barriers, cultural
differences, or lack of access to healthcare resources (15). Furthermore, mistrust of research,
especially in the South Asian community could also be playing a role (15). To reduce the
likelihood of this, a future study could run a pilot phase with the questionnaire to identify if
these questions are suitable for the target population and if ethnic differences such as

language could be factored in.
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4.6 Summary

In this chapter, | found BSA and ISA suffered from stroke ~9 and ~19 years, respectively,
earlier than their white British (WB) counterparts. Ethnicity accounted for around 25% of the
variance of the earlier age of onset. These results could have considerable implications for

public health policymakers in countries with sizable South Asian populations.
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5 Ischaemic stroke subtype in South Asians

5.1 Introduction

In the previous chapters, | explored how the age of event varied significantly between South
Asians and the white British population for ischaemic stroke. Aetiologies of ischaemic
strokes varies significantly between geographical location and ethnicity though few studies
have focused on South Asians, particularly those residing in the UK. Multiple criteria exist to
determine the subtype of ischaemic stroke, all utilising differing observational, radiological,
and biochemical tests. The most broadly utilised, and the first based on underlying stroke
mechanisms is the Trial of Org 10172 in Acute Stroke Treatment (TOAST) (100). This

information is crucial as it can aid in the treatment and prevention strategies for stroke.

There is a paucity of ischaemic stroke subtype data in South Asians (142), and as of yet, there
has been no UK studies reporting TOAST classification in BSA. Of ischaemic subtype using
alternative classification, one study using the observational based Oxfordshire Community
Stroke Project criteria suggested an increase in small vessel disease prevalence compared to
the white British population (35). Additionally, differing results have been reported in South

Asia using the TOAST criteria (143,144).

To investigate the differences in ischaemic stroke subtype between the white British
population and South Asians residing in the UK and those in India, | continued to use the

BRAINS dataset. The aims of this chapter are:
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1. To identify if ethnic differences in ischaemic stroke subtype exist in BSA and ISA
compared with WB patients.

2. To evaluate if the differences in age of stroke onset reported in chapter 4 are linked to
a specific stroke subtype.

3. Using risk factor data, determine if ethnicity is independently associated with each

ischaemic stroke subtype.
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5.2 Methods

To assess the difference in ischaemic stroke subtype, I utilised the TOAST classification
criteria (100). The basis for this analysis can be found in chapter 3. Cases were included if
they had complete information on TOAST classification, age of onset, stroke history,
ethnicity, and sex. All cases used in this chapter had first time ischaemic stroke event. All
analyses in this study compared BSA and ISA with WB patients. To identify if selecting
patients with complete TOAST classification data altered the demographic of the sample
population, I compared the age of first-time stroke event in those with missing and complete

classification data for each ethnicity and comorbidity (Appendix 10.10).

Demographic details and categorical data between ISA, BSA and WB were compared using
chi-square test. The age of onset for each TOAST subtype were compared using one-way
ANOVA tests and presented in a bar graph. Logistic regression analysis was performed to
identify the association between ethnicity and ischaemic stroke subtypes, adjusted for potential
confounders (112). Further, stepwise logistic regressions were performed to identify the
association between each TOAST classification and ethnic groups adjusted for potential
confounders. Variables were removed from the model if they crossed P>0.05 threshold.
Variables likely associated with age were selected with respect to biological plausibility (sex,
central obesity, smoking history, alcohol history, hypertension, diabetes mellitus,
hypercholesterolemia, ischaemic heart disease and atrial fibrillation). Little's MCAR test was
used to assess if traditional stroke risk factors with missing values were missing completely at

random (103).
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5.3 Results

The combined UK and Indian arm of the BRAINS study consists of 5220 patients with
ischaemic stroke. Of these, 3060 individuals identified with first-time ischaemic stroke: 850
(men: 595, women: 255) were ISA: 970 (men: 630, women: 340) were BSA, and: 1240 (men:

662, women: 578) were WB patients (Figure 5-1).

Figure 5-1: Selection criteria for chapter 5.

5220 ischaemic stroke

patients in BRAINS.

870 patients excluded due 312 patients with missing

to recurrent stroke. stroke history data.

4038 first-time ischaemic

stroke patients.

978 patients with missing

TOAST classification data.

3060 first-time ischaemic
stroke patients with
TOAST™* data.

*Stroke subtype uses the TOAST (trial of ORG 10172 in acute stroke treatment)
classification (100). BRAINS (Bio-Repository of DNA in Stroke).
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Demographic and clinical characteristics are presented in Table 5-1. Ischaemic stroke

occurred on average 8.6 years earlier in BSA and 20.3 years in ISA compared to WB patients

(P<0.001). BSA patients had an increased prevalence of established risk factors

(hypertension, diabetes mellitus, hypercholesterolemia, ischaemic heart disease) more so than

ISA (Table 5-1) when compared to WB patients.

Table 5-1: Population Characteristics stratified by ethnicity.

ISA (n=850)  BSA (n=970)  WB (n=1240)

n (%) n (%) n (%) P-Value*
Age, years (SD) 52.3(13.7) 64.0 (15.2) 72.6 (13.5) <0.001
Men 595 (70.2) 630 (64.9) 662 (53.4) <0.001
Central obesity 286 (39.2) 313 (35.8) 269 (32.4) 0.020
Smoking history 369 (43.6) 348 (36.0) 611 (49.7) <0.001
Alcohol consumption 357 (42.2) 210 (22.9) 433 (44.2) <0.001
Comorbidities n (%) n (%) n (%) P-Value*
Hypertension 562 (68.0) 736 (76.5) 811 (66.2) <0.001
Diabetes mellitus 277 (33.5) 486 (50.5) 230 (18.8) <0.001
Hypercholesterolemia 253 (34.8) 496 (52.5) 388 (31.9) <0.001
Ischaemic heart 37 (13.8) 104 (29.4) 295 (18.0) <0.001
disease
Atrial Fibrillation 117 (5.7) 283 (11.0) 220 (24.2) <0.001

n, sample size; Central obesity classified by waist circumference (men: >102cm, women: >88
cm) or BMI (>30 kg/m?); BSA: UK residing South Asians; ISA: South Asians residing in
India; WB: White British. All comparisons made are between ethnic groups. *P-value for the
comparison between ethnicities is derived from chi-square tests for prevalences or one-way

ANOVA for age of onset comparisons.
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5.3.1 TOAST Stroke Subtype

Differences in traditional stroke risk factor prevalence and population characteristics among
those with different TOAST subtypes are presented in Table 5-2. The average age of stroke
for each TOAST classification in BSA, ISA and WB are shown in Figure 5-2. In each of the
TOAST classifications, both ISA and BSA had significantly earlier onset of ischaemic stroke
compared to WB patients. Cardioembolic stroke saw the largest difference between
ethnicities, with BSA and ISA suffering 10.0 years and 26.7 years earlier onset respectively

than WB patients.
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Table 5-2: Population characteristics stratified by ethnicity and TOAST classification.

Large artery atherosclerosis Small vessel occlusion Cardioembolism

ISA BSA WB ISA BSA WB ISA BSA WwB
(n=216) (n=185) (n=414) (n=170) (n=302) (n=261) (n=100) (n=157) (n=246)

n (%) n (%) n(%) P-value n (%) n (%) n(%) P-value n (%) n (%) n (%) P-value
Men 165 (76.4) 123(66.5) 219(52.9)  <0.001  111(65.3) 190 (62.9) 135 (51.7) 0.006 56 (56.0) 106 (67.5) 125 (50.8) 0.004
Smoking history 119 (55.1)  72(39.3) 199 (48.7) 0.007 74 (44.0)  90(29.8) 102 (39.5) 0.004 27 (27.3)  57(36.5) 126 (51.6) <0.001
Alcohol 100 (46.5) 40 (22.3) 144 (42.6)  <0.001  77(45.6) 68(243) 74(435) <0001  33(33.0) 37(252) 95(44.8)  0.001
consumption
Comorbidities n (%) n (%) n(%) P-value n (%) n (%) n (%) P-value  n (%) n (%) n (%) P-value
Hypertension 147 (69.3) 144 (78.8) 272 (65.9) 0.007 144 (85.7) 240(80.3) 181 (69.9)  <0.001 52 (54.7) 127 (81.4) 182 (74.3) <0.001
Diabetes mellitus 81(38.0) 96(525) 76 (18.4) <0.001 65(38.9) 152(50.8) 45 (17.4) <0.001 26 (26.5)  78(49.7)  43(17.6) <0.001
Hypercholesterolemia 67 (34.7) 104 (57.8) 128(31.2) <0.001 59 (39.3) 161(55.3) 70(27.2) <0.001 39 (45.9) 78 (50.3) 92 (37.9) 0.043
Central obesity* 75(39.1)  40(24.5) 103 (34.6) 0.013 56 (36.6) 112 (41.5) 52 (36.6) 0.50 27 (32.1)  46(33.1)  45(24.7) 0.21

n, sample size; BMI, body mass index; HDL-Cholesterol, High-density lipoprotein cholesterol; * Central obesity classified by increased waist
circumference (men: >102cm, women: >88 cm) or BMI (>30 kg/m2); ISA: South Asians residing in India; BSA: UK residing South Asians;
WB: White British. All comparisons made are between ethnic groups. P-value is calculated using a chi-square test between 3 groups. Chi-square
tests between BSA and ISA with WB (reference) were also calculated and displayed the same results. Stroke subtype uses the TOAST (trial of
ORG 10172 in acute stroke treatment) classification (100).
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Figure 5-2: Stroke subtypes in South Asian and white British ischaemic stroke cases.
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The distribution of ischaemic stroke subtype using the TOAST classification is shown in
Figure 5-3. BSA patients presented with a 10.1 and 11.1% greater prevalence of small vessel
occlusion compared to WB and ISA patients respectively. Moreover, WB patients presented
with a significantly greater prevalence of large-artery atherosclerosis and cardioembolism
compared to ISA and BSA patients. ISA patients presented with a 17.7% and 18.9% greater
prevalence of stroke of undetermined aetiology compared to WB and BSA patients

respectively.
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Figure 5-3: Distribution of stroke subtype using the TOAST classification, stratified by ethnicity.
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Adjusting for sex and age, BSA had a two-fold greater risk of small vessel occlusion
compared to WB patients (Table 5-3). Similarly, ISA reported a 44% greater risk of small
vessel occlusion compared to WB patients. Inversely, large artery atherosclerosis classified
stroke was significantly more common in WB patients compared to BSA and ISA patients.
No significant difference in cardioembolic stroke prevalence remained in BSA compared to

WB.

Table 5-3: Age and sex adjusted comparison of stroke subtypes in BSA and ISA with the
WB stroke populations.

ISA vs. WB (reference group)  BSA vs. WB (reference group)

TOAST Classification OR (95% CI) P-Value OR (95% CI) P-Value
Large artery 0.71 (0.56 — 0.90) 0.005 0.47 (0.38 —0.58) <0.001
atherosclerosis

. 1.44 (1.09 - 1.90) 0.010 1.92 (1.57 - 2.36) <0.001
Small vessel occlusion
Cardioembolism 0.67 (0.49 -0.91) 0.011 0.90 (0.71-1.13) 0.35
Other determined 0.50 (0.32 -0.78) 0.002 2.05 (1.53 - 2.76) <0.001
aetiology
Stroke of undetermined 1.86 (1.47 — 2.34) <0.001 0.81 (0.65-1.02) 0.07
aetiology

Reference group: white British ischaemic stroke patients; OR, Odds Ratio; 95% CI, 95%
Confidence interval; ISA: South Asians residing in India; BSA: UK residing South Asians;
WB: White British. Stroke subtype uses the TOAST (trial of ORG 10172 in acute stroke
treatment) classification (100).
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To assess if ethnicity was independently associated with differing stroke subtypes, |
conducted stepwise logistic regressions comparing both BSA and ISA with WB, adjusting for
stroke risk factors/comorbidities and age (Table 5-4). Small vessel occlusion remained 65%
and 88% more common in both ISA and BSA respectively compared to WB patients.
Cardioembolism and large artery atherosclerosis remained more prevalent in WB patients
compared to both ISA and BSA. The results of the missing value analysis indicate that

missing values occur completely at random (MCAR) (P=0.78).
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Table 5-4: Logistic regression model to assess the risk of various ischaemic stroke subtypes

(TOAST) in ISA and BSA.

ISA vs. WB (reference group) OR (95% CI) P-Value
Large artery atherosclerosis ! 0.71 (0.53 -0.96) 0.026
Small vessel occlusion 2 1.65 (1.15 - 2.38) 0.007
Cardioembolism 3 0.58 (0.39 - 0.85) 0.005
Other determined aetiology * 0.45 (0.26 — 0.80) 0.006
zgsﬁgfndetermmd 1.26 (0.98 — 1.74) 0.16
BSA vs. WB (reference group) OR (95% CI) P-Value
Large artery atherosclerosis ! 0.37 (0.29 — 0.48) <0.001
Small vessel occlusion ° 1.88 (1.44 — 2.44) <0.001
Cardioembolism © 0.73 (0.56 — 0.96) 0.026
Other determined aetiology ’ 2.13 (1.50 - 3.03) <0.001
Stroke of undetermined 0.74 (055 0.99) 0. 044

aetiology 8

Reference group: white British ischaemic stroke patients; OR, Odds Ratio; 95% CI, 95%
Confidence interval; ISA: South Asians residing in India; BSA: UK residing South Asians;
WB: White British. Variables were removed from the model if they crossed P>0.05
threshold.

Stepwise model adjusted for:

1 = Age, sex, atrial fibrillation.

2 = Age, sex, atrial fibrillation, smoking history, central obesity.

3 = Age, sex, hypertension.

4 = Age, sex, atrial fibrillation, ischaemic heart disease.

5 = Age, sex, hypertension, atrial fibrillation.

6 = Age, sex, Smoking history, hypercholesterolemia, central obesity.

7 = Age, sex, hypertension, atrial fibrillation, central obesity.

8 = Age, sex, hypertension, diabetes mellitus, atrial fibrillation.
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5.4 Discussion

In this chapter, | reported that BSA suffer from a significantly greater prevalence of small
vessel occlusion compared to both WB and ISA patients. Conversely WB patients present
with a greater prevalence of large artery atherosclerosis than both BSA and ISA patients.
Overall and for each toast subtype ISA patients suffer from significantly earlier onset of
stroke followed by BSA patients when compared to WB patients. After adjusting for
traditional stroke risk factors, a ~2-fold increase in small vessel occlusion prevalence and a
~30-60% decrease in large artery atherosclerosis classified stroke was reported in both ISA

and BSA patients, compared to WB patients.

Previous studies have reported that South Asians suffer from an increased prevalence of
small vessel occlusion in South Asia, though this study is the first to report the prevalence of
TOAST classification among BSA with first time ischaemic stroke (142,145). One study
using the observational based Oxfordshire Community Stroke Project criteria suggested an
increase in small vessel occlusion prevalence compared to the white British population (35).
BSA reported a 10.1% greater prevalence of small vessel occlusion compared to WB
patients. It has been suggested previously that the worse metabolic risk profile seen in South
Asian communities could explain the increase in small vessel occlusion prevalence (146). To
explore this, | adjusted the logistic regression model for metabolic and environmental risk
factors for each stroke subtype and found BSA and ISA continued to report a ~2 fold
increased risk of small vessel occlusion. It is likely other non-traditional risk factors, not

accounted for, could be at play.
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Of interest is the significant difference in cardioembolic stroke between both ISA and BSA
with WB reported in this study. Though there is a lack of direct comparative studies between
these groups, studies have reported ISA and WB individually. These have shown
cardioembolism prevalence among ischaemic stroke varies between studies, with two studies
reporting lower prevalence (6.1%-10.0%) in contrast to WB patients (144,147,148). Though
both BSA and ISA report a lower prevalence of cardioembolism, BSA patients do report a
higher prevalence than ISA patients. Atrial fibrillation prevalence follows a similar pattern,
with ISA patients reporting the lowest atrial fibrillation prevalence, followed by BSA, and is
likely the reason for the differences seen in cardioembolic stroke prevalence. As
cardioembolism prevalence is lower in South Asia, new factors which are associated with
migration could be resulting in increased risk, offsetting the benefits of significantly lower
rates of atrial fibrillation, shown in this study. The cause of the overall lower prevalence of
atrial fibrillation seen in South Asians, despite the higher prevalence of atrial fibrillation risk
factors, has yet to be fully explained, however, it is likely to be related to morphologically
smaller left atriums or atrial electrophysiological polymorphisms discussed in my review

(149,150).

In consensus with previous literature, stroke of undetermined aetiology was the most
common TOAST subtype in ISA (144,151). Although it has been theorised this is likely
associated with incomplete assessments from a lack of health insurance, the TOAST criteria
for small vessel occlusion and large artery atherosclerosis potentially plays an
underrepresented role. To be considered for small vessel occlusion the lesion diameter is
required to be <15mm. More so, to be considered for large artery atherosclerosis, patients are

required to have stenosis of >50%. If either of these criteria are not met, then patients with
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mild stenosis or those with small vessel occlusion but increased lesion size will be classified

as undetermined (146).

In consensus with previous literature, stroke of undetermined aetiology was the most
common TOAST subtype in ISA (144,151). Although it has been theorised this is likely
associated with incomplete assessments from a lack of health insurance, the TOAST criteria
for small vessel occlusion and large artery atherosclerosis potentially plays an
underrepresented role. To be considered for small vessel occlusion the lesion diameter is
required to be <15mm. More so, to be considered for large artery atherosclerosis, patients are
required to have stenosis of >50%. If either of these criteria are not met, then patients with
mild stenosis or those with small vessel occlusion but increased lesion size will be classified

as undetermined (146).

There are similarities, but some differences, between the pattern of stroke subtypes seen in
the population described in this study and those which report other UK based ethnic minority
groups. Gulli et al recruited 1200 black and 1200 white stroke patients in South London, UK
and categorised stroke using the TOAST classification system. The authors report both Black
Caribbean and Black African stroke patients have a higher prevalence of small vessel
occlusion (Black: 27.3% vs white British:11.8%) and a lower prevalence of large artery
atherosclerosis (Black: 9.1% vs white British:13.3%) compared to the white British
population. The study concludes, similarly to my study, that reason for the disparity has yet to

be identified.
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5.5 Limitations

Several limitations related to the BRAINS database are discussed in Chapter 4.6. Assessment
for ischaemic stroke subtype using the TOAST classification criteria were made by an onsite
neurologist following clinical and observational tests. The outcome of these assessments were
reported to BRAINS as part of the questionnaire. Though we recorded the determined
subtype, the results from specific clinical and observational diagnostic tests were not
collected. As a result, | was unable to consider different classification systems and thus |
cannot comment on the effect different subtype classification criteria have on the outcome of

stroke subtype.

To be able to diagnose a specific TOAST subtype, a patient requires various tests. These
could differ between sites and countries, thus having further implications on TOAST
classification. BRAINS did not collect information on the number of tests conducted for each
patient which could be used for TOAST classification. Therefore, it is not possible to
comment on whether fewer tests were offered to certain populations or whether there were
differences in the test utilisation rates across different groups. This could have implications
for the generalisability of the findings, as well as for the identification of potential disparities
or inequalities in the access and use of diagnostic tests between countries and ethnic groups.
Future studies should address this gap and to better understand the factors that could
influence the testing rates and outcomes of patients with differing ethnicity, characteristics,

and conditions.

Using TOAST classification and stroke history as part of the selection criteria could result in

a population which is not representative of the dataset. To assess if this resulted in any type of
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bias, | compared the age of event between those with specific missing comorbidity data with
those with complete data. I did this using the selection criteria used in this chapter (TOAST
classification, age of onset, stroke history, ethnicity, and sex) (Appendix 10.10). Similar to
those discussed in chapter 4.6, BSA patients reported significantly later stroke in those with
missing central obesity and hypercholesterolemia data. Additionally, WB patients also
reported significantly later stroke in those with missing ischaemic heart disease data. Though
there could be a bias towards an earlier stroke onset, the difference will be small and could

only affect the regression models which include these comorbidities.

5.6 Summary

Different stroke subtypes affect different populations, with small vessel occlusion being more
prominent in all South Asians whereas the white British population have a higher prevalence
of large artery atherosclerosis. Though both South Asian groups continued to suffer from a
stroke earlier among all ischaemic stroke subtypes, they continued to suffer from small vessel
occlusion after adjusting for traditional risk factors compared to white British patients. This

suggests a potential genetic or novel risk factor is at play.
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6 Metabolic risk factors

6.1 Introduction

In chapter 4, | reported the significantly higher prevalence of individual metabolic risk factors
for stroke, such as diabetes mellitus. In my review of the literature, | also discussed the ethnic
differences in the prevalence of individual metabolic risk factors, however, there has yet to be
a large sample study which focuses on metabolic risk factors collectively in UK South Asians
with first time ischaemic stroke (35). It is an important area to focus on as the presence of
these risk factors all contribute to the increased risk of ischaemic stroke by 2-fold (152-154).
Furthermore, the prevalence of metabolic risk factors as well as total stroke is expected to rise

globally (155,156).

The prevalence of metabolic risk factors varies within different ethnic groups, though South
Asians seem particularly susceptible in the general population (157). To expand our
knowledge of the metabolic characteristics of South Asians with ischaemic stroke, | wanted
to investigate further the cumulative differences in metabolic risk factors, and its influence on

the age of event of stroke between ethnicities. The three aims of this chapter are:

1. Determine which ethnicity possessed a greater prevalence of cumulative metabolic
risk factors.

2. Toinvestigate if the prevalence of cumulative metabolic risk factors, between
ethnicities, change after adjusting for environmental factors.

3. To explore if the cumulative effect of the metabolic risk factors influenced the age of

event of first-time ischaemic stroke.
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6.2 Methods

| continued to utilise the BRAINS dataset following the general methodology | described in
chapter 3. To gauge the cumulative prevalence of the metabolic risk factors of stroke I

created a new variable called metabolic risk factor. This variable is defined by the presence of
one or more of these criteria: central obesity classified by increased waist circumference
(Men: >102cm, Women: >88 cm) or BMI (>30) (101), previous diagnosis of hypertension or
pre-stroke treatment with antihypertensive, diabetes mellitus classified from a previous
diagnosis of type I or Il diabetes mellitus, hypercholesterolemia defined by previous
diagnosis or serum cholesterol >5.2 mmol/L, the pre-diagnosis was reported during the
interview stage if information was missing from their clinical record. This was subsequently
coded to the cumulative presence of these risk factors in an individual patient, ranging from 0

in those with no risk factor present, to 3 or more.

Similarly to chapter 4, | excluded cases who had a previous ischaemic or haemorrhagic stroke
so that | could assess the age of onset of first time ischaemic stroke (Appendix 10.11). Cases
were included if they had complete information on the age of onset, stroke history, ethnicity,
and sex. Furthermore, those with metabolic risk factor data were included (hypertension,
diabetes mellitus, hypercholesterolemia, and central obesity). All analyses in this study

compared BSA and ISA with WB patients.

Descriptive statistics were summarised using mean with standard deviation (SD) for
continuous variables and proportion for categorical variables. One-way ANOVA and chi-

square tests were used to compare between metabolic risk factors, sex and ethnic origins.
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Logistic regression analysis was used to estimate the odds ratio (OR) and 95% confidence
intervals (95% CI’s) describing the association between cumulative metabolic risk factors

and ethnic origins among sex.

6.3 Results

A total of 4017 first time ischaemic stroke patients were included. Of these, 1124 (men: 755,
women: 369) were ISA: 1170 (men: 758, women: 412) BSA, and: 1723 (men: 959, women:

764) WB patients.

Demographic and clinical characteristics including metabolic characteristics are presented in
Table 6-1. To summarise, ISA and BSA men suffered stroke 16.9 years and 6.3 years earlier
than WB men respectively. Conversely, ISA and BSA women suffered stroke 23.2 years and
7.8 years earlier than WB women (Table 6-1). Regardless of sex, BSA patients had an
increased prevalence of hypertension, diabetes mellitus, and hypercholesterolaemia compared

to ISA and WB patients (Table 6-1).
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Table 6-1: Population characteristics, stratified by ethnicity and sex.

Men Women
ISA (n=755) BSA (n=758) WB (n=959) ISA (n=369) BSA (n=412) WB (n=764)
n (%) n (%) n (%) P-value* n (%) n (%) n (%) P-value*

Mean age, years (SD) 52.6(12.8)  63.2(14.7)  69.5(12.9) <0.001  50.8(14.4)  66.2(15.6) 74.0(135)  <0.001
Smoking history 577 (60.7) 380 (50.5) 420 (56.0)  <0.001 334 (44.2) 33(8.1) 70 (19.0) <0.001
Alcohol consumption 431 (53.0) 223 (31.6) 401 (53.5) <0.001 227 (36.9) 31(7.9) 66 (17.9) <0.001
Metabolic characteristics

Hypertension 609 (63.8) 569 (76.0) 517 (70.1) <0.001 528 (69.5) 321 (78.7) 230 (63.7) <0.001
Diabetes 194 (20.4) 377 (50.2) 254 (345)  <0.001  127(16.8) 205 (50.5) 107 (29.7) <0.001
Hypercholesterolemia 334 (35.3) 396 (54.1) 229 (35.1) <0.001 245 (32.5) 197 (49.9) 126 (39.0) <0.001
Central obesity 180 (27.2) 195 (29.1) 202 (30.9) 0.34 188 (35.9) 163 (45.9) 146 (46.1) 0.002

n, sample size; BMI, body mass index; Central obesity classified by increased waist circumference (men: >102cm, women: >88 cm) or BMI

(>30 kg/m2). * One-way ANOVA was used to compare the age of onset with all other prevalence comparisons using chi-square tests to derive P-
value between the 3 groups. Chi-square tests between BSA and ISA with WB (reference) were also calculated and displayed the same results.
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Comparisons of the cumulative prevalence of metabolic components; hypertension, diabetes
mellitus, hypercholesterolemia and central obesity, are reported in Table 6-2. WB patients
reported a greater percentage of those with no metabolic risk factors for both men and
women. In contrast, BSA and ISA had 26.6% and 8.8% respective greater prevalence of 3+
metabolic risk factors, compared to WB patients. Sex specific differences were analysed with
the only difference reported in women with 2 metabolic risk factors present (BSA: 25.5%, vs.
ISA: 22.0%, vs. WB: 29.7%, P=0.017) (Table 6-2). Differences in age of first-time ischaemic
stroke among those with varying cumulative prevalence of metabolic risk factors are seen in

Figure 6-1.
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Table 6-2: Prevalence of cumulative metabolic risk factors related components, stratified by ethnicity and sex.

Men Women

ISA (n=755) BSA (n=758) WB (n=959) ISA (n=369) BSA (n=412) WB (n=764)
No. of present
metabolic risk n (%) n (%) n (%) P-valuef n (%) n (%) n (%) P-valuei
factors *
0 121 (16.0%) 96 (12.7%) 210 (21.9%) <0.001 67 (18.2%) 43 (10.4%) 140 (18.3%) 0.001
1 250 (33.1%) 151 (19.9%) 336 (35.0%) <0.001 120 (32.5%) 85 (20.6%) 287 (37.6%) <0.001
2 224 (29.7%) 210 (27.7%) 275 (28.7%) 0.70 81 (22.0%) 105 (25.5%) 227 (29.7%) 0.017
3+ 160 (21.2%) 301 (39.7%) 138 (14.4%) <0.001 101 (27.4%) 179 (43.4%) 110 (14.4%) <0.001

n, sample size. *Metabolic risk factors included are hypertension, diabetes mellitus, hypercholesterolemia, and central obesity. ¥ P-value for the
comparison between ethnicities is derived from a chi-square test. ISA: South Asians residing in India; BSA: UK residing South Asians; WB:

White British.
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Figure 6-1: Average age of onset (years) in the presence of varying metabolic risk factors,
stratified by ethnicity and sex.
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*Error bars denote standard deviation. ISA: South Asians residing in India; BSA: UK
residing South Asians; WB: White British. P-value derived from one-way ANOVA tests.
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The prevalence of specific clinical characteristics among those with 3 or more metabolic risk
factors are presented in Table 6-3. BSA women had a significantly greater prevalence of
diabetes mellitus (BSA: 87.7%, vs. ISA: 80.0%, vs. WB: 74.5%, P=0.015) whereas no
significant difference was reported among men (BSA: 88.0%, vs. ISA: 90.0%, vs. WB:

82.6%, P=0.14).
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Table 6-3: Population characteristics stratified by location, among those with 3+ metabolic risk factors.

Men Women
ISA (n=160) BSA (n=301) WB (n=138) ISA (n=101) BSA (n=179) WB (n=110)
n (%) n (%) n (%) P-value* n (%) n (%) n (%) P-value*

Smoking history 83 (52.2) 160 (53.5) 80 (58.0) 0.58 15 (15.0) 9 (5.0) 56 (50.9) <0.001
Alcohol consumption 86 (54.1) 93 (33.3) 62 (48.8) <0.001 16 (15.8) 7(4.1) 29 (31.2) <0.001
Metabolic risk factors

Hypertension 158 (98.8) 298 (99.0) 134 (97.1) 0.30 97 (96.0) 174 (97.8) 109 (99.1) 0.34
Diabetes mellitus 144 (82.6) 265 (88.0) 144 (90.0) 0.14 80 (80.0) 157 (87.7) 82 (74.5) 0.015
Hypercholesterolemia 99 (63.1) 264 (89.2) 111 (80.4) <0.001 74 (74.7) 152 (85.9) 90 (81.8) 0.07
Central obesity 103 (67.3) 139 (49.3) 72 (62.1) 0.001 76 (76.8) 108 (65.1) 66 (77.6) 0.043

n, sample size. Sample includes those with 3 or more metabolic risk factors. These metabolic risk factors include hypertension, diabetes mellitus,
hypercholesterolemia, and central obesity. Central obesity is classified by increased waist circumference (men: >102cm, women: >88 cm) or
BMI (>30 kg/m2). ISA: South Asians residing in India; BSA: UK residing South Asians; WB: White British. * P-value derived from chi-square
test comparing all 3 groups. Chi-square tests between BSA and ISA with WB (reference) were also calculated and displayed the same results.
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To assess if the difference in prevalence of cumulative metabolic risk factors between ethnic
groups were related to age and environmental factors, ethnic specific logistic regression
models of metabolic risk factors were conducted. BSA were more likely to have the presence
of 2 (OR=1.58, Cl 95%: 1.24 — 2.01, P<0.001), and 3+ (OR=4.87, Cl 95%: 3.80 — 6.25,
P<0.001) metabolic risk factors when compared to WB patients. ISA were significantly more
likely to have 3+ metabolic risk factors (OR=1.96, ClI 95%: 1.53 — 2.51, P<0.001) compared
to WB patients. Stratified by sex and adjusting for age, smoking history, and alcohol
consumption, this trend continues, both BSA and ISA patients continued to report a
significant increase in the prevalence of cumulative metabolic risk factors (Table 6-4). The
results of the missing value analysis indicate that missing values occur completely at random

(MCAR) (P=0.34).
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Table 6-4: Logistic regression model to assess the risk of cumulative metabolic risk factors in ISA and BSA ischaemic stroke patients compared

with those of WB descent (reference group), stratified by sex.

ISA (reference: WB)

BSA (reference: WB)

No. of present metabolic risk factors* OR (85% C1) P-value OR (35% C1) P-value
Men
1vs.0 2.63 (1.82 —3.80) <0.001 1.44 (1.00 — 2.06) 0.050
2vs. 0 2.88 (1.98 —4.19) <0.001 2.36 (1.66 — 3.37) <0.001
3+vs.0 4.38 (2.85-6.74) <0.001 5.97 (4.13-8.63) <0.001
Women
1vs.0 2.34 (1.34 - 4.07) 0.003 1.43 (0.84 — 2.44) 0.19
2vs.0 1.92 (1.08 — 3.40) 0.026 1.70 (1.01 - 2.86) 0.047
3+vs. 0 4.17 (2.30 — 7.58) <0.001 5.23 (3.03 -9.03) <0.001

Reference group: WB ischaemic stroke patients. OR, Odds Ratio; 95% CI, 95% Confidence interval. Adjusted for age, smoking and alcohol

history. *Metabolic risk factors included are hypertension, diabetes mellitus, hypercholesterolemia, and central obesity. Central obesity is

classified by increased waist circumference (men: >102c¢m, women: >88 cm) or BMI (>30 kg/m2). ISA: South Asians residing in India; BSA:

UK residing South Asians; WB: White British.
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6.4 Discussion

This present study is the largest sample to consider first time ischaemic event in South Asians
with varying metabolic risk factors. In this chapter, it is reported that BSA suffer from a
greater number of cumulative metabolic risk factors at the time of event, while both BSA and
ISA patients continue to suffer from an earlier age of onset of stroke regardless of the number
of metabolic risk factors present. Adjusting for environmental factors, BSA and ISA saw a

~4-6-fold increased risk of having 3+ metabolic risk factors.

In line with previous chapters and the review of the literature, many metabolic risk factors,
including hypertension, diabetes mellitus and hypercholesterolemia had a significantly higher
prevalence in both BSA and ISA patients. Furthermore, both BSA and ISA men and women
saw a ~4-6-fold increased risk of having 3+ metabolic risk factors, after adjusting for
environmental factors and age (158,159). Though I cannot directly compare our results with
those who report Metabolic Syndrome, it is worth noting, we are unaware of any study
focusing on this demographic in relation to ischaemic stroke. Looking at Metabolic
Syndrome in the general population, there is an indication that the South Asian population
suffer from a greater risk of Metabolic Syndrome, and thus metabolic risk factors. The
SABRE study, focusing on the 40-69 years age group between 1988 and 1991, reported a
higher prevalence of Metabolic Syndrome in the BSA population compared with WB, for
both men (BSA: 28.8% vs. WB: 18.4%, P<0.001) and women (BSA: 31.8% vs. WB: 14.4%,
P<0.001) (160). Our results followed a similar pattern of South Asians displaying a higher
overall prevalence in BSA and ISA women. The SABRE study, does, also indicate an earlier

onset of first-time total stroke in the presence of diabetes mellitus. The data in this chapter
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and in previous chapters demonstrate that both BSA and ISA patients had ~7 and ~20 year

earlier stroke compared to WB patients, respectively.

This study also reports significantly higher central obesity in both BSA and ISA patients
compared to WB patients. As discussed in my review of the literature, it has been suggested
this stems from a predisposition of adiposity in South Asians neonates (161). This continues
to adulthood as seen in this chapter. It is worth noting environmental factors play an
important role in the BSA population due to the potential acculturation of the host country’s
diet, away from the traditional South Asian diet, consisting of a high proportion of
carbohydrate rich foods such as rice and bread (89,162). This increase in adiposity has been
linked with increased insulin resistance, promoting diabetes mellitus (122,163). BSA are
known to have a 3-6-time greater prevalence of diabetes mellitus while also developing it 7.8
years earlier compared to the WB population, promoting earlier hypertension (164,165). The
earlier development of these metabolic risk factors is likely part of the earlier stroke onset

seen in South Asians.

In this chapter, | report that, regardless of ethnicity, those who report no metabolic risk
factors present at the time of stroke have an earlier first-time stroke event compared to those
who report 3+. There are probably two contributing factors that exist concurrently. Metabolic
risk factors included in this study are associated with increasing age (166) so it would be
expected that those with a greater number of metabolic risk factors are older. This is
counterintuitive in relation to stroke onset as those who are a greater number of metabolic
risk factors would be expected to have an earlier onset. BRAINS did not collect information

on treatment for these conditions, so I am unable to comment on if those with a greater
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number of cumulative metabolic risk factors were more likely to be receiving treatment, thus
reducing stroke risk and delaying onset (167). The individual metabolic risk factors are
treatable but consideration of the difficulties in diagnosis and treatment compliance are
needed in South Asians. Awareness of hypertension and salt intake among South Asians
found only 5% are concerned about stroke and 2% about obesity. More encouragingly, 33%
and 18% are concerned about diabetes mellitus and hypertension, respectively (168). Insulin
resistance, which disproportionally effects South Asians seen in this study, typically requires
a continuous treatment regime. Awareness is lacking, with many South Asians not being
aware of the common complications associated with diabetes mellitus, the importance of
screening clinics and the need for a chiropodist (135). Furthermore, sociocultural and
religious factors can exasperate this decreased awareness, with the distorted perceptions of
failure at self-care and social stigma (136). This reduced adherence, partnered with the
consensus of metabolic risk factors stemming from insulin resistance, will increase
prevalence. A small UK based trial offered a solution via digital text messages with helpful
tips and suggestions, tailored to South Asians, to promote diabetes mellitus awareness among

diabetics (169). Further studies could focus on this area to gauge if adherence increased.

6.5 Limitations

Limitations relating to the BRAINS database overall are discussed in chapter 4.6. This study
did not report Metabolic Syndrome prevalence as | was unable to follow typically used
criteria such as HDL-cholesterol. BMI is reported to be lower generally in South Asians
overall, it has been suggested that a lower threshold needs to be used due to the increased risk
of obesity and obesity related diseases in this demographic. The NHS has adopted the use of

a BMI of 27.5 kg/m? as the trigger for preventive action (170). While other studies have
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suggested this threshold should be lowered to 25 kg/m? (171). We did adjust our central
obesity criteria to lower this to 25 kg/m? in BSA and ISA only. Though the prevalence of
central obesity in BSA and ISA increased after this criteria adjustment (BSA: 49.2%, vs. ISA:
33.8%, vs. WB: 29.0%, P<0.001), no significant change occurred in the overall result. Lastly,
it cannot be assumed South Asian communities in other countries will suffer from similar
prevalence’s of metabolic risk factors as these factors are often heavily influenced by host

country environmental factors.

For this chapter, I only included those with first-time ischaemic stroke event and metabolic
risk factor data. This resulted in the exclusion of 1203 ischaemic stroke patients who had
missing stroke history data, who had suffered from a recurrent stroke event or who had no
metabolic risk factor data. To assess if this resulted in any type of bias, | compared the age of
event between those with missing and complete data for each comorbidity (Appendix 10.11).
As only 21 patients with first time stroke event had no metabolic risk factors and were
dropped (Appendix 10.12), differences between missing and complete data are similar to
chapter 4.5. The only significant difference of age between those with missing and complete
data was seen in BSA for central obesity and hypercholesterolemia. For both, an earlier age
of onset was reported in those with complete central obesity and hypercholesterolemia data.
Though this was significant the difference was small, ~3-4 years, and only effected two

variables reducing the impact on the linear regressions.
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6.6 Summary

Both ISA and BSA reported an increased risk of having 3 or more metabolic risk factors by
~4-6 fold, compared to their WB counterparts. Though the significantly greater risk remained
after adjusting for environmental factors, it is likely a genetic factor is associated with the

higher prevalence reported in this chapter.
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7 Atrial Fibrillation in South Asian Ischaemic Stroke

7.1 Introduction

Atrial fibrillation (AF) induces a 5-fold greater risk of ischaemic stroke (172) and is
estimated to affect 3.3% of the UK population (173). In my review of the literature, |
discussed that despite the higher burden of most primary atrial fibrillation risk factors in
South Asians (age, untreated hypertension, diabetes mellitus, and coronary heart disease), the
prevalence of atrial fibrillation has been reported to be lower compared to the WB population
(61), though these studies have been small and mostly local (174). In chapters 4 and 6 |
briefly discussed, using data from BRAINS, that WB patients reported a significantly greater
prevalence of atrial fibrillation despite the greater prevalence of cumulative metabolic risk

factors in BSA and ISA.

Anticoagulant medication is the management of choice for atrial fibrillation stroke prevention
and can reduce stroke risk by around 64% when compared with around 22% reduction using
antiplatelet only therapy (175). Thus, current guidelines only recommend the use of
anticoagulants as appropriate treatment for atrial fibrillation related stroke prevention,
although their use in differing ethnic groups has not been well studied (176). Conway and Lip
reported anticoagulation treatment in South Asians and white British subjects who reported a
CHADS; score >2 between 2008-2011 (32). Although not all years reported were statistically
significant, the results did indicate that South Asians with AF were less likely to receive
anticoagulation treatment compared to their White British counterparts. This suggests a
potential disparity in the provision of anticoagulation therapy among different ethnic groups

with AF which needed further investigation.
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In this chapter, | investigated the differences in atrial fibrillation risk and treatment given
between BSA and WB ischaemic stroke patients. ISA were excluded from this chapter as
there was ~10% higher proportion of missing data related to atrial fibrillation compared to
WB and BSA populations (Table 3-4). In addition, ~25-75% of medication treatment data
relating to ISA patients with atrial fibrillation were missing, thus full comparisons with the
UK arm of BRAINS would not be reliable. Lastly, by comparing treatment data | would also
be comparing treatment guidelines between India and the UK. Focusing on the UK arm only
highlights the ethnic differences in treatment given without additional confounders, such as

differing treatment guidelines and criteria. My aims of this chapter are:

1. Determine if atrial fibrillation remained significantly higher in WB patients after
adjusting for risk factors.

2. To establish if there is a disparity in the treatment given in atrial fibrillation patients at
admission between BSA and WB.

3. Toinvestigate if WB patients are more likely to be discharged on the correct

treatment for atrial fibrillation than BSA patients.
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7.2 Methods

As atrial fibrillation has a relatively low prevalence in the general population, BSA and WB
patients with first time and recurrent ischaemic stroke were included. I only included cases if
they had complete information on the age of onset, atrial fibrillation status, ethnicity, and sex.
Demographic details and categorical data between BSA and WB were compared using an
independent t-test. The prevalence of individual risk factors between ethnic groups and atrial
fibrillation status were compared by chi-square tests. A logistic regression was performed to
identify an association between atrial fibrillation status and ethnic groups, adjusted for
potential confounders. Variables considered to have an association with atrial fibrillation
were selected with respect to literature and biological plausibility (sex, central obesity,
smoking history, alcohol history, hypertension, diabetes mellitus, hypercholesterolemia, and
ischaemic heart disease). Treatment details were compared using chi-square test and graphed
using Microsoft Excel. Cardiovascular disease status was defined using previous/new
diagnoses of ischaemic heart disease (ischaemic heart disease/angina, previous myocardial

infarction), atrial fibrillation, previous ischaemic stroke, and transient ischaemic attack (TIA).

As the sample now included those with complete atrial fibrillation data only, | wanted to
assess if the effect of missing data would affect the age of event. To do this | compared the
age of ischaemic stroke event for each variable used, between those with missing and
complete comorbidity data. This data is presented in Appendix 10.13 and is stratified for each

ethnic group.
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7.3 Results

Of the 3515 individuals identified with ischaemic stroke and complete atrial fibrillation data
(Figure 7-1), 1482 (men:972, women:510) were BSA and 2033 (men:1141, women:892)
were WB. Of these, 190 (men:123, women:70) BSA and 462 (men:252, women:210) WB
stroke patients had confirmed atrial fibrillation (BSA:13.0% vs WB:22.7%, P<0.001). The
results of the missing value analysis indicate that missing values occur completely at random

(MCAR) (P=0.72).
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Figure 7-1: Flow diagram of the selection process for chapter 7.

5220 ischaemic stroke patients in
BRAINS.

1279 I1SA patients excluded.

3941 BSA and WB ischaemic stroke
patients.

426 patients with missing AF data.

3515 ischaemic stroke patients with
AF data.

AF denotes Atrial Fibrillation. BSA: UK residing South Asians; ISA: South Asians residing
in India; WB: White British. BRAINS (Bio-Repository of DNA in Stroke)
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Demographic and clinical characteristics of atrial fibrillation status are presented in Table 7-
1. The age of ischaemic stroke onset was significantly earlier in non-AF cases (67.4 years,
SD = 14.4) compared to AF cases (75.9 years, SD = 11.4) (mean difference = 8.5 years,
P<0.001). Comparing ethnic differences for each atrial fibrillation status, average age of
stroke was significantly lower in non-AF cases compared to new-AF cases for both BSA
(non-AF:64.1 years, SD = 14.8 vs new-AF: 73.9 years, SD=12.5, P<0.001) and WB stroke
patients (non-AF:7 0.2 years, SD=13.5 vs new-AF:77.5 years, SD = 9.8, P<0.001). Those
with pre-existing atrial fibrillation have an older average age of onset compared to those
without atrial fibrillation for both BSA (non-AF: 64.1 years, SD=14.8 vs pre-existing-AF:
72.7 years, SD=12.3, P<0.001) and WB stroke patients (non-AF:70.2 years, SD=13.5 vs pre-
existing-AF:77.1 years, SD=11.0, P<0.001). No significant difference in the age of event is
reported between new AF and pre-existing AF (BSA: P=0.60, WB: P =0.71). Among
traditional atrial fibrillation risk factors, hypertension, and ischaemic heart disease were

significantly higher in patients with atrial fibrillation.
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Table 7-1: Ischaemic stroke population characteristics stratified by Atrial Fibrillation (AF) status.

AF (n=655) Non-AF (n=2860)

Mean (SD) Mean (SD) P-Value*
BSA, n (%) 193 (29.5) 1289 (45.1) <0.001
Age, years (SD) 75.9 (11.4) 67.4 (14.4) <0.001
Men, n (%) 375 (57.3) 1738 (60.8) 0.10
Environmental Factors n, (%) n, (%) P-Value*
Central obesity, n (%) 151 (31.9) 720 (32.2) 0.89
Smoking history, n (%0) 296 (45.5) 1338 (47.1) 0.47
Alcohol history, n (%0) 204 (35.9) 863 (34.2) 0.47
Comorbidities n, (%) n, (%) P-Value*
Hypertension 535 (82.3) 2019 (70.9) <0.001
Diabetes mellitus 199 (30.7) 997 (34.9) 0.038
Hypercholesterolemia 278 (43.8) 1236 (43.8) 0.99
Ischaemic heart disease 220 (36.2) 622 (23.3) <0.001

n, sample size. * Independent t-test was used to compare the age of onset with all other comparisons of prevalence using chi-square test. Central

obesity is classified by waist circumference (men: >102cm, women: >88 cm) or BMI (>30 kg/m?). BSA: UK residing South Asians.
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To estimate the possible confounding factors of the relationship of ethnic group and atrial
fibrillation status by demographic and clinical characteristics, comparisons between BSA and
WB among those with atrial fibrillation are presented in Table 7-2. BSA average age of
ischaemic stroke was significantly earlier (72.9 years, SD=12.3) compared to WB patients
(77.2 years, SD=10.7) (mean difference =4.4 years, P<0.001). BSA patients were on average
3.9cm shorter and had a greater prevalence of traditional atrial fibrillation risk factors

compared to WB despite having a lower incidence of atrial fibrillation (Table 7-2).
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Table 7-2: Population characteristics with confirmed atrial fibrillation status stratified by

ethnicity.
BSA (n=193) WB (n=462)

Mean (SD) Mean (SD) P-Value*
Age, years 72.9 (12.3) 77.2 (10.7) <0.001
Men, n (%) 123 (63.7) 252 (54.5) 0.030
Environmental Factors n, (%) n, (%) P-Value*
Height, cm 165.7 (9.9) 169.6 (9.7) 0.043
Central obesity, n (%) 49 (31.4) 102 (32.1) 0.88
New diagnosis, n (%) 32 (16.6) 99 (21.4) 0.16
Smoking history, n (%) 56 (29.2) 240 (52.4) <0.001
Alcohol history, n (%) 41 (22.5) 163 (42.1) <0.001
Comorbidities n, (%) n, (%) P-Value*
Hypertension 174 (91.6) 361 (78.5) <0.001
Diabetes mellitus 103 (53.9) 96 (21.0) <0.001
Hypercholesterolemia 111 (61.0) 167 (36.9) <0.001
Ischaemic heart disease 101 (54.0) 119 (28.3) <0.001
Treatment at admission n, (%) n, (%) P-Value*
Anticoagulation 55 (28.5) 130 (28.1) 0.93
Antiplatelet 91 (47.4) 125 (29.9) <0.001
Combined 15 (7.8) 10 (2.4) 0.002
Treatment at discharge n, (%) n, (%) P-Value*
Anticoagulation 87 (45.1) 199 (43.1) 0.64
Antiplatelet 94 (49.5) 143 (34.7) 0.001
Combined 34 (17.9) 33 (8.0) <0.001

n, sample size. *Independent t-test was used to compare the age of onset, with all other
comparisons using chi-square tests comparing all 3 ethnic groups. Chi-square tests between
BSA and ISA with WB (reference) were also calculated and displayed the same results.
Central obesity is classified by waist circumference (men: >102cm, women: >88 cm) or BMI
(>30 kg/m?). BSA: UK residing South Asians; WB: White British.
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To evaluate the association of atrial fibrillation status with the ethnic group among ischaemic
stroke cases, a logistic regression was performed. Unadjusted analyses showed BSA had a
49% lower risk of having atrial fibrillation (OR=0.51, 95%CIl: 0.43:0.61, P<0.001). I ran a
stepwise logistic regression which included age, ischemic heart disease, hypertension, and
smoking history as significant variables. Adjusted for these factors, the lower risk of AF in
South Asian patients was maintained (OR:0.40, 95%CI:0.33:0.49, P<0.001). The associations
of the age of stroke event and other predictors with atrial fibrillation are reported in Table 7-

3.

Table 7-3: Associations of the age of stroke event and other predictors with atrial fibrillation.

Model (Age + sex) Age Interaction

OR (95% CI) P-value OR (95% CI) P-value
Hypertension 1.05 (1.04 — 1.06) <0.001 1.06 (1.05-1.07) <0.001
Diabetes mellitus 1.05 (1.04 — 1.06) <0.001 1.05 (1.04 - 1.06) <0.001
Hypercholesterolemia 1.05 (1.04 — 1.06) <0.001 1.05 (1.04 — 1.06) <0.001
Ischaemic heart disease  1.05 (1.04 — 1.06) <0.001 1.05 (1.04 — 1.06) <0.001
Central Obesity 1.05 (1.04 — 1.06) <0.001 1.06 (1.05-1.07) <0.001
Smoking 1.05 (1.04 — 1.06) <0.001 1.04 (1.03 - 1.05) <0.001
Alcohol use 1.05 (1.04 — 1.06) <0.001 1.06 (1.05-1.07) <0.001

Every model is adjusted by age and sex. Interaction model adjusted for age, sex, specific risk
factor and an interaction variable. Central obesity is classified by waist circumference (men:
>102cm, women: >88 cm) or BMI (>30 kg/m2).
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7.3.1 Treatment

Differences in antiplatelet and anticoagulant treatment among atrial fibrillation patients are
presented in Table 7-2. BSA patients with atrial fibrillation had significantly higher
antiplatelet treatment on admission (BSA: 47.4% vs WB: 29.9%, P<0.001) and discharge
(BSA: 49.5% vs. WB: 34.7%, P=0.001). No significant difference was seen between
anticoagulation treatment at admission (BSA: 28.5% vs. WB: 28.1%, P=0.93) or discharge
(BSA: 45.1% vs. WB: 43.1%, P=0.64). A combination of treatments for admission and

discharge is presented in Figure 7-2 and Figure 7-3.
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Figure 7-2: Distribution of anticoagulation and antiplatelet status in confirmed atrial
fibrillation cases, stratified by ethnicity, at admission.

BSA (n=192)

P=0.023 P=0.003 P=0.040 P=0.002

Ethnicity

WB (n=418)

0% 20% 40% 60% 80% 100%
Percentage prevalence

m No Treatment ™ Antiplatelet only = Anticoagulation only # Both treatments
Antiplatelet only and anticoagulation only treatment included those that were receiving only
one of those treatments. Both treatments included those receiving both antiplatelet and

anticoagulant treatments. Chi-square tests were used to compare between ethnicities. BSA:
UK residing South Asians; WB: White British.
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Figure 7-3: Distribution of anticoagulation and antiplatelet status in confirmed atrial
fibrillation cases, stratified by ethnicity, at discharge.

.

.

BSA (n=190) /)//9%%

P=0.63 P=0.22 P=0.002 P<0.001

Ethnicity

WB (n=412)

0% 20% 40% 60% 80% 100%
Percentage prevalence

m No Treatment ™ Antiplatelet only = Anticoagulation only =% Both treatments
Antiplatelet only and anticoagulation only treatment included those that were receiving only
one of those treatments. Both treatments included those receiving both antiplatelet and

anticoagulant treatments. Chi-square tests were used to compare between ethnicities. BSA:
UK residing South Asians; WB: White British.
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Changes in anticoagulation status from admission to discharge are presented in Figure 7-4.
The increased prevalence of antiplatelet therapy in BSA was hypothesised to be due to an
increased risk of cardiovascular disease. To test this, | compared antiplatelet prevalence
between BSA and WB stroke patients (Table 7-4). Of those with cardiovascular disease,
53.8% were BSA and 49.2% were WB patients (P=0.007). In those with cardiovascular
disease, BSA patients continued to show an increased prevalence of antiplatelet treatment at
admission (BSA: 69.1% vs. WB: 45.5%, P<0.001) and discharge (BSA: 77.1% vs. WB:
60.7%, P<0.001). This difference was also present in those with atrial fibrillation at
admission (BSA: 47.4% vs. WB: 29.9%, P<0.001) and discharge (BSA: 49.5% vs. WB:
34.7%, P=0.001). In those without cardiovascular disease, BSA patients continued to display

a greater prevalence of antiplatelet therapy in the total ischaemic population only (Table 7-4).
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Figure 7-4: Changes in anticoagulation treatment from admission to discharge in confirmed
atrial fibrillation cases, stratified by ethnicity.

m Given at discharge = Not given at discharge
100.0%

90.0%

80.0% 40.4%

54.6%
70.0%

60.0%

50.0%

Percentage (%)

40.0%

30.0%

59.6%

45.4%

20.0%

30.4%
10.0%

P=0.043

P=0.008
0.0%
BSA (n=100)  WB (n=293) BSA (n=89) WB (n=119)

No Anticoagulation on Admission Anticoagulation on Admission

Chi-square tests were used to compare between ethnicities. Anticoagulation treatment only.
BSA: UK residing South Asians; WB: White British.
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Table 7-4: Antiplatelet treatment at admission and discharge stratified by ethnicity and
cardiovascular disease.

Antiplatelet
Treatment n, (%) n, (%) P-value*
Total ischaemic BSA (n=794) WB (n=932)
population
) Admission 549 (69.1) 424 (45.5) <0.001
Cardiovascular )
_ Discharge 604 (77.1) 559 (60.7) <0.001
Disease i
AF patients only BSA (n=190) WB (n=412)
Admission 91 (47.4) 125 (29.9) <0.001
Discharge 94 (49.5) 143 (34.7) 0.001
_ Total ischaemic
Without ) BSA (n=682) WB (n=865)
) population
Cardiovascular _
_ Admission 176 (25.8) 149 (17.2) <0.001
Disease .
Discharge 589 (87.3) 720 (83.3) 0.032

*P-value calculated from chi-square tests used to compare between ethnicities.
Cardiovascular Disease (CVD) definition includes ischaemic heart disease (IHD, Angina,

Previous MI), atrial fibrillation, previous ischaemic stroke, and TIA. n, sample size. BSA:
UK residing South Asians; WB: White British.
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7.4 Discussion

In this chapter, I show that BSA ischaemic stroke patients had a significantly lower
prevalence of atrial fibrillation compared to their WB counterparts (13.0% vs. 22.7%,
P<0.001). BSA with atrial fibrillation presented with an ~4 year earlier stroke event
compared to their WB counterparts and were more likely to receive antiplatelet therapy at
both admission and discharge despite having similar cardiovascular profiles, but no

significant difference was seen overall in anticoagulation rates.

The significantly lower atrial fibrillation prevalence in BSA, despite the higher prevalence of
atrial fibrillation risk factors shown here, is consistent with findings from previous smaller
studies (22,35). Though these phenomena have been recorded in South Asians, there are
several potential underlying mechanisms such as differing atrial electrophysiological
parameters or a morphologically smaller left atrium (149,150). In this study, we did not
collect data on atrial morphology though we report BSA patients being significantly smaller
than WB patients with atrial fibrillation. Another possible reason for the difference existing
could be related to age. As discussed in this chapter and chapter 4, South Asians have an
earlier onset of ischaemic stroke. Atrial fibrillation incidence increases with age (177). With
stroke onset being earlier in South Asians, it would then be expected that the prevalence of
atrial fibrillation would be lower, similar to that reported in this chapter. To explore this, |
conducted a logistic regression with the dependent variable being atrial fibrillation status and
the dependent being ethnicity. Adjusting for age, sex, comorbidities, and environmental
factors, BSA still suffered from an increased likelihood of atrial fibrillation than WB patients
(OR=0.40, 95%CI1:0.33-0.49, P<0.001). This suggests that BSA still increased the likelihood

of atrial fibrillation compared to WB patients, despite the earlier age of onset. Though height
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in our study was not independently associated with atrial fibrillation risk, this could be due to
a strong association between ethnicity and height. Currently, no confirmed South Asian-
specific genetic polymorphism has been reported which could result in the protective effect

seen (62).

Treatment with anticoagulant therapy at discharge remained relatively low, 45.1% in BSA
and 43.1% in WB. A previous study found 12.8% of ischaemic stroke cases who were not
being treated with anticoagulation treatment at admission were ineligible for treatment at
discharge (178). I also show rates of those untreated with atrial fibrillation before admission
were relatively high in both ethnicities. This rate of treatment for WB cases is similar to those
reported in previous studies, however, no such data has been reported for BSA cases (178).
One possible reason for relatively low treatment could be a result of poor awareness of the
condition and the importance of treatment. A small UK study (n=93) reported that only 49%
of patients with atrial fibrillation could name the condition and 52% knew that anticoagulants
prevent blood clots from forming (179). This study also looked at the combination treatments

received in those with atrial fibrillation.

Antiplatelet-only treatment was the most common treatment at admission for both ethnicities,
though was greater in South Asians. A similar study has also reported a higher percentage of
South Asians being treated with antiplatelet therapies for ischemic stroke, though this was not
exclusive to AF cases(22). The analysis in this study extended to assess the treatments
prescribed for those with atrial fibrillation. Combined treatment of antiplatelet and
anticoagulant treatment was significantly higher both at admission and discharge in South

Asians. Over the course of the lifetime of BRAINS, there was a transition from the use of
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Warfarin to NOACs. This preferred medication allowed more intervention eligibility for
atrial fibrillation patients because of reduced bleeding risk associated with NOACSs, and this
benefit is disproportionately greater in South Asians (180,181). However, even with that
individual reduced bleeding risk, combined treatment with antiplatelets can increase the risk
of major bleeding, including intracranial haemorrhage (182,183). It is possible that the
increased use of lone antiplatelets and/or combined with NOAC (also seen in a previous
study (22)) is likely due to the increased prevalence of cardiovascular disease in South
Asians. However, South Asians with cardiovascular disease were still more likely to receive
antiplatelet treatment, regardless of atrial fibrillation status. Furthermore, in those without
cardiovascular disease, South Asians continued to have a higher prevalence of antiplatelet
therapy. We are not able to address individual management of cardiovascular disease, but a
view may still exist that aspirin is beneficial for primary prevention providing a possible

explanation for its use in those without cardiovascular disease.
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7.5 Limitations

Limitations related to BRAINS are discussed in chapter 4.6. BRAINS is an ongoing long-term
study and during its lifetime treatment for atrial fibrillation has advanced from VKA (Warfarin)
to non-VKA (NOAC). With this change, cases with atrial fibrillation who might not have been
eligible for vitamin-K antagonists due to increased bleed risk could now be prescribed non-
vitamin-K antagonists. This transition could result in a non-differential bias but as this study
compares differences between two ethnic groups, this should not affect the overall result.
Additionally, the transition from CHADS; to CHA:DS.-VASc to calculate stroke risk could
mean people who were assessed under the previous category may not have received
anticoagulation (184). While this transition could have resulted in a non-differential bias, |
compared ethnic differences in the percentage of those prescribed with anticoagulants before
and after June 2014, the date CHA2DS>-VASc guidelines were introduced into the NICE
protocol (185). Regardless of the date, anticoagulation treatment prior to admission was not
significantly different between ethnicity (CHADS>: P=0.094, CHA.DS»-VASc: P=0.206), and
thus any effect of this transition between these protocols would be minimal. This study is not
able to report adherence to anticoagulation in BSA who may have poorer anticoagulation
control due to socioeconomic factors(186) which could, in part, explain their 4-year lower
stroke event age seen in this study. Furthermore, NICE recommends that patients do not receive
anticoagulant treatment two weeks post stroke event (187). Thus, patients may be re-prescribed
anticoagulants either in the hospital (if not discharged for 2 weeks) or post discharge. As
BRAINS is a hospital study, we did not collect information on patients’ post discharge, we are
unable to comment on whether patients received anticoagulation after the two-week period,

potentially thus under reporting anticoagulant treatment prevalence.
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Throughout the data collection process, new antiplatelet treatments have been offered. Of these,
Ticlopidine is not commonly prescribed to UK patients. Prasugrel and Ticagrelor were
recommended for preventing atherothrombotic events by NICE in July 2014 mostly in cardiac
disease and are not commonly used in ischaemic stroke. Potential confounders may have varied
over time, including awareness of stroke risk factors. Additionally, as BRAINS is a hospital-

based study, we are unable to comment on community incidence of atrial fibrillation.

Using atrial fibrillation history and all ischaemic stroke event as part of the selection criteria
could result in different population characteristics (Appendix 10.13). | compared the age of
event of stroke in those with missing and complete data for each variable using the selection
criteria described in chapter 7.3. Only BSA with complete hypocholesterolaemia data
reported a significantly younger stroke (P=0.01). Though this difference suggests that those
with complete hypercholesterolemia data included in this chapter are younger, it will not
affect results such as overall atrial fibrillation risk or the treatment received as it is not

included in these analyses.

7.6 Summary

BSA patients have a lower risk of atrial fibrillation compared to their WB counterparts.
Though no significant difference was seen in the use of anticoagulation at admission or
discharge, the use of antiplatelet medication alone in atrial fibrillation subjects was greater in

BSA patients.
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8 Conclusion

In this thesis, | addressed the paucity of ischaemic stroke epidemiological data in UK residing
South Asians, and where feasible, South Asians in India. Though | have reported clinical data
throughout, this must be the first step of future research in determining the difference in

stroke overall between South Asians and Western populations such as the white British

group.

A current shortfall with much of the epidemiological data regarding ischaemic stroke is the
relatively low proportion of studies being conducted in ethnic minority groups in comparison
to white populations in the West. This has largely resulted in our understanding of ischaemic
stroke, and its risk factors, being based on Western populations and Western environmental
factors. Preventative measures and post-event treatments thus rely on information that
potentially does not apply to every ethnic group in any country. The findings available
suggested South Asians in the UK suffered from a significantly earlier onset of ischaemic
stroke, though this study’s data was collected at least 17 years ago and contained a relatively
small sample population (36). Furthermore, though it had been expected that traditional
stroke risk factors such as diabetes mellitus and hypertension had a higher prevalence among
UK residing South Asians, data either originated from studies with small sample sizes or
were not current. This led to the open-ended questions, do South Asians continue to suffer
from earlier onset, and if so, could traditional stroke risk factors explain the differences seen.
To answer this question, | utilised the BRAINS database, where | was one of the first to

conduct quality control which is outlined in chapter 3.
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Given the lack of basic epidemiological data available among South Asians, especially those
in the UK, in chapter 4 | tried to provide a current picture of ischaemic stroke among this
group. Using the dataset to include those with first time stroke event only, | found that UK
and India residing South Asians suffered from stroke ~14 and ~19 years, respectively, earlier
than their white British counterparts. The prevalence of traditional risk factors such as
hypertension and diabetes mellitus were significantly increased in UK residing South Asians,
and these risk factors alone did not explain the earlier age of onset seen within both South
Asian groups. Ethnicity explained ~25% of the variance of the age of onset, with traditional
risk factors of hypertension, atrial fibrillation, ischaemic heart disease, alcohol consumption,
central obesity, and sex accounting for only about 8% of the variance. This suggests a
potential genetic component or environmental factor correlated with ethnicity, not assessed in

this study, could be causing the earlier onset of stroke.

With this significant disparity between locations and ethnicity, | wanted to explore further to
identify if the difference in the age of stroke onset affects different ischaemic stroke subtypes
equally. 1 used the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria to
identify the subtype as it relies on both observational and clinical data to attempt to identify a
cause for the stroke event (100). Before my analysis, there had yet to be a study which had
reported TOAST subtype in UK residing South Asians. Additionally, differing results have
been reported in South Asia using the TOAST criteria (143,144). | found that small vessel
occlusion was more prominent in all South Asians whereas the white British population have
a higher prevalence of large artery atherosclerosis. After adjusting for traditional stroke risk
factors, a ~2-fold increase in small vessel occlusion prevalence and a ~30-60% decrease in
large artery atherosclerosis classified stroke was reported in both South Asian groups,
compared to white British patients.
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Small vessel occlusion is often linked to metabolic risk factors. Though small vessel
occlusion remained more likely in South Asians regardless of location after adjusting for
metabolic risk factors, little was known about the cumulative effect of these factors in South
Asians with ischaemic stroke. Therefore, in chapter 6 | set out to answer this by determining
if South Asians were more likely to have multiple risk factors present at the time of stroke, as
well as investigating the effect of cumulative metabolic risk factors had on the age of event. |
showed that both South Asian groups have an increased risk of having 3 or more metabolic
risk factors by ~4-6 fold, compared to white British patients. Additionally, India residing
South Asians, followed by UK residing South Asians, continued to have earlier stroke onset
regardless of the number of metabolic risk factors present, which again hinted that either a

novel risk factor was affecting the age of stroke event or an unknown genetic component.

In chapter 4, the prevalence of atrial fibrillation was the only traditional risk factor to be
found significantly lower in both South Asian groups compared to the white British stroke
patients. Atrial fibrillation is a common cause of cardioembolic stroke, though the treatment
of this condition has yet to be studied. For this reason, I only focused on the UK arm of the
BRAINS database as treatment regimes are likely to follow a different protocol in India. |
showed that atrial fibrillation continued to be ~50% less likely in UK residing South Asians,
compared to white British patients, after adjusting for traditional risk factors. | also showed
there was no difference in the number of patients with atrial fibrillation being prescribed
anticoagulants at admission or discharge, though the use of antiplatelet medication alone in

atrial fibrillation subjects was greater in South Asians in both such settings.
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In this thesis, | have discussed how South Asians with ischaemic stroke both in the UK and in
India suffer from significantly earlier first-time stroke onset when compared to white British
patients. It is often suggested that the reason for this earlier onset is linked to the greater
prevalence of ischaemic stroke risk factors seen in South Asians as a whole. Throughout my
thesis, | employed the BRAINS database to explore the traditional risk factors for stroke
while also exploring ischaemic stroke subtype. | reported that though there are stark
differences in ischaemic stroke risk factor prevalence and subtype, these differences alone do
not fully explain the differences in age of the first-time event. My research, in parts, is novel
and while | believe it updates the current understanding of ischaemic stroke in South Asians
both in the UK and India, | hope it spurs further longitudinal prospective analysis of stroke in
this population. This would allow the reporting of incidence rates of stroke in this under-

represented population which I was unable to do in this thesis.
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10 Appendix

10.1- Ethical Approval confirmation.

Riverside Research Ethics Committee
Room 3E03A

3" Floor

Charing Cross Hospital

Fulham Palace Road

London W6 8RF

Tel: 020 8846 7282

Fax: 020 8846 7283
Email: katherine.bolton@chelwest.nhs.uk

02 August 2004

Dr P Sharma

Department of Neurology

Hammersmith Hospital Acute Stroke Unit
Charing Cross Hospital

Fulham Palace Road

London W6 8RF

Dear Dr Sharma
Full title of study: The British Repository of DNA in Stroke (BRAINS)
REC reference number: 04/Q0401/40

Protocol number: n/a

Thank you for your letter of 12 July 2004, responding to the Committee’s request for further
information on the above research and submitting revised documentation.

The further information has been considered on behalf of the Committee by the Chairman
and Mr P Thomas (lay member).

Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion for the
above research on the basis described in the application form, protocol and supporting
documentation as revised.

Site: Charing Cross Hospital
Principal Investigator: Dr P Sharma

Conditions of approval

The favourable opinion is given provided that you comply with the conditions set out in the
attached document. You are advised to study the conditions carefully.

Approved documents
The final list of documents reviewed and approved by the Committee is as follows:

Correspondence from Dr Sharma (12/07/04)
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Patient Consent Form (Version 2, 12/07/04)
Unaffected Sibling Consent Form (Version 2, 12/07/04)
Spouse Consent Form (Version 2, 12/07/04)

Relative Consent Form (Version 2, 12/07/04)

Parent Consent Form (Version 2, 12/07/04)

GP Information Sheet (Version 2, 12/07/04)

Follow-up Letter (Version 2, 12/07/04)

Application Form (Version 1, 12/05/04)

Management approval

The study may not commence until final management approval has been confirmed by the
organisation hosting the research.

All researchers and research collaborators who will be participating in the research must
obtain management approval from the relevant host organisation before commencing any
research procedures. Where a substantive contract is not held with the host organisation, it
may be necessary for an honorary contract to be issued before approval for the research can
be given.

Notification of other bodies

We shall notify the host organisation that the study has a favourable ethical opinion.
Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for

Research Ethics Committees (July 2001) and complies fully with the Standard Operating
Procedures for Research Ethics Committees in the UK.

| REC reference number: 04/Q0401/40 Please quote this number on all correspondence \

Yours sincerely

Dr C Mackworth-Young
Chairman

Enclosures  Standard approval conditions
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10.2- Percentage of the UK South Asian population per region,

Location Percentage of South Asians in the region (%)
London 12.1
Northeast England 8.9
West Midlands 8.9
Yorkshire and The Humber 6.0
Northwest England 4.9
Southeast England 3.2
East England 3.2
East Midlands 2.9
Wales 1.3
Southwest England 1.0

Data derived from England and Wales Census 2011 (14).

156



Taylor Aurelius

10.3— Example patient consent form.

I C R2 U L Imperial College Healthcare INHS|

TS Trust

PATIENT CONSENT FORM
Study title: To establish DNA repository of all haemorrhagic and ischaemic stroke patients of
any age.
Acronym: Brains- British Repository of DNA in Stroke.
REC Ref: 04/Q0401/40
Please review the study information sheet carefully. You are free to withdraw from the study at

any point without giving a reason. Your present or future care will not be affected should you
decide not to participate or to withdraw from the study at any point.

Initial
boxes to
agree
1. Ihave read and understood the Participant Information Sheet; version 3 dated 21°
January 2016 for the above study. | have had the opportunity to consider the information,
ask questions about the project and have had these answered satisfactorily.
2. lunderstand why the research is being done and any foreseeable risks involved. |:

3. lunderstand that my participation is voluntary and that | am free to withdraw at any time without
giving any reason, without my medical care or legal rights being affected.

4_ lunderstand that relevant sections of my medical notes and data collected during the study may be
looked at confidentially by members of the medical research team or Imperial College London as
sponsor or regulatory authorities who would not normally be involved with my clinical care. | give
permission for these individuals to have access to my records.

5. |agree to my GP being informed of my participation in this study. I:’

6. lagree to participate in the above study. |:|

7. |l agree that the DNA and blood samples that | have given can be looked after and stored for use in
current and future projects, as described in the information sheet. These samples can be used if | I:l
lose the capacity to understand or communicate about the project.

8. |am happy to be contacted by telephone or letter by the study team to provide more information
about this study, receive an update on study progress or about future research projects.

Thank you for your participation in this study.

Name of Participant (PRINT) " Date Signature (Participant)
This form was completed by the patient; | can confirm that the patient fully agrees to the study.
JY [ S
Name of Researcher (PRINT) Date Signature

Assigned study reference (completed by local study team).

Page1of2
BRAINS_ PATIENT CONSENT FORM_V5_21/01/2016
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10.4 — Example relative consent form.

158

I C R2 U L | Imperial College Healthcare INHS |

NH? Trust

RELATIVE CONSENT FORM

Acronym: Brains- British Repository of DNA in Stroke.
REC Ref: 04/Q0401/40

I hereby consent on behalf of [Patient name] to take part in the above
study, the nature and purpose of which have been explained. Any questions patient wished
to ask have been answered to his/her satisfaction. | have also read and understood the
Participant Information Sheet; version 3 dated 21= January 2016 for the above study.

I understand why the research is being done and any foreseeable risks involved.

| understands that his/ her participation is voluntary and that he/ she is free to withdraw at any time
without necessarily giving a reason, and that this will in no way affect the care s/he receives as a
patient.

I understand that relevant sections of his/ her medical notes and data collected during the study
may be looked at confidentially by members of the medical research team or Imperial College
London as sponsor or regulatory authorities who would not normally be involved with his/ her
clinical care. | give permission for these individuals to have access to his/ her records.

| agree to inform his/ her GP of his/ her participation in this study.

| agree that the DMA and blood samples that he/ she has given can be looked after and stored for
use in current and future projects, as described in the information sheet. These samples can be
used if he/ she lose the capacity to understand or communicate about the project.

I am happy to be contacted by telephone or letter by the study team to provide more information

about this study, receive an update on study progress or about future research projects.

Thank you for your participation in this study.

Name of Relative (PRINT) " Date Signature (Relative)

If this form was completed by a proxy (or scribe), representing the patients’ verbal wishes, | can YES | NO

confirm that the person fully agrees to the study.

_
Name of Researcher (PRINT) Date Signature

Assigned study reference (completed by local study team):

1 copy for participant; original for researcher; 1 copy to be kept with hospital notes

BRAINS_RELATIVE CONSENT FORM (controls) V6_21/01/2016

Study title: To establish DNA repository of all haemorrhagic and ischaemic stroke patients of
any age.

Please review the study information sheet carefully. You are free to withdraw from the study at
any point without giving a reason. Your present or future care will not be affected should you
decide not to participate or to withdraw from the study at any point.

Initial
boxes to
agree

Page 1of1
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10.5 — Example BRAINS questionnaire for the UK data

collection.
[CCRU Imperial College Healthcare (175
IiH3 Trus
BRAINS- British Repository of DNA in Stroke
| Patient’s ID number | | | | | |
Details of Recruitment
Trial SITE: Date recruited
_
NHS # dd mmyy v y)
Hospital #
Name of DoB: + [/
Patient: dd mmyy y ¥
Address:
(patient’s
label )

Contact Landline
details for | Cell phone
follow-up call: | Friend/ relative

Place of birth (town/ country): !

Blood sample | Blood taken Yes |/ No | Blood sample number—patient
identification number (local centre)

dd mwmyyvyvw | | -

Date of Stroke | : ! !
fevent dd/mm/iyy vy ¥
Diagnosis: Ischaemic Stroke Yes | |/ No || TACI/|, PACI||, LACI| |, POCI

(ome of those | paemorhagic Stroke Yes [|/No |

must apply) Venous Sinus Thrombosis Yes [ |/ No [ if ves, see additional questions (g6-q10)*
TIA Yes [ |/ No
AVM Yes [1/ No
Aneurysm Yes [ |/ No
Subarachnoid Yes [ |/ No
QNO Question Response
1 Was stroke associated with 1. [ Dissection
2. PFO
3. MI
4 None
2. Gender 0. | female
1. male
3. Ethnicity
4. Native Language
5. Religion

After completing the sections above please detached this first page from the form and fax it on the day
of enrolment to the BRAINS coordinator to
020 8546 7284 to confirm the recruitment
Interviewer name: date of form filled

BRAINS REC 04/Q0401/40_ Data Collection Form_WV10_23 72012
Pagelof 6

159



Taylor Aurelius

160

[CCRU imperial College Healthcare (75
S B
BRAINS- British Repository of DNA in Stroke
| Patient’s ID number | | | | | |
QNo | Question Response
* Venous Sinus Thrombaosis — additional gquestions
6. | Past history of malignancy? 1. Yes gotoq 7
2 Nogotoq8
7. | Please specify the malignancy
8. | Intake of oral contraceptive at the time of stroke? 1. Yes
2. No
3. Don’t know
9. | Is patient pregnant? 1. Yes
2. No
10. | Or did give birth recently (last 3 months)? 1. Yes
2 No[l Don't know
Patient’s medical history
11. | Does patient has any 1_Hypertension Yes No Don’t Know 1. New
co-morbids? (Tick, if new 2.Diabetes Mellitus Yes No Don’t know 2. New
diagnosis at this admission) 3.IHD/Angina Yes No Don’t know 3. New
4_Hypercholesterclemia Yes No Don’t know 4. New
5. Atrial Fibnillation Yes No Don’t know 5. New
6.PVD Yes No Don’t know 6. New
T.MI Yes No Don’t know 7. New
8.Migraine with aura Yes No Don’t know 8. New
9 Migraine without aura Yes No Don’t know 9. New
12. | Does patient has previous history of stroke? 1. Isc. stroke
2 Haem Stroke
3 TIA
4. None gotog 14
13. | In which year did you had this stroke?
Year (ryyy)
14. | Cigarettes history 0. [ Neversmoke gotoq 16
1. Ex-smoker
2 Current smoker
15. | On average how many cig/day?
Cig /day
16. | Alcohol drinking history (unit‘week)
Drinks unit(s) Wk
17. | Patient’s famuly history 1. Siroke Don’t know
2. THD/Angina Don’t know
3. DM Don’t know
4. MI Don’t know
5. BVD Don’t know
6. Hypertension Don’t know
1. None of above
BRAINS REC 04/Q0401/40 Data Collection Form V10 23 72012
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[CCRU Imperial College Healthcare
S s
BRAINS- British Repository of DNA in Stroke
| Patient’s ID number | | | | | |
QNo | Question Response
18. | medicine on 1. Aspirin a) Dose mg/day
admission 2. Clopidogrel b) Dose mg/day
3. Aspinn + Clopidogrel c) Dose + mg/day
4. Dipynidamole d) Dose mg/day
5. Aspinn + Dipyridamole &) Dose + mg/day
6. Warfarin f) INR
7. Statin g) Dose mg/day
8. Antihypertensive Please specify the name of
9. None of above statin
19. | Blood pressure on admission
/ mmhg
20. | Temperature on admission
°C
21. | Hip: cm
22 | Waist (While patient 1s in laying/sitting position) - cm
23. | Height: cm
24 | Weight: kg
25 | Carotid endartectomy 0. [ Not done
1. [1Done
26. [Thrombolysed 0. Not done
L. Done
27. | Medicine given at 1. Aspirin 1. Dose mg/day
the ttime of discharge 2. Clopidogrel 2. Dose mg/day
3. Aspinin + Clopidogrel 3. Dose ____+  mg/day
4. Dipynidamole 4. Dose mg/day
5. Aspirin + Dipyridamole 5. Dose  +  mg/day
6. Statin 6. Dose mg/day
7. Antihypertensive Please specify the name of
8. Warfann statin
28.
NIHSS on admission : on discharge :
(please attach copy of NIHSS )
29
Barthel on admission - on discharge :
(please attach copy of Barthel )
30. | Discharge 1 Home
2. MNursing Home
3. 1 Rehabilitation
4. || Local DGH
0. RIP
Question Response
BRAINS REC 04/Q0401/40 Data Collection Form V10 23 72012
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[CCRU imperial College Healthcare [[T14]
hi5 Truy
BRAINS- British Repository of DNA in Stroke

| Patient’s ID number | | | | |

QNo_| I

ECG and ECHO section

31. | ECG done No go to q 33

Yes

| Normal
LVH
AF
| Ventricular ectopics
Atnial Ectopics
| Don’t know
None of above

32. | Findings of ECG

33, | ECHO done No go to q 35

Yes

34, | Findings of Echo | MNormal

| LVH
PFO
Thrombus
None of above

| Don’t know

Lo i 13 = O o b e b = O R

Brain Imaging

| CT
MEI
Mot done

35. | Brain Imaging

T =

Anterior

a. Right

b. Left

c. Bilateral
Posterior
Anterioposterior

35a Lesion location

36, | Intracranial vessel imaging | CTA
| Angiogram
| MRA
None gotoqg39

37. | Intracramal stenosis No

[l Yes

el = I Sl g

38. | Infracramal stenosis (%)
Y

39. | TOAST CLASSIFICATION (1) LVD (large artery atherosclerosis)

(2) SVD (small vessel occlusion)

(3) Cardioembolism

(4) Combined (2 or more causes identified)
(5) Stroke of other determined etiology

(6) Negative evaluation (no cause found)

BRAINS REC 04/Q0401/40_Data Collection Form V10 23 .7.2012
Page 4 of 6




Taylor Aurelius

[CCRU imperial College Healthcare (75
KHS Trus
BRAINS- British Repository of DNA in Stroke
| Patient’s ID number | | | | |
QNo Question Response
Extra cranial Vessel Imaging
40. | Extra cramal Vessel Imaging 1 Doppler
2 MRA
3. UCTA
4. [ Not done
41. | Doppler R CCA Velocity (cm/s)
findings R ICA Velocity (cm/s)
(please attach | I CCA Velocity (cm/s)
copy of L ICA Velocity (cm/s)
Doppler scan) | R vertebral stenosis (em/s or txt)
L vertebral stenosis (cm's or txt)
R CCA stenosis %
R ICA stenosis Y
L CCA stenosis %
L ICA stenosis %
R CCA plaque (Plaque/TT/Normal)
R ICA plaque (Plaque/TT/Normal)L
CCA plaque (Plaque/TT/MNormal)
L ICA plaque (Plaque/TT/Normal)
Basilar stenosis
Blood section
42 Glucose: Y /Result Not done
43. Total Cholesterol: Y | /Result Not done
44 HDL-Cholesterol: Y | /Result Not done
45. LDL-Cholesterol: Y ' /Result Not done
46. Tnglyceride: Y /Result Not done
47. ESE: Y /Result Not done
48. CRP: Y /Result Not done
49 Tropomin: Y /Result Not done
50. Protemn C: Y /Result Not done
51. Protein 5: Y /Result Not done
52, Fibrinogen: Y /Result Not done
53. Anfithrombin 11: Y ' /Result Not done
54. Factor V: Y /Result Not done
55. Homocysteine: Y | /Result Not done
56. Prothrombin: Y  /Result Not done
57 Anfiphospholipid: Y /Result Not done
BRAINS REC 04/Q0401/40_Data Collection Form V10 23 7.2012
Page S of 6
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[CCRU imperial College Healthcare [[T14]

BRAINS- British Repository of DNA in Stroke

| Patient’s ID number | | | | | |

PATIENT’S SPOUSE/ PARTNER DETAILS (CONTROL GROUF)

Name of poes: ___/ [
Patient: dd mmyy y ¥
Place of birth (town/ country): /
QNO Question Response
L Gender 0. female
1 male
2 Ethnicity
3 Is this person (control) related to the 1. | Yes
patient? 2. Nogotoq$
4 If ves please specify relationship 1. First cousin
2. Second cousin
3.  Other Please specify
5. Religion
6. Native Language
7. BP today ! mmHg
8 Medical Past 1. Hypertension Yes No Don’t know
]:l.istory? 2. Diabetes Mellitus Yes No Don’t know
3. IHDVAngina Yes No Don’t know
4. Hypercholesterolemia Yes No Don’t know
5. Atnal Fibrillation Yes No Don’t know
6. PVD Yes No Don’t know
7. MI Yes No Don’t know
8. Migraine with aura Yes No Don’t know
9. Migraine without aura Yes No Don’t know
10. Ischaemic stroke Yes No Don’t know
11. Haemotrhagic stroke Yes No Don’t know
12.TIA Yes No Don’t know
Blood sample | Blood taken Yes | /No | Blood sample number=patient
identification number (local centre)
Whenr /.
dd mmyyvyw | | _____ _

BRAINS REC 04/Q0401/40_Data Collection Form V10 23 .7.2012
Page 6 of 6

164




Taylor Aurelius

10.6 — Example BRAINS questionnaire for the India data
collection.

Genetics of stroke in South Asians (www brainsgenetics com)

Data Collection Form (DCF) Patient’s ID pumber

(1) DETAILS OF RECRUITMENT

Trial SITE: Date recruited
1=Inpatient 2=outpatient Y
dd mmyyy v
(2) PATIENT’S PERSONAL DETAILS
Name of poB: [/
Patient: dd mmyyyy
Address:
(patient’s
label ) Gender: Male | Female!
Contact
details for Landline
follow-up call: | Cell phone
Friend/ relative
Place of birth (town/ country): /
Ethnicity: Native Language:
Religion:
Economic [ ]1(1)Bed [ ](2) Electricity | |(3) Table [ 1(#) Toilet
Status |5y Roofed house [1(6) Water Filter [](7) Fan
[1(8) Codler [1(9) Cooking Gas [ ](10) TV
[1(11) Phone/ Mobile [1(12) Scooter/ Bike[ |(13) Sofa set
[1(14) Curtain in windows [[1(15). Refrigerator [_] (16) Mixer Grinder
[1(17) Dining Table [[](18) Toaster [[1(19) Aqua guard
[](20) Microwave oven [1¢21) Computer [_](22). Geyser
[1(23) R.O Water Purifier System [_|(24) Car []@s). AcC.
Blood sample | Blood taken Yes |/ No || Blood sample numhber=patient
identification number (local centre)
When: /[
@d mmyyyvy | | _______
Date of stroke
! event / / (d d mmyy vy vy
BRAINS_SA Data Collection Form V4 _11.03.2014 Page 1 of 7
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Genetics of stroke in South Asians (www brainsgenetics.com)

Data Collection Form (DCF)

Patient’s II) number

(3) PATIENT’S DIAGNOSIS AND MEDICAL HISTORY

166

Diagnosis: Ischaemic Stroke  Yes [ |/ No [ | TACI/ |, PACI| |, LACI| |, POCI
(one of those must | Haemorrhagic Stroke™ Yes [/ No
apply) Venous Sinus Thrombosis Yes [/ No
TIA Yes [1/ No
AVM Yes [/ No [
Aneurysm Yes [1/ No [
Subarachnoid Yes [ |/ No
*For Haemorrhagic 1. Basal Ganglia
Stroke only 2. Cortical
Site of Bleed 3. Cercbella
4. Brain steam
Tick, if new diagnaosis at this
Patient’s PAST history admission
Hypertension Yes No[! Don’t know New |
Dhabetes Mellitus Yes No Don’t know New
IHD/Angina Yes No' | Don’t know New
Hypercholesterolemia Yes No Don’t know New
Atnal Fibrillation Yes No Don’t know New
PVD Yes No Don’t know New |
MI Yes No[l  Don’t know New |
Migrame with aura  Yes No Don’t know New
Migrame without aura Yes No Don’t know New
Patient’s previous | Ischaemic Stroke Yes || Nol
Strokes Haemorrhagic Stroke Yes || No When (year)
TIA Yes || Nol
Rheumatic heart fever Yes [ | No[_
Stroke associated
with Dissection Yes | |/ No PFO Yes | |/ No MI Yes ||/ No
Patient’s Family | Stroke Yes No Don’t know [
History: [HD/Angina Yes No | Don't know [
Diabetes Mellitus Yes No Don’t know |
MI Yes No Don’t know
PVD Yes No Don’t know
Hypertension Yes [ No Don’t know [
None of above Yes | No [0 Don’t know [
Smoking etc Cigarettes none [| Ex [ current per day
BRAINS_SA Data Collection Form V4_11.03.2014 Page 2 of 7
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Genetics of stroke in South Asians (www brainsgenetics.com)

Data Collection Form (DCF) Patient’s ID pumber
Tobacco chewing none [ Ex [ current per day
Hookas none | Ex 71 cumrent [ per day
Beed1 none [| Ex [ current per day
Alcchol Drinks unit(s) per week
(see attached for umit
details)
Anthropometric | Hip: cm Waist: cm
meASUrements | peight: cm  Weight: ke
BMI:
Medicine on Aspirin O Dose mg/day
admission: Clopidogrel Dose mg/day
Aspirin + Clopidogrel [ Dose + mg/day
Dipyridamole [ Dose mg/day
Aspirin + Dipyridamole | Dose + mg/day
Warfarin . INR
Statin Name Dose mg/day
Antihypertensive ad
None of above
PATIENT’S MEDICAL STATUS ON ADMISSION
BLOODS Glucaose: Y  |/Result Not done |
Total Cholesterol: Y _|/Result Not done |
HDL-Cholesterol: Y |/Result Not done
LDL-Cholesterol: Y "|/Result Not done |
Triglyceride: Y I/Result Not done |
ESR: Y |/Result Not done |
CRP: Y |/Result Not done
Troponin: Y |/Result Not done
Protein C: Y |/Result Not done
Protein S: Y |/Result Not done
Fibrinogen: Y |/Result Not done
Antithrombin 11: Y | |/Result Not done
Factor V: Y [1/Result Not done |
Homacysteine: Y |/Result Not done |
Prothrombin: Y |/Result Not done
BRAINS_SA Data Collection Form_V4_11.03.2014 Page 3 of 7
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Genetics of stroke in South Asians (www brainsgenetics.com)

Data Collection Form (DCF)

Patient’s II) number

| Antiphospholipid: Y | /Result Not done ||
BP on admission Temperature on admission
! mmHg °C
Carotid Thrombolysed
endarterectomy Done [/ Not done [ | Done ||/ Not done
Intracramial | CTA Done [ |/ Not done [ MRA Done [ |/ Not done
vessel imaging Angi Done
(please attached ogram / Not done
_...copy of report)
Intracranial stenosis: Yes | Yo No
Extracranial Vessel Imaging: Brain Imaging: (please attached report)
Dopplers Done [ |/ Not done | CT Done [ |/ Not done
MRA Done [ |/ Not done | MRI Deone [ |/ Not done
CTA Done [ |/ Not done [ Lesion location
Anterior
(please attached copy of report) Right Left Bilateral
Posterior
TOAST CLASSIFICATION
R ICA stenasis "o (1) LVD (large artery atherosclerosis)
LICAstenosis __ % (2) SVD (small vessel occlusion)
R CCA stenaosi %
srenasts ° (3) Cardioembolism
L CCA stenosis %
4) Combined (2 identified
R vertebral stenosis % @) (2 or more causes 1 )
L vertehral stenasis o (5) Stroke of other determined eticlogy
Basilar stenosis % (6) Negative evaluation (no cause found)
ECG Done Not done ECHO Done Not done
(please attached copy) _| (please attached copy)
Result:  Normal Result:  Normal
LVH LVH
AF PFO
Ventricular ectopics Thrombus
Atrial ectopics: None of above
None of above Don’t know
Don’t know

BRAINS_SA_Data Collection Form_V4_11.03.2014
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Genetics of stroke in South Asians (www brainsgenetics.com)

Data Collection Form (DCF) Patient’s ID number -
NIHSS: On admission On discharge
Barthel: On admission On discharge
MRS On admission On discharge
Discharge: Home Nursing Home
Rehabilitation RIP
Local DGH
Medicine Aspirin Dose mg/day
on discharge | C1opidogrel Dose mg/day
Aspirin + Clopidogrel Dose mg/day
Dipyndamole Dose mg/day
Aspinin + Dipyridamole Dose mg/day
Statin Dose mg/day_Name
Antihyperiensive
Warfarin
Follow up
After one year of first event
Ihd patient have 1. Stroke /TIA
2. M
3. Died
4. Noevent
BRAINS_SA_Data Collection Form V4_11.03.2014 Page 5 of 7
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Genetics of stroke in South Asians (www brainsgenetics.com)

Data Collection Form (DCF) Patient’s ID pumber
(4) PATIENT’S SPOUSE/ PARTNER DETAILS (CONTROL GROUP)
Name and poB:- __/+
address of @dd mmyyy ¥y
Spouse/ Partner
Gender: Male | Female! |
Contact details
for follow-up | Landline
call Cell phone
Friend/ relative
Place of birth (town/ country): /
Ethnicity: Religion:
Native Language: BP today / mmHg
Medical Past | Hypertension Yes | No | Don’t know [

History: Diabetes Mellitus Yes No Don’t know [
[HD/Angina Yes | No Don’t know [ |
Hypercholesteremia  Yes No Don’t know |
Atrial Fibnllation Yes | No | Don’t know ||
PVD Yes | No | Don’t know ||
MIL Yes No Don’t know [

Migraine with aura  Yes No Don’t know |
Migraine without aura Yes | No | Don’t know [
Ischaemic Stroke Yes No Don’t know |
Haemorrhagic Stroke Yes | No | Don’t know ||
TIA Yes No Don’t know |
Economic [ 1(1)Bed [1(2) Electricity [ ](3) Table [ 1(4) Toilet
Status [](5) Roofed house [](6) Water Filter [ ](7) Fan
[1(8) Cooler [1(9) Cooking Gas [ 1(10) T.V
[1(11) Phone/ Mobile [ 1(12) Scooter/ Bike [ ](13) Sofa set
[1(14) Curtain in windows [1(15). Refrigerator [ ] (16) Mixer Grinder
[1(17) Dining Table [](18) Toaster [ 1(19) Aqua guard
[1(20) Microwave oven [1(21) Computer [ 1(22). Geyser
[1(23) R.O Water Purifier System [ | (24) Car J@Es.Ac.
BRAINS_SA Data Collection Form_V4_11.03.2014 Page 6 of 7
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Genetics of stroke in South Asians (www brainsgenetics.com)

Data Collection Form (DCF) Patient’s ID pumber
Hip cm Height cm
Waist cm Weight kg BMI
Blood sample | Blood taken Yes [ |/ No Blood sample number=control

identification number (local centre):
When: ! !

dd mmyyy ¥y

BRAINS_SA_Data Collection Form_V4_11.03.2014 Page 7 of 7
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10.7- Population characteristics stratified by missing values status.

n (%) Missing n (%) Complete P-value*
Central obesity
Age of onset, mean (SD), years 1323 (25.3) 67.9 (14.8) 3897 (74.7) 64.0 (16.0) <0.001
Men / Women, n (%) 1323 (25.3) 778 (24.1)/545 (27.4) 3897 (74.7) 2456 (75.9)/1441 (72.6) 0.006
WB / BSA/ISA, n (%) 1323 (25.3) 860 (37.5)/279 (16.9)/184 (14.4) 3897 (74.7) 1431 (62.5)/1371 (83.1)/1095 (85.6) <0.001
Smoking history
Age of onset, mean (SD), years 341 (6.5) 69.1 (13.2) 4879 (93.5) 64.7 (15.9) <0.001
Men / Women, n (%) 341 (6.5) 204 (6.3)/137 (6.9) 4879 (93.5) 3030 (93.7)/ 1849 (93.1) 0.40
WB / BSA/ISA, n (%) 341 (6.5) 229 (10.0)/ 103 (6.2)/ 9 (0.7) 4879 (93.5) 2062 (90.0)/1547 (93.8)/1270 (99.3) <0.001
Alcohol consumption
Age of onset, mean (SD), years 747 (14.3) 69.8 (13.6) 4473 (85.7) 64.1 (16.0) <0.001
Men / Women, n (%) 747 (14.3) 421 (13.0)/ 326 (16.4) 4473 (85.7) 2813 (87.0)/1660 (83.6) 0.001
WB / BSA /ISA, n (%) 747 (14.3) 553 (24.1)/188 (11.4)/6 (0.5) 4473 (85.7) 1738 (75.9)/1462 (88.6)/1273 (99.5) <0.001
Hypertension
Age of onset, mean (SD), years 380 (7.3) 68.0 (14.2) 4840 (92.7) 64.7 (15.9) <0.001
Men / Women, n (%) 380 (7.3) 231 (7.1)/149 (7.5) 4840 (92.7) 3003 (92.9)/1837 (92.5) 0.56
WB / BSA/ISA, n (%) 380 (7.3) 231 (10.1)/116 (7.0)/33 (2.6) 4840 (92.7) 2060 (89.9)/1534 (93.0)/1246 (97.4) <0.001
Diabetes mellitus
Age of onset, mean (SD), years 392 (7.5) 68.1 (14.6) 4828 (92.5) 64.7 (15.9) <0.001
Men / Women, n (%) 392 (7.5) 233 (7.2)/159 (8.0) 4828 (92.5) 3001 (92.8)/1827 (92.0) 0.29
WB / BSA/ISA, n (%) 392 (7.5) 242 (10.6)/112 (6.8)/38 (3.0) 4828 (92.5) 2049 (89.4)/1538 (93.2)/1241 (97.0) <0.001
Hypercholesterolemia
Age of onset, mean (SD), years 598 (11.5) 64.8 (15.5) 4622 (88.5) 65.0 (15.8) 0.83
Men / Women, n (%) 598 (11.5) 377 (11.7)/221 (11.1) 4622 (88.5) 2857 (88.3)/1765 (88.9) 0.56
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WB /BSA/ISA, n (%) 598 (11.5) 253 (11.0)/166 (10.1)/179 (14.0) 4622 (88.5) 2038 (89.0)/1484 (89.9)/1100 (86.0)  0.003
Ischaemic heart disease

Age of onset, mean (SD), years 365 (7.0) 69.8 (13.1) 4855 (93.0) 64.6 (15.9) <0.001
Men / Women, n (%) 365 (7.0) 218 (6.7)/147 (7.4) 4855 (93.0) 3016 (93.3)/1839 (92.6) 0.36
WB / BSA/ISA, n (%) 365 (7.0) 239 (10.4)/123 (7.5)/3 (0.2) 4855 (93.0) 2052 (89.6)/1527 (92.5)/1276 (99.8)  <0.001
Atrial fibrillation

Age of onset, mean (SD), years 680 (13.0) 63.2 (15.7) 4540 (87.0) 65.2 (15.8) 0.002
Men / Women, n (%) 680 (13.0) 456 (14.1)/224 (11.3) 4540 (87.0) 2778 (85.9)/1762 (88.7) 0.003
WB / BSA/ISA, n (%) 680 (13.0) 258 (11.3)/168 (10.2)/254 (19.9) 4540 (87.0) 2033 (88.7)/1482 (89.8)/1025 (80.1)  <0.001
TOAST stroke subtype

Age of onset, mean (SD), years 1468 (28.1) 65.0 (14.8) 3752 (71.9) 65.0 (16.2) 0.92
Men / Women, n (%) 1468 (28.1) 899 (27.8)/569 (28.7) 3752 (71.9) 2335 (72.2)/1417 (71.3) 0.51
WB /BSA/ISA, n (%) 1468 (28.1) 792 (34.6)/365 (22.1)/311 (24.3) 3752 (71.9) 1499 (65.4)/1285 (77.9)/968 (75.7)  <0.001
Stroke history

Age of onset, mean (SD), years 312 (6.0) 69.5 (13.0) 4908 (94.0) 64.7 (15.9) <0.001
Men / Women, n (%) 312 (6.0) 188 (5.8)/124 (6.2) 4908 (94.0) 3046 (94.2)/1862 (93.8) 0.52
WB / BSA/ISA, n (%) 312 (6.0) 218 (9.5)/91 (5.5)/3 (0.2) 4908 (94.0) 2073 (90.5)/1559 (94.5)/1276 (99.8) <0.001

n denotes sample size. *P-value is calculated using either independent t-test for age of onset comparisons or a chi-square test for prevalence
comparisons. WB, white British; BSA, UK residing South Asians; ISA, Indian South Asians.
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10.8 - Comparison of the age of ischaemic stroke event in those
with missing and complete data for each included variable,

using chapter 4’s selection criteria.

Missing/Complete Missing Complete
value
n/n Years (SD) Years (SD) P-value*
Central obesity
WB 552/1184 71.2 (13.4)  71.7 (13.4) 0.48
BSA 152/1024 66.6 (15.0) 63.9 (15.1) 0.040
ISA 155/971 53.3(14.2)  51.7 (13.3) 0.17
Smoking history
WB 20/1716 70.8 (14.5)  71.5(13.4) 0.80
BSA 12/1164 59.2 (16.0) 64.3 (15.1) 0.24
ISA 5/1121 61.0(6.4)  51.9(13.4) 0.13
Alcohol consumption
wB 299/1437 71.4 (13.5) 71.5(13.4) 0.94
BSA 80/1096 62.8 (16.2) 64.4 (15.0) 0.38
ISA 6/1120 52.3 (11.0) 52.0 (13.4) 0.95
Hypertension
wB 22/1714 73.2 (14.1) 71.5(13.4) 0.54
BSA 19/1157 67.3(12.1)  64.2 (15.1) 0.37
ISA 28/1098 51.4 (15.3) 52.0 (13.3) 0.83
Diabetes mellitus
wB 29/1707 74.6 (13.8) 71.4 (13.4) 0.21
BSA 19/1157 67.8(13.6)  64.2(15.1) 0.30
ISA 30/1096 50.8 (16.6) 52.0 (13.3) 0.63
Hypercholesterolemia
WB 37/1699 73.6(13.1)  71.5(13.4) 0.34
BSA 49/1127 68.7 (11.9) 64.1 (15.2) 0.034
ISA 150/976 51.3 (14.4)  52.1(13.2) 0.51
Ischaemic heart disease
WB 26/1710 74.2 (135) 715 (13.4) 0.31
BSA 25/1151 66.5 (14.4) 64.2 (15.1) 0.46
ISA 0/1126 52.0 (13.4)
Atrial fibrillation
wB 36/1700 73.8 (13.8) 71.4 (13.4) 0.29
BSA 54/1122 67.5 (14.7) 64.1 (15.1) 0.11
ISA 212/914 51.7 (13.2) 52.0 (13.4) 0.80

Selection criteria for chapter 4: complete information of age of onset, ethnicity, and sex. *P-
value was determined using an independent t-test to compare the age of onset. n demotes the
sample population. ISA: South Asians residing in India. BSA: UK residing South Asians.
WB: White British.
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10.9 - Comparison of population characteristics of ISA and BSA

with WB.
ISA vs WB BSA vs WB
Difference  P-Value*  Difference  P-Value*

Average age of onset, mean years 195 <0.001 7.2 <0.001
Men (%) 11.8 <0.001 9.1 <0.001
TOAST Stroke Subtype % %

Large artery atherosclerosis 8.0 <0.001 14.3 <0.001
Small vessel occlusion 1.0 0.56 10.1 <0.001
Cardio-embolism 8.0 <0.001 3.6 <0.001
Environmental Factors % %

Central obesity 4.7 0.02 3.9 0.042
Smoking history 94 <0.001 17.8 <0.001
Alcohol consumption 4.1 0.036 22.7 <0.001
Comorbidities % %

Hypertension 1.7 0.35 10.6 <0.001
Diabetes mellitus 14.1 <0.001 315 <0.001
Hypercholesterolemia -2.3 0.231 18.5 <0.001
Ischaemic heart disease 5.9 <0.001 10.8 <0.001
Atrial fibrillation 15.8 <0.001 10.2 <0.001

*Independent t-test was used to compare the age of onset with all others using Chi-
square tests. Central obesity is classified by waist circumference (men: >102cm,
women: >88 cm) or BMI (>30 kg/m?). ISA: South Asians residing in India. BSA: UK
residing South Asians. WB: White British.
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10.10

- Age of first-time stroke event between those with

missing and complete for each included variable, using
chapter 5’s selection criteria.

Missing/Complete Missing Complete P-value*
Central obesity n/n Years (SD) Years (SD)
wB 409/831 72.2 (13.4) 72.8 (13.5) 0.50
BSA 95/875 67.1(15.4) 63.6 (15.1) 0.036
ISA 120/730 53.3(14.9) 52.1 (13.6) 0.38
Smoking history
wB 11/1229 74.8 (11.3) 72.6 (13.5) 0.58
BSA 3/967 71.0 (6.6) 63.9 (15.2) 0.42
ISA 4/846 60.3 (7.1) 52.2 (13.8) 0.24
Alcohol consumption
wB 261/979 71.7 (13.5) 72.8 (13.5) 0.21
BSA 51/919 62.3 (16.1) 64.1 (15.1) 0.42
ISA 4/846 58.0 (4.5) 52.2 (13.8) 0.40
Hypertension
wB 14/1226 77.4 (12.5) 72.5(13.5) 0.18
BSA 8/962 68.1 (12.8) 63.9 (15.2) 0.44
ISA 23/827 52.8 (14.9) 52.2 (13.7) 0.85
Diabetes mellitus
wB 16/1224 80.7 (12.1) 72.5(13.5) 0.015
BSA 7/963 71.7 (11.0) 63.9 (15.2) 0.18
ISA 22/828 51.3(17.2) 52.3 (13.7) 0.75
Hypercholesterolemia
wB 22/1218 78.1(11.9) 72.5(13.5) 0.051
BSA 26/944 70.5 (10.8) 63.8 (15.2) 0.005
ISA 123/727 51.2 (15.1) 52.4 (13.5) 0.34
Ischaemic heart disease
wB 16/1224 78.6 (11.7) 72.5(13.5) 0.07
BSA 7/963 66.7 (15.3) 63.9 (15.2) 0.63
ISA 0/850 -- 52.3 (13.7) --
Atrial fibrillation
wB 23/1217 77.7 (12.9) 72.5(13.5) 0.064
BSA 27/943 67.5(13.2) 63.9 (15.2) 0.22
ISA 200/650 51.7 (13.4) 52.4 (13.9) 0.53

Selection criteria for chapter 5: complete information of age of onset, TOAST classification,
ethnicity, and sex. *P-value was determined using an independent t-test to compare the age of
onset. n demotes the sample population. ISA: South Asians residing in India. BSA: UK
residing South Asians. WB: White British.
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10.11

- Age of first-time stroke event between those with

missing and complete for each included variable, using
chapter 6°s selection criteria.

Missing/Complete Missing Complete P-value*
Central obesity n/n Years (SD) Years (SD)
wB 552/1184 71.2 (13.4) 71.7 (13.4) 0.48
BSA 152/1024 66.6 (15.0) 63.9 (15.1) 0.040
ISA 155/971 53.3(14.2) 51.7 (13.3) 0.17
Smoking history
wB 20/1716 70.8 (14.5) 71.5(13.4) 0.80
BSA 12/1164 59.2 (16.0) 64.3 (15.1) 0.24
ISA 5/1121 61.0 (6.4) 51.9 (13.4) 0.13
Alcohol consumption
wB 299/1437 71.4 (13.5) 71.5(13.4) 0.94
BSA 80/1096 62.8 (16.2) 64.4 (15.0) 0.38
ISA 6/1120 52.3(11.0) 52.0 (13.4) 0.95
Hypertension
wB 22/1714 73.2 (14.1) 71.5(13.4) 0.54
BSA 19/1157 67.3 (12.1) 64.2 (15.1) 0.37
ISA 28/1098 51.4 (15.3) 52 .0(13.3) 0.83
Diabetes mellitus
wB 29/1707 74.6 (13.8) 71.4 (13.4) 0.21
BSA 19/1157 67.8 (13.6) 64.2 (15.1) 0.30
ISA 30/1096 50.8 (16.6) 52.0 (13.3) 0.63
Hypercholesterolemia
wB 37/1699 73.6 (13.1) 71.5(13.4) 0.34
BSA 49/1127 68.7 (11.9) 64.1 (15.2) 0.034
ISA 150/976 51.3(14.4) 52.1(13.2) 0.51
Ischaemic heart disease
wB 26/1710 74.2 (13.5) 71.5(13.4) 0.31
BSA 25/1151 66.5 (14.4) 64.2 (15.1) 0.46
ISA 0/1126 52.0 (13.4)
Atrial fibrillation
wB 36/1700 73.8 (13.8) 71.4 (13.4) 0.29
BSA 54/1122 67.5 (14.7) 64.1 (15.1) 0.11
ISA 212/914 51.7 (13.2) 52.0 (13.4) 0.80

Selection criteria for chapter 6: complete information of age of onset, ethnicity, metabolic
risk factor data and sex. *P-value was determined using an independent t-test to compare the
age of onset. n demotes the sample population. ISA: South Asians residing in India. BSA:
UK residing South Asians. WB: White British.
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10.12 — Number of metabolic risk factors with complete data,
stratified by ethnicity.

No. of metabolic ISA (n=1126) BSA (n=1176) WB (n=1736)  Total (n=4038)
risk factors* with

complete data. n (%) n (%) n (%) n (%)
0 2(0.2) 6 (0.5) 13 (0.7) 21 (0.5)
1 9(0.8) 6 (0.5) 11 (0.6) 26 (0.6)
2 54 (4.8) 14 (1.2) 9(0.9) 77 (1.9)
3 220 (19.5) 169 (14.4) 537 (30.9) 926 (22.9)
4 841 (74.7) 981 (83.4) 1166 (67.2) 2988 (74.0)

n demotes the sample population. *Metabolic risk factors included are hypertension, diabetes
mellitus, hypercholesterolemia, and central obesity. ISA: South Asians residing in India.
BSA: UK residing South Asians. WB: White British.
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10.13

- Age of stroke event between those with missing and
complete data for each included variable, using chapter 7’s
selection criteria.

Missing/Complete Missing Complete  P-value*
Central obesity n/n Years (SD)  Years (SD)
WB 624/1409 714 (13.1)  72.0 (13.4) 0.37
BSA 179/1303 67.2 (14.6) 65.0 (14.8) 0.051
Smoking history
WB 17/2016 73.6 (11.9) 71.8 (13.3) 0.56
BSA 8/1474 58.3 (18.0) 65.3 (14.8) 0.18
Alcohol consumption
wB 339/1694 71.9 (12.9) 71.8 (13.3) 0.86
BSA 87/1395 64.3 (15.7) 65.3 (14.7) 0.55
Hypertension
WB 712026 70.7 (15.3) 71.8 (13.3) 0.83
BSA 10/1472 69.7 (10.8) 65.2 (14.8) 0.34
Diabetes mellitus
WB 8/2025 79.9 (11.3)  71.7 (13.3) 0.08
BSA 4/1478 71.0 (5.1) 65.2 (14.8) 0.11
Hypercholesterolemia
WB 19/2014 73.8 (10.6) 71.8 (13.3) 0.50
BSA 39/1443 69.4 (9.8) 65.1 (14.9) 0.01
Ischaemic heart disease
wB 4/2029 74.8 (12.4) 71.8 (13.3) 0.65
BSA 4/1478 61.3 (15.2) 65.2 (14.8) 0.59
Antiplatelets admission
wB 236/1797 71.0 (13.9) 71.9 (13.2) 0.35
BSA 6/1476 71.0 (15.7)  65.2 (14.8) 0.34
Antiplatelets discharge
WB 248/1785 71.2 (13.8) 71.9 (13.2) 0.44
BSA 24/1458 65.1 (15.1) 65.2 (14.8) 0.97

Selection criteria for chapter 7: complete information of age of onset, atrial fibrillation status,
ethnicity, and sex. *P-value was determined using an independent t-test to compare the age of
onset. n demotes the sample population. BSA: UK residing South Asians. WB: White British.
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10.14 — Metabolic Syndrome poster presentation given to the
European and World stroke conference, using preliminary
data from the BRAINS database in 2018.
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South Asians in the UK have an increased risk

hali

of stroke. M syndi PP

prevalent in this group. Envirenmental and
genetic factors play major roles but there has
been little research on stroke in patients of
South Asian ancestry despite the UK hosting
the largest congregation of this group outside
the Indian sub i To gain ir into
this discrepancy we established BRAINS, the
world's largest South Asian stroke DNA
repository.

Prior to a GWAS for ancestral stroke risk loci,
we sought to compare the prevalence and risk
factors of Metabolic Synd b South
Asian, and white European with ischaemic
stroke

- BRAINS is an ongoing global (UK, Middle
East, India, Sri Lanka) repository of stroke
patients.

+ Data collected includes risk factors and other
compounding factors for all haemorrhagic
and ischaemic stroke patients of adult age
=18 years old. DNA is stored.

« Data for the UK cohort was collected at
multiple sites nationwide.

- Data was filtered so only South Asian and
white European stroke cases remained

+ Metabolic Syndi was defined per the
NCEP ATP Il guidelines [Table 1]

+ Cases were included if we could define
Metabolic Syndrome status

+ Comparisons of outcomes between ethnic
groups and risk factors were made using chi-
squared test and logistic regression.

Table 1. NCEP ATP Il Metabolic Syndrome
Definition

South Asians experienced a ~3 fold increased risk of having Metabolic Syndrome, as defined by the ATP [I
definition, compared to white Europeans. South Asians suffered from a 6-7 year earlier ischaemic stroke while
alse suffering from an adverse risk profile. These risk facters explain the increased prevalence of Metabolic
Syndrome in South Asians, however the pathology is still not fully understood. Genetics may play a role in these
findings and BRAINS is now undergoing a genome wide analysis.

Figure 2. Ethnic and sex percentage + The mean {SD) age of stroke
onset was 6 years earlier in
South Asian men (South
Asian: 62.8+14.1 years, vs
white European : 68.8+13.3
years, 35%CI=45-7.6,
P<0.001) and 7.1 years
earlier in women (South
Asian: 66.6+15.1 years, vs
white European: 73.7£13.6
years, 95%CI=51-9.2,
P<0.001) compared with
white European.

= 1009 (661 men, 348 women) South Asian and 966 (559 males, 407 women) white
European with Ischemic stroke were included.
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- Prevalence of Metabolic Syndrome, defined by the ATP IIl guidelines, was significantly
higher in South Asians regardless of sex [Figure 3]

able 2. Sex stratified prevalence of Metabolic Syndrome components

» This increase of metabolic syndrome » South Asians have significantly higher
prevalence [Table 2] is driven by increased  prevalence of all Metabolic Syndrome
prevalence of each component. components excluding waist Circumference

Table 3. Sex stratified step-wise logistic regression analysis comparing Metabolic
Syndrome risk between South Asians and white Europeans (reference group)

- Model 1: Unadjusted
- Model 2: Adjusted for age

-Model 3: Adjusted for age and alcohel use (Women only)|

= South Asian men and women saw a 2.8 and 2.7 fold increased risk of Metabolic Syndrome,
respectively, after adjusting for confounding factors, ¢ d to the European population.

P

= Henry Smith = Department

Charity of Health
* Stroke {UK)
Association




