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Summary

Socioeconomic deprivation (SED) is inversely asstecl with mortality. The most
deprived are at a higher risk of all cause mostaitd cardiovascular mortality. However,
only limited study of the relationship between S&ml non-fatal cardiovascular disease
has been previously undertaken. In those studashtive examined the relationship
between SED and non-fatal cardiovascular diseasdyses have been limited to one form
of cardiovascular disease (CVD), such as myocandfiaiction or stroke and often
prevalent disease. Furthermore, these studiesditarefailed to examine the association
between SED and CVD whilst adjusting analyses &diovascular risk factors which are
more prevalent in the most deprived. The aim of #drk was to examine the association
between SED and a number of cardiovascular outcaiftexsadjusting for the traditional
cardiovascular risk factors of age, sex, smokihgpd pressure, diabetes mellitus and
cholesterol. To determine is SED is in fact a fadtor for CVD after adjustment for these
other risk factors, the relationship between SE® anumber of fatal and non-fatal
cardiovascular outcomes was examined. A numbeosraid of CVD were examined,

including all coronary heart disease, myocardidriction, stroke and heart failure

A cohort of over 15,000 men and women who partieipan the Renfrew Paisley cohort
study was examined. These individuals were enrddetdieen 1974 and 1976 and
underwent comprehensive screening for cardiorespyraisk factors. They have since
been followed for hospitalisations and deaths ®y@ars. SED was measured using the
Registrar General’s social class system and thst&les Morris index of deprivation.

Rates of fatal and non-fatal outcomes were caled|as were a number of composite
outcomes. Adjusted analyses using multivariableassjon were conducted to account for
the risk factors of age, sex, smoking, blood pnessiliabetes and cholesterol. Further
adjustment for the risk factors of lung functiomasasured by forced expiratory volume in
1 second, cardiomegaly on chest x-ray, body matxirand a history of bronchitis was
also made. The association between SED and thefrigkcurrent cardiovascular
hospitalisations, the burden of cardiovascularatisgas well as mortality and premature

mortality was assessed for SED.



| found that SED was associated with higher ratésepitalisation for CVD disease in
men and women irrespective of the measure of SEREresocial class or the area based
score of the Carstairs Morris index. This assoamagersisted after adjustment for the
traditional cardiovascular risk factors of age,, s#roking, systolic blood pressure and
diabetes and cholesterol. Further adjustment fog function, the presence of bronchitis,
body mass index and cardiomegaly on a chest xichgat explain the relationship
between SED and each outcome. This risk was Istmtaand persisted to the end of
follow up. The strength of association of SED wititonary heart disease, myocardial

infarction and stroke and all cause mortality wiaslar.

The risk of a recurrent CVD hospitalisation was migher in the most deprived after
adjustment for CVD risk factors. However, | obsehlkat SED was associated with
higher mortality following an admission to hospitgth CVD, before and after adjustment
for cardiovascular risk factors of age, sex, smgksystolic blood pressure, cholesterol

and diabetes and after adjusting for the yearsf fieveloping cardiovascular disease.

All cause mortality and cardiovascular mortalitystaghest in the most deprived. Again
this association persisted after adjustment fadiomascular risk factors. The most
deprived also experienced longer hospital stays tia least deprived for a number of
cardiovascular diseases including myocardial itilancand stroke. As a result the costs
associated with cardiovascular disease admissionsdpital were highest in the most
deprived despite their higher risk of dying durfotiow up. The cost differential was also
explained by the finding that the most deprivedezignced a higher number of admissions
per person. Finally, the population attributab$k ssociated with SED is comparable to

that of other traditional cardiovascular risk fasto

In conclusion, | have found that the risk of CVDtlre most deprived is higher even after
adjustment for a number of cardiovascular riskdexctThe numbers of hospitalisations,
costs and mortality are also highest in the mogtided. Efforts are required to redress
this imbalance. This can be achieved at the lefenindividual through health care
interventions to reduce the absolute burden oficaagdcular risk factors and to treat
disease. However, societal level interventionsadge required to tackle this problem as

SED exerts complex effects on health that seenstolee independent of risk factors.
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Introduction

This thesis will examine the relationship betweeci@éeconomic deprivation and
cardiovascular disease. It will review the publshigerature surrounding this topic and
will report the results of a number of studies exang the relationship between
socioeconomic deprivation (SED) and cardiovasatikgase (CVD) occurring in a cohort

of men and women in the west of Scotland followaddver 25 years.

In the first section | will review the principlegbind the measurement of socioeconomic
deprivation before moving on to describe the litiem@relating SED to health and well-
being in Scotland, and the UK. The next sectioh dékcribe the literature that has
examined the association between SED and cardiolasautcomes, highlighting the
deficiencies in the literature that underlie thedhéor these analyses. Following from this |
will state the aims and objectives of this thekigill then describe in detail the cohort
studied in these analyses and some of the genatistisal methods used to analyse the
data. The subsequent chapters will present thétsasfthe analyses performed which
have examined the association between SED and CW.present the results of
analyses that have examined the association wWitktanon-fatal CVD hospitalisation and
a number of composite outcomes, the impact of SEBeourrent hospitalisations and
subsequent cardiovascular and all cause mortaldyfiaally the burden of disease,
including the numbers of CVD admissions, lengtistafy and health care costs. In each of
the analyses a number of the major forms of CVD lalexamined including all coronary

heart disease, myocardial infarction, stroke araittailure.
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Socioeconomic Deprivation

Measurement and definition of socioeconomic

deprivation

The literature surrounding the concept of socioeatn status or deprivation is almost
immeasurable and many concepts and terms aregill to debate and outside the scope
of this thesis. For example, multiple terms are used to deschibebncept of social status
from “social class”, “social inequality”, “socioesomic position” and “socioeconomic
deprivation” with each having theoretical advantadger consistency | will refer to
socioeconomic deprivation (SED) throughout thisibhieThis can be measured by a
number of different methods. It is often definedamnindividual level using measures such
as income, education and occupation. Each meaasrigshown advantages and
disadvantages; however, comparing measures bethiéerent countries and cultures is
often difficult as levels or scores are countrgolturally specific. In addition, individual
measures of SED may not account for the other gardkeffects that poverty and the
environment impart on an individual. As these atemharder to quantify than individual
measures such as income, a number of differeningceystems have been developed. |
will discuss below the theory and use of two measwf SED that | will utilise in the
studies that | have conducted and note some adttie measures commonly encountered

in the literature surrounding SED and CVD.

Theoretical background to the measurement of

socioeconomic deprivation

Before discussing the methods by which SED can éasored in the literature it is
important to assess the broad concepts underlggmgieasurement of SED. Societies are
complex systems and social stratification is anartgnt mechanism by which societal
resources and goods are distributed and accumwagrdime by different members of a
population. Different measures of SED capture dififi¢ aspects of social stratification.
Each measure may be more or less related to difféeslth outcomes and may also be
related to health at different stages of life. Esample, social class as defined by parental
occupation is more likely to reflect social circuarges in childhood than late adulthood.
Most indicators are correlated with each otheotme degree because they all measure

some aspect of a population’s underlying socioecoaatratification.
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The full theoretical and historical background ofisl theory is too large to summarise
here but has been reviewed by other auth@mso social theorists have informed much of
the thinking around social stratification and tlea@epts which have led to different
measures of SEBThe first is Karl Marx. Marxist theory defines salgosition as a
structural relation between groups in a societgtagon the production and ownership of
material goods. This is based on how the owningsela exploit the hon-owning classes in
a society. The theory is underpinned by the inherenflict in a society between the
exploited workers and the exploiting capitalisteefiefore, in this view of SED the
relationship is not a feature of the individual perbut of the inherent social system of the

few exploiting the many.

Max Weber is credited with the other major thedr$sBD. Weber suggested that a society
is stratified through many dimensions. This cregtesips of individuals who share a
common position within a society and therefore slihe same “life chances”. Their life
chances are created by a common ability to bemadfiaise or trade their education, skills
and attributes in the marketplace of their soci€éhus, Weberian theory leads to the use of
education, occupation and income as measures $d tHspects. Weber, in contrast to
Marx, therefore places more emphasis on the indalid ability to change life
circumstances as opposed to the inherent flawsaotiety that Marx proposed, over

which an individual had little influence.
Occupation based measures

Occupation based indicators of SED are widely @setlare perhaps the most commonly
understood method of assessing SEMccupation can represent SED by reflecting a
person’s place in society in relation to their abstanding, income and intellect. It can
also characterise working relations between empsogad employees. Most studies use
the current or longest held occupation of a petesassign an individual’'s SED.
Occupational measures based on one individualfser nsed to define the social position
of those around them. For example, the occupafitinec‘head of the household” can be
used as an indicator of the SED of dependantsfttet common situation is that of the
husband’s occupation being used to define the lsposgtion of his wife and children) or
the household as an entirety. A number of geneeghanisms may explain the relation
between occupation and health outcomes. Occupat&tnongly related to income, and
therefore, the association with health may be dreedirect relation between material

resources and health. Alternatively, occupation nefigct social standing and be related
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to outcomes because of the privileges that it Isrifgy example better access to health
care, access to education, and so on. Occupatigralsa reflect social networks, stress at
work, level of control, and autonomy and therelfg@fhealth outcomes through a
psychosocial process. Finally, occupation may céfipecific toxic environmental or work

related exposures, for example, environmental smoke

A particular strength of this measure of SED isaitailability in routine data sources, such
as the census and death certificates. A limitadfomccupational indicators is that they
cannot be readily assigned to people who are motmilly employed such as housewives.
As a result, if used as the only source of infoiorabn SED, socioeconomic differentials

may be underestimated through the exclusion of safrttee populatior.

In the UK, social class was measured accordingdastry as early as 1851. In 1911 the
Registrar's General's annual report differentiatedupation and industry with a summary
of occupations representing “social gradésThis scale is based on the prestige or social
standing that a particular occupation has in oaresp. In 1990 it was revised to take into
account more explicitly the skills needed to perfa particular occupation.

In the Registrar General’s social class schemeypatons are divided into six classes
(Table 1), ranked from highest, to lowest, on thsi® of prestigé The table is also
divided into two broad categories, manual and namumal occupations. The seventh
category of all people in the armed forces (irresipe of their rank), is generally excluded

in health studies.

Table 1 Registrar General's Social Class scheme

Grade Example Occupations

| Professional Doctor, Lawyer, Executive Non-Manual
Il Intermediate Sales Manager, Teacher

I1I-N Skilled non- Shop Assistant, Clerk

manual

[1I-M Skilled manual  Machinist, Brick layer Manual

IV Partly skilled Postman,

V Unskilled Labourer, Porters

VI Armed forces

The strength of this measure is its past offidiaius in the UK and hence its widespread
use in central statistics, as well as a numbeen$gses and surveys. It has been adapted
and used in other countries, making comparabiktyveen studies easier. However, its
subjective basis is a limitation. Furthermore,aéd not account for recent changes in the

occupational structure of society. There has beenaease in service jobs and a decrease
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in unskilled and semi-skilled manual occupatiors r@dress these difficulties, since 2000,
the Office for National Statistics in the UK hagdghe new UK National Statistics
socioeconomic classification as its official occliga classification. Despite these issues

the Registrar General’s social class system has, la@el continues to be, widely used.

Other occupation based measures are availablexaonple the Erikson and Goldthorpe
Class Schema was devised to allow internationalpeoisons to be more easily made. It
has been used in some studiéfowever, it does not have an implicit hierarchieaik and
therefore may not capture gradients in risk acitssgroups. A Marxist view of occupation
underlies the classification system of Wright, whias also been adapfeid.explains
differences in outcomes across groups in termgmbéation and conflict between the
classes (capitalists, petty bourgeoisie and seffleyed). This is an underused scheme
though has been applied in the Bther scores or measures of occupation include the
Duncan socioeconomic index, and, the Cambridgeabimteraction and stratification
scale? Again, these scores are relatively underutilisethe health care literature

especially with respect to CVD.

Area level measures and indices of socioeconomic

deprivation

Area level indicators are also used as measur8Ebf These are commonly aggregated
from individual level or small area data, usuatiyni census or other data souré@hey

can be used to define areas as deprived, or afflard consequently are used as a marker
of SED for the people living in those areas. A nemiif area level measures of SED, also
often referred to as indices of deprivation, hagerbdeveloped. | will discuss the index
utilised in these analyses, but also highlight soiriae other commonly used scoring

systems.
The Carstairs Morris deprivation index

The Carstairs-Morris deprivation index is an arasgu risk scor®. This index, based on
official Scottish-wide census data, is used to rpotcodes of residence into seven
deprivation categories. The geographical areabased on postcode sectors — that is areas
with identical postcodes except from the last tlwarecters (e.g. ‘G84 9_ _’ omitting the
last two letters of the postcode). There are alh@0 postcode sectors in Scotland, with

an average population of around 5,000. The indexavinally developed in the 1980s
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using 1981 census data. It is composed of foucatdrs which were judged to represent
disadvantage in the population. The four indicatsescombined to create a composite
score. The deprivation score is divided into sesegparate categories, ranging from the
most deprived (category 7) to the least deprivatke@ory 1). The seven categories were
designed so as to retain the discriminatory featafehe distribution of the deprivation
score, rather than to ensure equality of numbexsden each deprivation categdty.
Some very small postcode sectors were excludedlamibt have a score. The index was
designed with the expectation that it would be aned by direct measurement of

household income if that were possible.
The four variables measured were:
1. The degree of overcrowding

This was defined as the number of persons in @ikatiseholds living at a
density of more than one person per room as a propmf all persons in

private households
2. Level of Male unemployment

This is the proportion of economically active maldso are seeking work in

that postcode sector.
3. Proportion in Social class IV or V

This is the proportion of all persons in privataiseholds where the head of
household was deemed to be in social class IV acdbrding to the Registrar

General’s social class scheme outlined previously.
4. Ownership of a car
The proportion of all persons in private househeolith no car
All the proportions are calculated using the hoosshin a given postcode sector.

As suggested by the above, area based indicatoosiatcfor the socioeconomic conditions
of an area, and therefore can have an independ&rgnce on health. Recently, the

concept that over and above individual charactesisthe place where a person lives can
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affect their health, has received more attentidre flace where a person lives can be
defined as a neighbourhood, a city, region, or tyustudies that have investigated “area
effects” tend to find smaller associations relatte the size of individual SED effects. It is
unclear if the association between area level nreasaf socioeconomic circumstances,
and health outcomes, are related to the socioedorwraracteristics of where people live
independently of the (lifetime) characteristich# people living in these area®ne
difficulty in disentangling this question is thata based measures are often based on
individual level data. One disadvantage of areasmess is that they are often used as
proxies for individual level indicators when thege not available. In such a situation,
given the misclassification of individual socioeoamic circumstances when measured by
area characteristics, the association with a désesdgkely to be underestimated. The larger
the areas the greater the misclassification willlibeny analyses | will utilise both the

Carstairs Morris index and occupational socialctasminimise this misclassification.

Before discussing other measures of SED it is wooting that the Carstairs Morris index
is not the only area based measure available. dha3end deprivation ind&% Jarman or
Underprivileged area scdfeare conceptually similar to the Carstairs scoteyTare area
based scores constructed from census variableargaaimilar to the Carstairs score. For
example, the Townsend index uses four variablesptbportion of unemployment
amongst the ages of 16-64, proportion of non-owaceupied households, car ownership
and overcrowding. The Breadline Britain Index iglslly different in that it includes
variables such as proportion of individuals withdderm iliness and lone parent
households? These other area based measures have been ubediierature surrounding
SED and CVD. In particular, the Townsend deprivaiimdex is commonly used in studies
based in England. However, despite their differepna# of these area based scores share
the same limitations as the Carstairs Morris indéR respect to misclassification and

potential difficulties in extrapolating resultsttte level of the individual.
Other measures of socioeconomic deprivation

Other measures of SED are used by researchergupanty in the field of cardiovascular
disease. The most common of these are income aeddokeducation. As these will not be
utilised in the analyses conducted during thisiths®y are discussed here in brief,
however, they are worthy of note due to their widead use in the cardiovascular
literature. They have been used in multiple prtades of the relationship between SED

and cardiovascular disease particularly in Northefina.
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Income enables an individual to purchase goodssandces, such as education and health
care, which may impact on health. Income also alowlividuals to purchase items such
as better food and shelter. It may also be bemgticiough the purchase of material goods
relevant to participation in a society, thus fasighigher self esteem in an individual, an
example would be membership of a social group sisci sports clubincome has
limitations as a measure. Poor health may lead foability to work and lower income
which may lead to reverse causality in epidemiaabstudies. However, the measurement
of income is complex as individual or family incorren be measured. Income may be
adjusted for family size. Income can also come faiher sources. For example, income
can contribute to wealth over and above the primage in the house, through non-
monetary income such as benefits, and, an accdtzk oelief measures enjoyed by an
individual may need to be included to fully detemmincome. One final limitation of
income as a measure of SED is the high rates ofegponse in relation to income related
questions, which is reported at approximately 1B%ome is particularly favoured as a
measure of SED in North America as the health sgséem is not a universal access for all
system such as the National Health Service (NH#®)arJK, therefore, the treatment an
individual receives may be directly related to ttadiility to pay for access to health care

services.

Education is a widely used measure of SED in epidiegical studie$. Questions on
educational attainment have very low rates of response in comparison to those on
income and questions are rarely complex. Educatiay also reflect future employment
and income. As level of education is fixed afteuyg adulthood it is not influenced by
poor health in adulthood, as income may be, anetbes, is not likely to lead to reverse
causality. However, poor health in childhood magdi¢o lower educational attainment.
This is not the only limitation of education. Thene differences between birth cohorts in
level of education, so that the resulting social bahavioural correlates of education may

vary according to age.

Whilst there are many measures of SED, no one measn adequately measure or
capture the entire multidimensional construct beétie term socioeconomic status. In a
recent study of SED in health research Braveatai'® concluded that socioeconomic
deprivation should be measured by as many relewaasures as possible, and, include
individual and area based measures. Whilst itke@wledged that no one measure is
perfect, by examining health effects using multipleasures, the unmeasured

socioeconomic effects are lessened.
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Socioeconomic deprivation and health in the UK

Before moving on to examine the relationship betw8ED and CVD, it is worth
recounting the relationship between SED and gemeath and well being, and, the
political agenda in the UK. This has set the sdenéhe current interest in health

inequalities and government policy is one of thg @avers to reduce such inequities.

The NHS was launched in the UK on 5 July 1948 \&itjuiding principle that health care
should be available to all irrespective of wealthus, one of its aims was to redress health
inequalities through the provision of a universgdlth care system. However, subsequent
Government reports noted that the NHS appeared failing in its aim of reducing

inequalities in health when evidence of wideningltieinequalities began to emer§e.

The current interest in social inequalities is dni\by recent reports in the UK. In the
1980s the existence of health inequalities was testyagnored by the then Conservative
government who labelled such inequalities ‘variagio explained by statistical artefacts or
the fault of those who suffered as a result of theanthermore, the magnitude and
underlying meaning of the difference was ignoreisTs best exemplified by the
persistent refusal to acknowledge the findingsef‘Black Report’, and by attempts to
bury it by publishing it on the August bank holidayl980 and producing only 260 copies.
The report, by Sir Douglas Black, was not recemedl as noted by the foreword by the
then Secretary of State, Patrick Jenkin. In hisi@mrd he noted that:

“they (Sir Douglas’ group) make clear, the influehe¢ work in explaining the relative
health experience of different parts of our socaty many and interrelated....... It will
come as a disappointment to many that over longgsrsince the inception of the NHS
there is generally little sign of health inequadgiin Britain actually diminishing and in
some cases, they may be increasing. It will be ge#rthe Group has reached the view
that the causes of health inequalities are so a@eefed that only a major and wide-
ranging programme of public expenditure is capaiflaltering the pattern. | must make it
clear that additional expenditure on the scale whgould result from the report's
recommendations - the amount involved could be tgsvaf £2 billion a year - is quite
unrealistic in present or any foreseeable econammumstances....... | cannot, therefore,
endorse the Group's recommendations. | am makegeport available for discussion,

but without any commitment by the Government tpriigposals”.
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The inequalities in death rates according to SED were described in the Black report
were therefore to be left un-tackled. A major isaih the Black report was the inability

of the authors to disentangle why these inequslitiere present. One explanation was that
they were due to artefact and it is on this exgianahat the Government of the day

seized.

However, the Black report was not the only reploat documented the inequalities in
health in UK society. Following a change of goveemthin 1997 to that of Labour health
inequalities became an important issue. The Inddgr@ninquiry into Inequalities in Health
— ‘The Acheson Repoff chaired by Sir Donald Acheson, reviewed the ewidenf the
most effective action to reduce health inequalifidss report also reinforced the findings
of the Black report that health inequalities weik widening and were evident across all
aspects of health. More reports on the health ialitées in the UK have followetfand in

Scotland similar reports of health inequalitie®asist*® 2

Socioeconomic deprivation and Scotland

On the &' of May 1999 Scotland underwent devolution from itesster. Devolved
powers included: health, education, local goverrirsotial work, housing, planning, the
environment, sport, arts, agriculture, forestryd &shing. Some aspects of law, home
affairs and transport were also devolved. Healgiralities in Scotland had been well
documented® It has been documented that of the “worst offionill people in the UK in
terms of health, 52% of these individuals werenkivin Scotland. Mortality rates in
Scotland’s local authority areas with the worstltheaere twice as high as the UK
average. Inequalities in health also existed wigotland. The rate of coronary heart
disease mortality was two and a half times highéhé most deprived versus the least
deprived. In 1998, a comprehensive report lookdteatth and health services in Scotland
through from a health inequalities point of viéiwUsing NHS data, it highlighted
substantial inequalities both in the distributiowdaccess to health care for all the major
health issues (mental health, coronary heart dissaioke, and cancer). As expected the
most deprived communities experienced the wordtthaad least access to care, re-
affirming the inverse care law of Tudor-Hart, tktiz¢ availability of good medical care

tends to vary inversely with the need of the popaeserved?
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Summary

Socioeconomic deprivation is a complex construdtiwvimot only refers to poverty. The
theoretical basis of SED is founded on two phil¢sog@l schools of thought that have
guided the development of measures of SED. ThesRagiGeneral's social class scheme,
an individual measure of SED, and the Carstairsriglandex, an area based measure of
SED will be used in this thesis. The relationsrepAeen SED and health has been the
subject of much interest in the last few decadelsdififerences in health, between the most
deprived and least deprived members of societye baen documented in Scotland and
throughout the UK.

The relationship between cardiovascular diseapavriticular and socioeconomic
deprivation has also been studied. Prior studigs heported that in those with
cardiovascular disease, the prevalence of socieacicrdeprivation is higher. The
distribution of SED in relation to prevalent diseas perhaps the best studied aspect of the
association between SED and cardiovascular dis8aseval and case fatality in those
with cardiovascular disease has also been studbelywHowever, much less is known
about the association between SED and incidentamarscular disease. In the next chapter
| will review the literature surrounding the retatship between SED and cardiovascular
disease. | will focus on studies of incidence amgsequent mortality as well as
cardiovascular mortality. | will review the litetae surround the relationship between
SED and recurrent cardiovascular events before iewagnthe impact of SED on the

burden and cost of cardiovascular disease.
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Socioeconomic Deprivation and Cardiovascular

Disease

This chapter will examine the literature surroumggdihe relationship between SED and
cardiovascular disease. The literature surrounttiagprevalence of cardiovascular disease
runs to hundreds of manuscripts and has been exténeeviewed in a seminal American
Heart Association (AHA) Medical/Scientific Statemdy Kaplan and Keil in 1998

Rather than replicate that study of the literatusdl instead concentrate on the areas of
the relationship between SED and CVD that arevesdkstudied. It is these understudied
areas that the present thesis aims to addresH.dlsad focus on more recent studies,
published after 1998 and where possible cite stuidaeen Scotland or the UK.

MEDLINE, CINAHL and EMBASE were searched for aréslpublished between January
1998 and January 2009. A generic search strategygidix 1) was written in MEDLINE
with appropriate synonyms used to search CINHAL BMBASE. The grey literature was
searched using the terms ‘Socioeconomic DeprivatiofHealth Inequalities’ and
‘cardiovascular disease’. Reference lists of setbatticles were reviewed and citation
checks carried out to identify further potentia®yevant studies. A number of exclusions
were applied. Studies employing a life course apgiavere not examined as the aim of
the present studies was not to examine the rekdtiproetween CVD and SED over a
lifetime but rather adult SED and CVD. Some stadikso included “softer” event types
such as coronary artery spasm in their compostmmes and were therefore excludéd.
Finally, studies that examined the relationshipdeein SED and cardiovascular disease in
developing countries or countries currently undergaohe epidemiologic transition were
excluded. In these countries a positive associdt@ween SED and CVD is observed i.e.
the most socioeconomically deprived exhibit thedetwisk of diseas®.In the UK, this
association was present until the middle of thedastury for CVD? However, the
association has now reversed and the most depaine=dt higher risk. In light of this, the
findings of studies in developing countries arakaly to be generalisable to the UK

population.
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Socioeconomic deprivation and coronary heart diseas e

Coronary heart disease mortality

All cause mortality has been related to SED siheelid’ century®® and these inequalities
persist! Cardiovascular mortality is also inversely relate SED* Higher mortality rates
are consistently found in the most deprived indiaid®*3*Importantly coronary heart
disease is one of the main contributors to the &xogortality in the most

socioeconomically deprived groups.

Coronary heart disease mortality is consistentijhér in the most deprived, an
observation that was reported in the middle ofldise century’®*° Studies from
Sweder**’ Finland® DenamrR®, Norway*®, UK?® and Scotlantt and a number of other

European countries ( Belgium, ltaly, Spain, Swieed,*?)

have all reported this
association. Studies from other developed counatiesnd the world such as the USA?
Japaf®, Australid® and New Zealarfd also exist and confirm the association. These
studies are broadly similar in that the most degatiare at higher risk of CHD death over
follow up regardless of the measure of SED usedvaver, such studies have been based
on population level data, thus, are unable to fatlgrect for cardiovascular risk

factors?®*344or, have been limited to m&mor womert.

A few studies are however, worthy of more scrutitNo review of the literature on the
relationship between SED and coronary mortalitylddie complete without referring to
the seminal Whitehall study. In this study 17,580 servants, between the age of 40 and
64, were screened for the prevalence of coronaayt lesease. The prevalence of angina
was nearly 53% higher in the most deprived indigidythose on the lowest employment
grade) as compared to the least deprived (the sigtmeployment grade). After follow up
for 10 years the mortality rate from coronary heisease was 3.6 times higher in the most
versus least deprivél Since this study multiple studies (outlined abdveye reported
similar findings and a repeat sample of civil setgathe Whitehall Il study, reported that
these inequalities persist. The finding has alsmbeplicated in women. The gradient of
risk seen in women may be weaker than that in th&ome authors suggest that up to a
quarter of coronary deaths in the UK are attriblatad» higher levels of socioeconomic
deprivation®® Recently in a large study of European coronastiieates, Avendano and
colleagues? demonstrated a clear excess of coronary deathsgahthe most deprived

members of each society. In contrast to lung cawbere the gradient followed smoking
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trends, the trends in coronary mortality did notkéeping with other studies the strongest
trends were seen in women. Interestingly, they eskthat socioeconomic disparities in
coronary mortality were higher in northern Europeauantries as compared to southern

countries.

A number of studies have examined the relationsbtgreen SED and CHD mortality in
Scotland****?However, as with studies from other countries theyall limited by the
inability of the authors to adjust for cardiovasuauiisk factors as the studies have all used
administrative data sources, which do not holdrimfation on patient risk factor profiles.
Finally, and perhaps most worryingly, data from 8 suggests that difference in CHD
mortality by SED, as measured by neighbourhooi, fact widening® This finding has

now been observed in Scotlatd.
Coronary heart disease incidence

Whilst much has been written on the relationshiggveen SED and CHD mortality, very
little has been published in relation to non-f&&lD. Studies are consistent in that they all
report that the most deprived individuals displaghler rates of coronary heart disease,
though exceptions in the literature do e¥istvhether SED is measured by individual
measures such as education or social class or armtba based measures are examined,

consistent results are obtained (Table 2).

Studies have tended to included non-fatal CHD aisgia composite outcome with fatal
events. This makes disentangling the relationsatpeen SED and non-fatal CHD
difficult. However, as can be seen from Table R|yfa@onsistent results are obtained
regardless of the measure of SED utilised. Adjustrf@ cardiovascular risk factors is not
comparable between studies, though it is conslgtesphorted that adjustment attenuates,

but does not remove, the association between SHIT&ID.

The study by Sundquist aP* merits further exploration. It has a number oésgths.

Firstly the size of the sample is large, the erineedish population between the ages of 40
-64 years amounting to 2.6 million people. Theyev@ilowed using an administrative
hospital discharge database which is highly aceuttincluded both men and women and
it used two measures of SED, and individual onegnme, and, an area based measure.
They reported that after accounting for individungiome, the odds of developing CHD

was 1.87 (95% CI 1.72 - 2.03) in women and 1.424851.35 - 1.49) in men. However,

as this was an administrative database only agsexd/ere adjusted for in the analyses.
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Two other studie$*®have overcome this limitation and adjusted forrisk factors that
are classically associated with cardiovascular, agie, sex, smoking, diabetes, blood
pressure and cholesterol. They both reported thatation was not associated with a
higher risk of fatal or non-fatal CHD, especialfyea adjustment, however, Thursteh

al® found that income was associated with a high&raiter adjustment for the traditional
cardiovascular risk factors in both men and women.
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Table 2 Summary of the literature on socioeconomic

deprivation and the association with fatal and non-

fatal coronary heart disease

Study Design Outcome Measure of SED Unadjusted Adjusted Adjustment
Winkleby’ Prospective cohort Fatal / non-fatal CHD Neighboaih Men 1.7(1.53-1.88) 1.36 (1.22-1.52) Age, marital status,
Sweden Women 1.56(1.23- 1.33 (1.08-1.65) family income,

1.74) education, immigration
status, mobility,
urban/rural area

Sundquist’ Prospective cohort Fatal / non- fatal CHD  Neighihowd 1.38 (1.13-1.69) Age, sex
Sweden education
Neighbourhood 1.36 (1.11-1.66)
income
Rosengrefl Prospective cohort  Fatal/ non-fatal CHD Social Class P=not significant
Sweden (Men)
Embersor® Prospective cohort  Fatal CHD/ non fatal ~ Social Class 1.41 (1.21-1.64) 1.23 (1.05-1.44) Snyplsystolic blood
UK (Men) Ml pressure, cholesterol,
BMI, physical activity,
alcohol, FEV1
Picciotto® Prospective cohort Incidence of fatal/ nonNeighbourhood Men Age
ltaly fatal CHD 1.4 (1.3-1.5)
Women
1.78 (1.60-1.98)
Sundquist! Administrative Non- fatal CHD Income 1.75 (1.65-1.85) 1.70 (1.60-1.79) Age, income and
Sweden database neighbourhood
Neighbourhood 2.02 (1.86-2.20) 1.87 (1.72-2.03) deprivation.
Thurstonr® Prospective cohort Fatal/ non-fatal CHD Education Men Men Systolic and diastolic
USA 1.58 (1.18-2.12) 1.29 (0.90-1.74) blood pressure,

Women Women hypertension, cholesterol,

2.15(1.46-3.17) 1.61 (1.08-2.39) BMI, diabetes, smoking,
alcohol, activity, marital

Income Men Men status, ethnicity

1.40 (1.11-1.76) 1.35(1.06-1.71)

Women Women

1.64 (1.31-2.05) 1.40 (1.10-1.79)

Yarnelf® Prospective cohort Fatal/ non-fatal CHD Educatioogt vs.  0.72 (0.73-0.98) 0.9 (0.65-1.24) Age, smoking, s

Ireland and France

least)

blood pressure, diabetes,
BMI, cholesterol,
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Morris®
UK

Prospective cohort
(Men)

Fatal/non-fatal CHD

Neighbourhood

1.55(1.19-2.00)

2210.93-1.59)

fibrinogen, study site
Marital status, Housing,

car ownership, social

networks, social class
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Socioeconomic deprivation and myocardial infarction

Myocardial infarction incidence

It is perhaps unsurprising that most research emdfationship between SED and
cardiovascular disease has focussed on myocandatiion (MI). Socioeconomic
deprivation is associated with an increased riskipdcardial infarction (Table 3). This
association again has been demonstrated in a nwhbeuntries through a number of
years (see Table 3). The association was exammacdumber of the MONICA
(Multinational Monitoring of Trends and Determinamf Cardiovascular Disease) cohorts.
For example, in Glasgow, Scotland, the age adjustiative rate of myocardial infarction
was 1.74 (95%CI 1.58-1.91) in the most versus ldagtived men with the least deprived
being less likely to survive to reach hospital @l{fege adjusted odds most versus least
deprived 0.93 (0.87-0.995J.As noted above the same pattern was seen in wbmtehe
gradient was steeper (age adjusted relative rast veosus least deprived 2.34(1.98-
2.76)), and again the most deprived were lessylitceteach hospital alive (age adjusted
odds 0.94(0.85-1.05)). In the Finnish MONICA stgilyilar patterns were observed when
education and income were used as measures of i5&@hirast to the area-based measure
of SED used in the Scottish stutfy?>However, both studies, being registry based, daile
to adjust for the traditional cardiovascular rigktbrs such as smoking, blood pressure,
diabetes and cholesterol, a major limitation okthetherwise informative studies. As can
be seen from Table 3 many studies have failed ¢gaately adjust for all cardiovascular
risk factors or have examined the incidence of Mtanjunction with all cause mortality

or in other composite outcomes.

A number of studies, including that of Morrisehaf* have been conducted in Scotland.
Each study has utilised a hospital discharge datatihe Scottish Morbidity Record
Scheme [SMR]) which records all discharges from NtéSpitals in Scotland. Each have
employed slightly different methods, and examindféibnt outcomes. In one study the
likelihood of reaching hospital alive was lowettlre most deprived versus the least
deprived as measured by Carstairs Morris index ([E&%in deprived men and 3% in
deprived women§? In another study of all fatal Mis occurring in $lead between 1986-
1995 the risk was highest in the deprived and thdignt appears steeper in younger
women®® A recent study examining all discharges where pfieared in any of the

diagnoses at discharge and all coronary heartsbsgeaths, confirmed this finding,
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however, the use of such broad inclusion critergenextrapolation of these results
difficult. %

More recently, the INTERHEART studY/ confirmed that a number of risk factors,
psychosocial factors (stress, stressful life eyggsceived locus of control and
depression), apolipoprotein B/apolipoprotein Alaahypertension, diabetes, smoking,
exercise, vegetables and fruits, alcohol consumgtiad abdominal obesity) were
responsible for the majority of cases of myocarufitdrction. In a study that added
education into the collection of explanatory valesh SED as measured by education was

a significant risk facto?®
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Table 3 Summary of the literature on socioeconomic

deprivation and incidence of Ml (including studies

where Ml was part of a composite outcome)

Study Design Outcome Measure of SED Unadjusted Adjusted Adjustment
Stjarn&® Prospective cohort Non-fatal Ml Social class indéx Age Age, individual level
Sweden area Men 1.50 (1.12-2.00) Men 1.19 (0.88-1.62) socioeconomic status,
Women 1.94 (1.22- Women 1.60 (0.96- education, employment
3.09) 2.66) status, marital status,
ethnicity
Hallqvist™® Prospective cohort Fatal / non-fatal Ml Social slas Men 1.99 (1.58-2.53) Age
Sweden Women 2.34 (1.52-
3.61)
Embersor® Prospective cohort  Fatal CHD/ non fatal ~ Social Class 1.41 (1.21-1.64) 1.23 (1.05-1.44) Snyplsystolic blood
UK (Men) MI pressure, cholesterol,
BMI, physical activity,
alcohol, FEV1
Albert™ Prospective cohort  Cardiovascular death Age and race Age, race, BMI,
USA (Women) or Non-fatal Ml/stroke Education (mostvs. 0.5 (0.3-0.7) 0.8 (0.5-1.2) smoking, hypertension,
or revascularisation least) diabetes, LDL and HDL
Income (most vs. 0.4 (0.3-0.7) 0.8 (0.5-1.2) cholesterol, triglycerides,
least) hormone use, family
history of CHD, alcohol,
activity, CRP, ICAM,
fibrinogen, homocysteine
Diex-Roux? Prospective cohort Fatal CHD/ non-fatal Neighbourhood Age and study site Smoking, activity,
USA Ml White White hypertension, diabetes,
2.1 (1.6-2.8) 1.6 (1.1-2.2) LDL and HDL
Black Black cholesterol, BMI
1.7 (1.2-2.3) 1.5 (1.0-2.3)
Morrisont* Registry Fatal/ non-fatal Ml Neighbourhood Men 1.74 (1.58-1.91)
Scotland (Carstairs) Women 1.28 (1.22-
1.24)
Saloma&’t Registry Incident MI Income Men 1.67 (1.57-1.78) Study area, urban/rural
Finland Women 1.52 (1.38- residence
1.68)
Education Men 1.48 (1.40-1.55)
Women 1.65 (1.48-
1.83)
Rosé?® Prospective cohort Non fatal Ml Neighbourhood dRlanen
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USA

Davie$®
Scotland
Rosengre®?
Multinational*

Macintyre®
Scotland

Administrative Fatal CHD/Non fatal
database Ml

Multiple case control Non fatal Ml
cohorts

Administrative Fatal Ml

database

Neighbourhood

Education

Neighbourhood
(Carstairs)

1.63(1.20-2.06)
Black women
2.14(1.69-2.58)
White men
1.24(1.07-1.41)
White women
1.79(1.58-2.00)
1990-92
2000-02

1.74(1.58-1.92)
1.94(1.76-2.15)
1.95(1.71-2.21)

Menzt

<65 years RR 1.93
65-74 RR 1.39
>75RR 1.08
Woment

<65 years RR 2.58
65-74 RR 1.50
>75RR 1.12

Age, s@sychosocial
factors (stress, stressful
life events, perceived
locus of control and
depression),
apolipoprotein
B/apolipoprotein Al
ratio, hypertension,
diabetes, smoking,
exercise, vegetables and
fruits, alcohol
consumption,
abdominal obesity, and
region

t Duplicate study* not included, * Results from high income countedy included, tEstimated from figures given
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Myocardial infarction and case fatality

Similarly survival following a myocardial infarctiovaried according to SED in the
MONICA studies®™*®3In the Glasgow MONICA cohort the rate of CHD deithospital
was not different according to SED, though CHD malitst following discharge wa% It is
in the setting of post infarction survival that msgidies are concentrated (Table 4). As
noted previously, the most deprived have highessraf adverse risk factof$Most of
these studies have used well characterised mermabeggistries and therefore are able to
adjust for cardiovascular risk factors. Howevespite this many studies have found that
after adjustment the relationship is attenuateslitth and extent that it becomes non-
significant/>”"" Multiple studies have tried to explain this asation. Some studies would
suggest that the most deprived receive the le@sessjve pharmacotherdfythe least

79,80

follow up’®®°and lower rates of revascularisatféi®
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Table 4 Summary of the literature on socioeconomic deprivation and case fatality following a myocardia | infarction
Study Design Outcome Measure of SED Unadjusted Adjusted Adjustment
Gerber Prospective cohort Mortality following MI Income 2.64 (1.92-3.63) 1.58 (1.13-2.21) Age, sex, smoking,
Israel hypertension, diabetes,
physical activity, Ml
IHD mortality severity, ejection
following Ml 2.68 (1.79-4.01) 1.52 (1.02-2.31) fraction, killip class,
anterior M|, admission to
intensive care,
comorbidity index,
coronary angiography,
angioplasty,
thrombolysis, aspirin,
beta blockers, race,
employment status
Gerward? Registry 28 day survival Neighbourhood 1.25 (1.03-1.52) Age and sex
Sweden following Ml
Engstronf® Prospective cohort 3 year survival Neighbourhood *Men R=0.6, p<0.01
Sweden following Ml *Women R=0.37,
p=0.35
Pilote’® Administrative MI mortality Neighbourhood Quebec, Ontario, 30 Age, sex, comorbidities,
Canada database day — NS, 1year- hospital
NS
British Columbia 30
day — NS, 1 year
1.18(1.09-1.28)
Income or All areas, 30 day and
employment rate or 1 year — NS
education or
population size,
average rent
Stjarné&® Case Control Case fatality at 28 daybleighbourhood Age adjusted
Sweden (Carstairs) Men 0.98 (0.90-1.07)

Women 1.01 (0.89-
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Alter®
USA

Alter®®
USA

Gerbef®
USA

Rao
USA

Rosvalf®
Sweden

Chand’
Canada

Cesan®¥
Italy
Rasmusséei
Denmark

Prospective cohort

Registry

Prospective cohort

Retrospective cohort

Registry

Retrospective cohort

Registry

Registry

2 year post Ml

mortality

1 year MI mortality

Post MI mortality

30 day case fatality
following Ml

1 year mortality
following Ml

5 year mortality post
M

1 year mortality post
M

28 day post Ml

mortality
30 day case fatality

Income (high vs.
low)

Neighbourhood
income (high vs.
low)

Neighbourhood
income

Education

Income of area

Income

Neighbourhood

median income (per

$10,000 increase)

Social Class

Income
Education

1.16)
0.45 (0.35-0.57)

2.10 (1.42-3.12)

2.21 (1.47-3.32)

0.87 (0.83-0.90)

2.46 (1.52-3.99)

0.62 (0.48-0.74)
0.77 (0.54-1.10)

0.90 (0.86-0.94)

1.62 (1.08-2.45)

1.01 (0.65-1.58)

Low vs. middle
1.09 (1.04-1.13)
High vs. middle
0.89 (0.85-0.94)
Low vs. middle
1.05 (1.0-1.10)
High vs. middle
0.92(0.88-0.97)
Men
1.63 (1.51-1.77)
Women
1.44 (1.27-1.63)
0.94(0.91-0.98)

1.54 (1.36-1.79)
1.24 (1.03-1.50)

Age, sex, ethnicity,
psychosocial factors and
pre-existing
cardiovascular diseases
Age, sex, specialty of
admitting physician,
hospital
Age, sex, race,
comorbidities, ejection
fraction, hypertension,
hypercholesterolaemia,
smoking, BMI, beta
blocker, aspirin, statin,
angioplasty, bypass
surgery, ST elevation
Age, sex, ethnicity,
smoker, diabetes,
mobility, past history of
Ml or CABG,
hypertension, stroke,
COPD, dementia,
hospital, treatment and
revascularisation.
Age

Age, sex, diabetes
hypertension,
hypercholesterolaemia,
cancer, peripheral

vascular disease, past Ml.

Age, sex, year, civil
status, comorbidity,
education or income.
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>31 days Income 1.65 (1.45-1.85)

Education 1.33(1.11-1.59)
Bernheinf’ Cohort 1 year mortality Income 2.80 (1.37-5.72) 1.19 (0.54-2.62) Age, sex, ethnicity,
USA health insurance,
smoking, diabetes,
hypertension,
hypercholesterolemia,
COAD, HF, ejection
fraction <40%
Picciotto® Prospective cohort 28 day case fatality Neighbourhood Men Age
Italy post Ml 0.91 (0.69-1.19)
Women
1.35(0.94-1.94)
1 year case fatality Men Age, co morbidities,
post Ml 1.23 (0.86-1.75) angioplasty
Women

1.36 (0.85-2.17)

28 day case fatality Education Men

post Mi 1.22 (0.95-1.56)
Women
1.31 (0.91-1.88)

1 year case fatality Men

post Mi 1.02 (0.75-1.38)
Women

1.02 (0.64-1.62)

Saloma&’t Registry 28 day case fatality  Income Men 3.18 (2.82-3.58) Study area, urban/rural
Finland following Ml Women 2.17 (1.76- residence
2.68)
Education Men 1.92 (1.74-2.11)
Women 2.43 (1.91-
3.09)
1 year case fatality Income Men 3.18 (2.84-3.55)
following Ml Women 2.15 (1.77-
2.62)
Education Men 1.87 (1.71-2.05)
Women 2.34 (1.88-



Morrisort?
Scotland

Macintyre®®
Scotland

Chaix®
Sweden
Tonne®
USA

Manderback¥
Finland

Registry

Administrative
database

Prospective cohort

Prospective cohort

Administrative
database

28 day CHD case
fatality

30 day case fatality

Post MI IHD case
fatality
MI case fatality

Post MI 2 year CHD
case fatality

28 day case fatality

Neighbourhood
(Carstairs)

Neighbourhood
(Carstairs)

Neighbourhood

Neighbourhood

Income

Ment
<65 years RR 1.96
65-74 RR 1.29
>75 RR 1.02
Womeni
<65 years RR 2.62
65-74 RR 1.40
>75RR 1.23

1.40 (0.71-2.85)

geAand sex
1.55 (1.24-1.93)

Age

Men 1.39(1.18-1.63)
Women 1.26(1.02-
1.55)

Men 1.94(1.81-2.08)
Women 1.49(1.34-
1.67)

2.92)

Men 0.98 (0.90-1.07) Age

Women 1.01 (0.89-
1.16)

1.38 (1.14-1.67)

Men 1.35(1.15-1.59)
Women 1.17(0.95-
1.43)

Men 1.93(1.80-2.07)
Women 1.44(1.29-
1.61)

Age, sex, hospital, AF,
heart failure, shock,
angina, Q-waves,
hypertension, diabetes,
stroke, past Ml and age-
sex interaction

Age, heart failure,
arrhythmia, hypertension,
diabetes, asthma and
chronic obstructive
pulmonary disease,
severe mental disorders,
thyroid insufficiency,
multiple sclerosis,
Parkinson’s disease,
epilepsy, malignant
tumours, sarcoidosis,
rheumatoid arthritis,
ulcerative colitis,
Crohn’s disease, and
gouty arthritis

** Correlation coefficient fEstimated from figurgs/en
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Recurrence of myocardial infarction

Following from this, despite there being a largeyoof literature on the epidemiology of
recurrent myocardial infarction, there are vergditlata on the association between SED
and recurrent infarction (Table 5). One study didreine recurrent ischaemic events
(Death, Ml or unstable angina) following a non-fatd according to SED? Interestingly
the authors reported that after adjustment for sge, diabetes, race, treatment with aspirin
and thrombolysis and left ventricular failure tltjussted risk of an event in the most
versus the least deprived was 1.59 (95% CI 1.08)2After further adjustment for the use
of secondary prevention (aspirin and beta-blockatrsljscharge the association became
non-significant 1.78 (0.80 -3.99). This would supigbe hypothesis of others that the
differential survival post Ml by SED is explained 8ifferential treatment following the
event’®**However, as noted above not all authors have fahisdn relation to case

fatality.®*

In another study by Schefflet aP* of the Kaiser Permanente Health Insurance Database
in California USA, the rate of recurrent fatal ammafatal MI was lower with increasing
income (HR 0.94 95%CI 0.91-0.97) after adjustmensEx, race, age, measures of
income inequality of an area, societal capital eweg mix of an area. After further
adjustment for past medical history and pharmacagheincluding revascularisation
therapy the association persisted (HR 0.97 95%@3-0.00).

As can bee seen from Table 5, inconsistent rebaite been reported when the risk of
recurrent coronary events associated with SED das bxamined. This may be related to
the different populations, different outcomes (mahyvhich are composite outcomes) and

different methods of adjustment in the multivare@abiodels.
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Table 5 Summary of the literature on socioeconomic

deprivation and recurrent myocardial infarction and

coronary heart disease

Study Design Outcome Measure of SED Unadjusted Adjusted Adjustment
Pilote™ Administrative Readmission for Neighbourhood or All areas, 30 day and Age, sex, comorbidities,
Canada database MI/HF/Angina income or 1 year - NS hospital
employment rate or
education or
population size,
average rent
Schefflef* Administrative Recurrent acute Income 0.94(0.91-0.97) 0.97(0.95-1.00) Age, seseraocial
USA database coronary syndrome capital indices, medical
therapy, hypertension,
diabetes, depression,
stroke, heart failure,
peripheral vascular
disease, revascularisation
Barakai? Prospective cohort Readmission Neighbourhood
UK Angina/MI/Death (Carstairs)
30 days 1.54(1.02-2.32) 1.56(1.01-2.39) Age, sex, race
31 days to 1 year 1.02(0.66-1.60) 1.05(0.66-1.67)
30 days 1.60(1.04-2.48) Age, sex, race
diabetes, aspirin and
31 days to 1 year 1.08(0.68-1.71) thrombolysis use
30 days 1.59(1.03-2.44) Age, sex, race
LVF
31 days to 1 year 1.07(0.68-1.70)
30 days 1.78(0.80-3.99) Age, sex, race
discharge aspirin and
31 days to 1 year 1.00(0.63-1.59) betablockers
Rad® Trial registry Death or recurrent Ml Income 3G/sla Age, weight, height,
USA 1.3(0.8-2.1) smoking, systolic blood
6 month pressure, heart rate,
1.4 (0.9-2.1) presence of rales, time to

treatment
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Bernheind’ Prospective cohort Post Ml all cause Income 1.55 (1.17-2.05) 1.36 (1.01-1.89) Age, sghmicity,
USA rehospitalisation at 1 health insurance,
year smoking, diabetes,
hypertension,
hypercholesterolaemia,
COAD, CHF, ejection
fraction <40%

Picciotto® Prospective cohort 1 year Ml Neighbourhood Men Age, comorbidities,
Italy rehospitalisation 1.06 (0.63-1.78) angioplasty
Women
0.94 (0.44-1.98)
1 year other CVD Men
rehospitalisation 0.93(0.74-1.17)
Women

0.99 (0.68-1.42)

1 year Ml Education Men
rehospitalisation 0.83 (0.56-1.25)
Women
1.39 (0.61-3.18)
1 year other CVD Men
rehospitalisation 0.98 (0.81-1.19)
Women

1.03 (0.73-1.47)




Socioeconomic deprivation and stroke

The relationship between stroke and SED has be#rstwdied in relation to mortality and
case fatality or survival. The incidence of strakel its relation to SED has also been
studied. As with coronary heart disease, the wiatiip between SED and stroke is inverse
i.e. the most deprived suffer from higher ratestafke, higher case fatality and higher

stroke mortality.

Stroke mortality

Stroke mortality is higher in the most deprived nbens of a number of societies including
Europé®, USA®® and Japah. In a study of 22 European countries the mortatitgs from
stroke was consistently higher in the most versaddast deprived members (as measured
by social class and education) of each socfelty.another international comparison by
Avendano and colleagu¥sthe association between SED (measured by edneht@vel

and occupational class) and stroke mortality, aggzeto be stronger than that for SED and
coronary mortality in six European societies. Maaryingly, in their study, they also
examined trends over time (comparing the periodl1B885 to 1991-1995), and found that
not only had inequalities persisted, but may havact widened in some societies.

Finally, Kunstet al’ reported in a further study on behalf of the EearpUnion Working
Group on Socioeconomic Inequalities in Health, thatrate of stroke mortality was
consistently higher in the most deprived versudehst deprived in 12 European

countries.

Stroke incidence

The association between SED and stroke incidene®dé@an examined in a number of
studies (Table 6). Irrespective of the measured $he most deprived are at higher risk
of experiencing an incident stroke. Many studiegehexamined both fatal and non-fatal
first strokes togethe?®'%*Most have used income as a measure of SED apaogertion

have incompletely adjusted for known risk factansdtroke.
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Stroke case fatality

It is not only the relationship between socioecoiwostatus and the development of stroke
that is understudied and thus unclear. The relglipnbetween stroke case fatality and
socioeconomic status has only been examined igsttbd term, at 30 days, or, 1 year at
most, though consistent results have been rep¢redale 7). As with studies of stroke
incidence, whilst results have been consistengpieetive of the measure of SED used,

most studies have failed to adjust for the majodicaascular risk factors.
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Table 6 Summary of the literature on socioeconomic

deprivation and stroke incidence

Study Design (all stroke Outcome Measure of SED Unadjusted Adjusted Adjustment
types unless stated)
Li*™® Prospective cohort Non fatal incidence Men: Income **1.37(1.06-1.58) 1.29(1.06-1.58) Age, marital status,
Sweden Social Class 1.62(1.16-2.28) 1.43(1.21-1.68) country of birth, housing
Women: Income 1.72(1.34-2.20) 1.75(1.36-2.25)
Social Class 3.14(1.61-6.11) 2.84(1.45-5.56)
Avendang® Prospective cohort Fatal/Non-fatal Age 65-74 Age and sex
USA incidence Education 2.07(1.04-4.13) Age, sex, race,
Income 2.08(1.01-4.27) 1.10(0.52-2.31) hypertension, smoking,
Age >75 diabetes, alcohol, BMI,
Education 0.42(0.22-0.79) activity, psychosocial
Income 0.43(0.22-0.86) 0.50(0.24-1.08) factors and functioning
level
Thrift® Prospective cohort Fatal incidence Index of relative 11.56
Australia Non-fatal incidence socioeconomic t1.91
disadvantage (area
based)
Kuper® Prospective cohort Fatal/Non-fatal Education Age adjusted Age, smoking, BMI,
Sweden incidence All stroke All stroke alcohol, hypertension,
2.1(1.4-2.9) 1.5(1.0-2.2) diabetes, exercise
Ischaemic stroke Ischaemic stroke
2.9(1.8-4.7) 2.2(1.3-3.7)
Haemorrhagic stroke Haemorrhagic stroke
1.4(0.7-2.7) 1.1(0.5-2.4)
Kleindorfer®” Prospective cohort Area based measure Age and sex
USA Fatal/Non-fatal All stroke TWhitel1.49
incidence Black1.49
Non-fatal incidence Hospitalised stroke ~ White 1.79
Blacks 1.78
Jakovljevic® Prospective cohort  Fatal/Non-fatal Income Age 25-59
inlan intracerebra incidence en 3.
Finland i bral incid tMen 3.22
haemorrhage) Women 3.37
Age 60-74
Menl1.37
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Jakovljevic®
Finland

Jakovljevic¢®
Finland

Wolfe!®
England
van Rossurt!
Holland

Hart'%!
Scotland

Hart®
Scotland

Gillum*®
USA

Prospective cohort
(ischaemic stroke)

Prospective cohort
(subarachnoid
haemorrhage)

Prospective cohort

Prospective cohort

Prospective cohort

Prospective cohort

Prospective cohort

Fatal/Non-fatal
incidence

Fatal/Non-fatal
incidence

Fatal/Non-fatal
incidence

Fatal/Non-fatal
incidence

Non-fatal incidence

Fatal/Non-fatal
incidence

Fatal/Non-fatal
incidence

Incomet

Income

Social class

Education (most vs.
least)

Social class (High vs.
low)

Social class
Carstairs Morris
Index

Social class

Carstairs Morris
Index

Education (most vs.

Women 0.84
Age 25-59
tMen 2.05
Women 1.96
Age 60-74
Menl.51
Women 1.63
T Age 25-44
Men3.37
Women3.71
Age45-59
Men 1.92
Women1l.36
Age 60-74
Men 1.24
Women1.18
1.65(1.21-2.23)

Age adjusted
0.18(0.02-1.28)

0.60(0.38-0.96)

Age adjusted
1.37(1.13-1.66)
1.17(0.96-1.42)

Age adjusted

Men 1.80(1.05-3.06)
Women 1.62(0.90-
2.89) Men 2.09(1.24-
3.54)

Women 2.27(1.42-
3.62)

Age adjusted

White

0.19(0.03-1.36)

0.57(0.26-1.24)

1.07(0.87-1.31)
0.96(0.79-1.18)

Age, blood pressure,
hypertension,
antihypertensive use,
smoking, CHD, AF,
diabetes BMI, alcohol,
fibrinogen, left
ventricular hypertrophy
Age, smoking, FEV1,
diastolic and systolic
blood pressure, height,
alcohol, history of CHD
Age, smoking, FEV1,

Men 1.31 (0.76-2.26) diastolic and systolic

Women 1.24(0.69-

blood pressure, height,

2.24) Men 1.58(0.93- BMI, diabetes, history of

2.69)

Women 1.72(1.07-
2.77)

Age adjusted
White

CHD



least)

Poverty index(most

vs. least poor)

Smits*? Prospective cohort Non-fatal incidence Area basedsure
Netherlands

Men 0.86(0.61-1.20) Men 1.03(0.72-1.46)
Women 0.60(0.42- Women 0.72(0.50-
0.86) 1.03)

Black

0.59(0.42-0.85)

White White
Men 0.64(0.46-0.88) Men 0.80(0.57-1.12)
Women 0.65(0.46- Women 0.74(0.52-

0.91) 1.05)
Black Black
0.62(0.41-0.95) 0.70(0.46-1.08)

1.27(1.08-1.51)

*multiple other measures all non significant (alaiplet agents, thrombolysis, blood glucose measen, temperature measurement, physiotherapy,

occupational therapy and speech therapy)

**Age adjusted

tconfidence interval not calculable from data pnése:

Fonly income shown due to wide confidence interf@atseducation
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Table 7 Summary of the literature on socioeconomic

deprivation and stroke case fatality

Study

Design(all stroke

types unless stated)

Outcome Measure of SED

Unadjusted

Adjusted

Adjustment

Saposnhik™
Canada

Arrich*
Austria

- 105
Li

Sweden

Weirt'®
Scotland

Caspef™®
USA
Aslanyart*’
Scotland

Kapraf'®
Canada

Jakovljevic®®
Finland

Retrospective cohort

Retrospective cohort

Prospective cohort

Prospective cohort

Retrospective cohort

Retrospective cohort

Retrospective cohort

Prospective cohort

(intracerebral
haemorrhage)

7 Day in hospital
fatality volume
Fatality at discharge

Case fatality

least)
Occupation
Income
Case fatality
28 day Men income
Women income
1 year Men income

Women income
6 month case fatality Carstairs Morris
6 month case fatality + index
institutional care
6 month case fatality

+dependency
Case fatality Social class
Case fatality Womersley score
Murray score

30 day case fatality Income
1 year case fatality

28 day case fatality Income

Income and hospital

Education (mest

0.71(0.44-1.14)

2.25(0.84-6.06)
0.96(0.38-2.39)

Non-significant
Non-significant

2.43(1.51-3.91)
hit&\2.3
tBlack 2.8

1.01(0.98-1.04)
1.03(0.94-1.13)

Age 25-59

Men 2.10(1.00-4.42)
Women 2.68(0.88-

8.19)
Age 60-74

Men 2.29(0.98-5.34)
Women 1.40(0.63-

3.13)

1.26(1.07-1.49)
1.27(1.11-1.45)

0.77(0.40-1.48)

1.17(0.39-3.49)
1.44(0.51-4.08)

3.13(1.35-7.24)
1.68(0.69-4.08)
2.17(1.18-4.00)
1.29(0.67-2.45)

1.89(1.09-3.30)

1.03(1.00-1.06)
1.09(0.99-1.19)

0.91(0.87-0.96)
0.95(0.92-0.99)

Age, sex, hospital of
admission, Charleson
score, hospital location
Age, sex, stroke severity,

Age, sex, history of
CHD, diabetes, stroke
type, onset in hospital,
function at admission,
systolic blood pressure,
neuroimaging

Age, sex, stroke severity,
blood pressure, subtype
and past medical history
Age, sex, comorbidity,
physician and hospital of
admission
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Jakovljevic®®
Finland

Jakovljevic®
Finland

Jakovljevic®
Finland

Jakovljevic¢®®
Finland

Jakovljevic¢®
Finland

Prospective cohort
(intracerebral
haemorrhage)

Prospective cohort
(ischaemic stroke)

Prospective cohort
(ischaemic stroke)

Prospective cohort
(subarachnoid
haemorrhage)

Prospective cohort
(subarachnoid
haemorrhage)

1 year case fatality

28 day case fatality

1 year case fatality

28 day case fatality

1 year case fatality

Income

Income *

Income *

Income

Income

Age 25-59
Men 2.12(1.02-4.40)
Women 2.43(0.80-
7.40)
Age 60-74
Men 2.40(1.04-5.55)
Women 1.15(0.52-
2.57)
Age 25-59
Men 2.61(1.46-4.68)
Women 1.53 (0.65-
3.60)
Age 60-74
Menl.62(1.03-2.54)
Women 1.53(0.89-
2.63)
Age 25-59
Men 2.41(1.48-3.93)
Women 1.81 (0.86-
3.80)
Age 60-74
Men1.48(1.06-2.07)
Women 1.58(1.03-
2.44)

Age 25-44 Age, study area, urban/
Men 3.88(1.87-8.05) rural residence
Women 1.09(0.41-

2.89)

Age 45-74

Men 1.05(0.67-1.64)
Women 1.68(1.00-
2.81)

Age 25-44 Age, study area, urban/
Men 4.25(2.05-8.78) rural residence
Women 1.14(0.43-

3.01)
Age 45-74
Men 1.07(0.67-1.70)
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Women 1.86(1.12-
3.10)

*multiple other measures all non significant (alaiplet agents, thrombolysis, blood glucose measen, temperature measurement, physiotherapy,
occupational therapy and speech therapy)

**Age adjusted

tconfidence not calculable from data presented

tonly income shown due to wide confidence interf@aisducation
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Recurrent stroke

The burden of recurrent stroke according to SEDnmadeen well studied (Table 8). The
risk of readmission following a stroke accordingSieD has only been examined in a small

number of studies. In a study by et al*%,

of men and women in Malmo, Sweden, despite
finding a relationship between SED and inciderdlstrand case fatality, after adjustment
for covariates (age, marital status, country afhbiand housing condition) they only found
that low income in women was associated with hightgs of readmission for stroke.
Some, but not all authors, have reported that steglverity varies by SED, as does access
to therapies such as physiotherapy, occupatioeahfly and carotid surgéry**?

However, length of stay does not seem to be retat&ED. Functional recovery may be
related to SED following a strok® and therefore, the burden of stroke is likely ¢o b

higher in the most deprived.

Table 8 Summary of the literature on socioeconomic deprivation and stroke recurrence

Study Design Outcome Measure of Unadjusted Adjusted Adjustment
SED
Aslanyari’’ Retrospective Readmission Womersley — 1.05(1.01- 1.06(1.02- Age, sex,
Scotland cohort any CVvD score 1.09) 1.10) stroke
Murray score 1.21(1.08- 1.23(1.10- severity,
1.35) 1.38) blood
pressure,
subtype
and past
medical
history
Li 1% Prospective  Recurrent ~ Men: Income 1.15(0.72-
Sweden cohort stroke Social Class 1.82)
1.00(0.46-
Women: 2.20)
Income 2.04(1.03-
Social Class 4.01)
2.78(0.70-
10.98)
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Socioeconomic deprivation and heart failure

The relationship between SED and heart failurénslarly understudied (Table 9). Given
that coronary heart disease is a major risk faotodeveloping heart failure and the
multiple studies outlined above relating SED tocooary heart disease it is surprising that
few studies have examined the relationship betveant failure and SED. A systematic
review by Blairet a?° published in 2001 identified only 8 relevant sasi{two of which
were published only in abstract form). Since tlegort only a handful of other studies
have addressed this relationship (Table 9).

The prevalence of heart failure clearly varies wibtisioeconomic status. In cross sectional
study from Scotland the prevalence of heart failnnerimary care practices was higher in
the most deprived?! In the most affluent the rate was 6.4 per 100Qufadjon rising to 7.2

in the most deprived, a 13% increase.

The incidence of heart failure is consistently leigim the most socioeconomically
deprived. In the same study of primary care prastia Scotland the incidence of heart
failure was 44% higher in the most deprived vetbedeast deprived intervalé: A study
from Goteborg, Sweden reported that in 6999 mdovi@d for 28 years a hospitalisation
for heart failure were 72% more likely in the mastcompared to the least deprived men
as measured by social class after adjustment farregght, BMI, smoking, activity levels,
systolic BP, diabetes, alcohol problems and chetest? In a further study of 2841 men
from Uppsala, Sweden, after follow up for a med&9.6 years the rate of incident heart
failure hospitalisation was twice as high in thasth only an elementary education versus
a college educatioff? Furthermore, when occupational class was exandsedmarker of
SED the risk was approximately 50% higher in thogh a low occupational as opposed
to high occupational class. | have reported th&datland rates of first hospitalisation for
heart failure in Scotland were 56% higher in thesha®prived compared to the least
deprived"®* Finally, we have reported in an analysis of 15@88icipants in the Renfrew
Paisley cohort, that the risk of heart failure asasured by a hospitalisation for heart
failure was 40% higher in the most deprived vetbeseast deprivetf° This association
was evident after adjustment for age, sex, histbgngina, stroke, blood pressure, FEV1,

smoking status, atrial fibrillation, abnormal EC&ardiomegaly on a chest x-ray and BMI.

Survival in those with heart failure is poorer amgsinthe most deprived. In a study of all
hospitalisations for heart failure in Scotland wparted that the risk of death at 30 days

was 18% higher in the most deprived versus the tegsrived men after adjustment for
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age, year of admission and previous admissionmdtiple cause$?* In women the
excess risk was 3% and not significant. At 1 ybarexcess risk was 11% and 14% at 5
years in men. In women the respective figures \8étgnon-significant) at 1year and 4%

at 5 years which was a significant difference.

It is not only first hospitalisation rates for hetilure that very by SED, the burden of
heart failure is highest in the most deprived. Raiadion rates for heart failure are
inversely related to SED. In a study of admissionsdew York, USA, after adjustment for
a risk score (comprising of ethnicity, comorbidsti¢ype of discharging facility and
procedures performed and finally health insuragpe)tthe risk of readmission for heart
failure was 18% higher in those in the lowest ineagnoup compared to the highest
income group?® Similar results were reported from a study of fi@sigations amongst the
elderly in Rome, Italy, where rates of hospitalsas for heart failure were inversely
related to deciles of incont&’ Hospital admissions for cardiac causes in thoske héart
failure are also inversely related to SED. Using@arstairs Morris Index, Struthegsal

128 reported that the rate of cardiac hospitalisativas 26% in the least deprived versus
40% in the most deprived, irrespective of diseasesty, diuretic dose and adherence and
age and sex. One explanation for this finding mayhiat the most deprived individuals
with heart failure are in contact with their primarare physician less than their affluent

counterparts.
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Table 9 Summary of the literature on socioeconomic

deprivation and heart failure

Study Design Outcome Measure of SED Unadjusted Adjusted Adjustment
Antonelli Incalzf?”  Retrospective Readmission Income
Italy cohort rates Men 2.32(2.04-2.63)
Women 3.28(2.95-3.65)
Auerbach?USA Prospective Care by Income (low vs. 0.65(0.45-0.93) Acute Physiology Score, site of enrolment,
cohort cardiologist high) history of dementia admitted to an intensive
Education (College 1.89(1.02-3.51) care unit
vs. high school)
Coughlint* Case control Cardiac Income (low) P<0.05
USA transplantation  No private health
listing insurance
Compos Loped? Prospective Cardiac death Public vs. private OR 3.46(1.91-6.27) Aetiology of HF, Digoxin usey Nf past M,
Brazil cohort health care history of hypertension
Gottinder*? Retrospective  Incidence Income P=0.0002
USA cohort (women)
P<0.0001(men)
Jhund®* Retrospective  Case fatality Carstairs Morris Age, prior admissions (MI, Stroke, AF, CHD,
Scotland cohort 30 day (men) Index 1.18 (1.10-1.28) renal failure, diabetes, hypertension,
(women) Most vs. least 1.03 (0.96-1.10) peripheral arterial disease, respiratory disease,
1 year deprived 1.11 (1.07-1.16) cancer)
1.03 (0.99-1.07)
5 years 1.14 (1.11-1.18)
1.04 (1.01-1.08)
Ingelsso® Prospective Incidence Social Class 1.82(1.20-2.74) 1.46(0.97-2.21) Hypertension, diabetes, Left ventricular
Sweden cohort Education 2.47(1.34-4.55) 1.94(1.04-3.59) hypertrophy, smoking, BMI, cholesterol
Marital status 0.90(0.50-1.61) 0.83(0.46-1.48)
Latour Pere’?® Retrospective  HF on Social Class 2.4(1.1-5.2) Age, diabetes, maritdls, sex
Spain cohort admission with
MI
McAlister*?* Retrospective  Incidence Carstairs Morris 1.44 Age, sex
Scotland cohort Prevalence Index Most vs. least 1.13
Health care deprived 0.84
usage
Prescribing of
ACE inhibitors NS*
Survival 0.88
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Philbin'2
USA

Rathoré®*
USA

Romnt=®

USA
Schaufelbergel®
Sweden
Stewart®
Scotland

Struthers?®
Scotland

Prospective
cohort

Retrospective
cohort

Prospective
cohort
Retrospective
cohort
Prospective
cohort

Prospective
cohort

Readmissions
with HF

**Case fatality
30 day

1 year
Readmission at
1 year

Activity score
Symptoms
Incidence

Incidence

Readmission:
Cardiac
All

Income (High vs.
low)

Area based score

Social class
Social Class

Carstairs Morris
Index

Carstairs Morris
Index

0.90(0.75-1.08)
0.93(0.86-0.99)
1.11(1.07-1.15)

R=-0.181
R=-0.185

1.18(1.10-1.26)

1.13(0.92-1.38)
1.10(1.02-1.19)
1.08(1.03-1.12

2.00(1.42-2.82) 1.72(1.34-2.20)

(age adjusted)

1.39 (1.04 to
2.01)

1.11(1.004-
1.225)
1.007(0.933-
1.008)

1.11(1.002-1.224)

1.013(0.937-1.096)

Risk score comprising of raceyiasce,
aetiology of HF diabetes, renal disease,
chronic lung disease, history of prior cardiac
surgery, referral to
home health services upon hospital discharge,
telemetry monitoring during the index
admission, admission to rural hospital,
discharge to a nursing facility
echocardiography, cardiac catheterisation.

Age, race, Left ventricular function, medical
history and mortality prediction score

Age, height, BMI, smoking, actiyisystolic
blood pressure, diabetes, alcohol, cholesterol
Age (per year),Sex, History of angina,
Stroke, smoking, atrial fibrillation,

LBBB and ischaemia

Systolic and diastolic blood pressure
FEV1, Cardiomegaly Blood sugar
Body mass index

Age, sex

*measure of effect not stated

**also multiple measures of quality of care
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Socioeconomic deprivation and the health care costs of

cardiovascular disease

The health care costs associated with various@aadcular diseases have been
documented in multiple health care systéffis®>’However, in a search of the literature
only one study directly examined the costs of @a@scular health care according to
socioeconomic status. In a report from the Womésthaemia Symptoms Evaluation
study, the cost associated with a 5 year follovou®19 women referred for clinically
indicated coronary angiography was higher in thetmersus the least deprived as
measured by household incofff&The total hospital costs over five years in thesmo
deprived was $40,477 compared to $23,132 in thst tprived (p<0.001). Of course this
study did not include men limiting its utility. Meimportantly, the costs in this study were
determined over a five year period only. As SEDfema higher risk of all cause and
cardiovascular mortality, would this translateesd opportunity to accrue health care costs
over time given that the most deprived die earliérd question remains unanswered as
does the precise calculation of the costs of caedioular hospitalisations according to
SED.

Socioeconomic deprivation and the health care burde n of

cardiovascular disease

The literature surrounding SED and CVD may be abahdith studies on the association
with mortality and case fatality (albeit with grefgficiencies). However, with regards to
the burden of CVD the only information in the lagure stems from studies of the cross
sectional prevalence of disease in various comiesngtccording to levels of SED.
However, a greater burden of prevalent disease@iogpto SED does not necessarily
equate to greater health care usage. No studiesexalicitly examined the relationship
between SED and the health care system burden Bt @\few studies of some forms of
CVD, such as heart failure have presented datheprimary care burden of disease by
SED'?,

In a study of the primary care burden of angin&dotland, the most deprived individuals
in 55 general practices, attended their generatigicmer less than the least deprived
individuals (Odds ratio (OR) most versus least ifepr0.67 95% CI 0.57-0.793° In the
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same setting another report from the same autbargdfthat the most deprived individuals
with heart failure were also less likely to vigietr general practitioner than the least
deprived individuals with heart failure (OR 0.7598 CI not stated, p<0.001). From this it
can be inferred that the most deprived individugilise the health services less than the
least deprived members of society, however, extatipg these trends outside of the
setting of primary care is difficult. A study of fnts with heart failure demonstrated that
the most deprived were less likely to receive sgisticare OR 0.65(0.45-0.93). It is not
known if these trends translate into fewer hosigigdibns for CVD in the most deprived

for certain conditions such as heart failure. Theesvations above in the primary care
setting may simply relate to a different healthdabur and health seeking behaviour on

the part of the most deprived.

Relationship between socioeconomic deprivation and

cardiovascular risk factors

Numerous risk factors for cardiovascular disease lieen proposed. What is consistent is
the finding that some risk factors are undoubtéiolymost important. This has been
demonstrated in multiple studies throughout thé 20 21st centurié4*°Moreover,

the importance of these modifiable risk factors lbesn underlined by the finding that
reducing exposure to these risk factors throughdavee or drug therapy reduces the rates
of cardiovascular disease. The main modifiable fiaskors for cardiovascular disease are
smoking, the presence of diabetes mellitus, hypsita, hypercholesterolaenti&.

Inevitably as interest in SED and CVD has growmais been hypothesised that differences
in the distribution of these risk factors explaihe gradient in CVD rates by
SED38:4071.98.100.141- 19 F Iy hag heen associated with higher levels affaliese risk
factors®>*#441%8including in those with and without cardiovasouliseasé?® In the
following section | will present the literature somnding the association between SED and
these risk factors. In the Renfrew Paisley coharamber of other variables were
measured that are also associated with cardiowasgsk. These are body mass index
(BMI), adjusted forced expiratory volume in 1 sed@gREV1), bronchitis measured by the
Medical Research Council questionnaire and cardyaiyeon chest x-ray. In further
analyses, these variables were examined in a ratiiiMe model to determine if they
explained any of the potential gradients in dises$eaccording to SED. Therefore, the

association between SED and these additional aistofs will also be discussed here.
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Smoking

Smoking is undeniably an important cardiovasctiit factor®” A large number of studies
have examined the relationship between smokingS&ia. Smoking is consistently related
to SEF>!*"1501%%3nd this is seen in a number of countrigsut is related to cultural and
other factors als&?***Whilst in this thesis it would be impossible tarsuarise all the
literature surrounding smoking and the relationstiihn SED there are a number of
important aspects to the relationship that are hwoof highlighting here. The most
obvious perhaps is that the deprived consisteriylay higher rates of smoking at around
20%2*° This association is seen in all ages and in bexes*® The relationship is found
irrespective of the method of measuring SED whegineindividuaf® or area based
measur®*. The relationship is seen in all developed coastfi" ***Overall, whilst

smoking rates are falling, in the most deprivedrtdte of smoking is falling more slowly
than in the least deprived in the U#.This is not an isolated finding, and has been
reported in the USR' and Denmark. Consequently, as a major risk factor for
cardiovascular disease, this gives rise to theawnihat this trend could increase

inequalities in CVD in the future.
Hypertension

Hypertension is another of the major cardiovasatgirfactors that is modifiable through
lifestyle and pharmacological interventions. Andrse relationship with SED has been
described widely in the developed world and has lmeenprehensively reviewed
elsewherd®** Again, irrespective of the measure of SED used, velmether examining
systolic or diastolic blood pressure, the most weprdisplay higher rates of elevated
blood pressuré&!*!471°1.158.15¢ha relationship persists after adjustment fotdiecsuch as
salt intake and obesity° Furthermore, treatment rates do not affect tHatiomship*>®
Whilst overall blood pressure has been fallinghia tommunity as a result of primary

prevention, SED gradients remaffi*>*

The relationship between blood pressure and SED@svhere progress has been made in
elucidating the determinants of the associationafemess of the risks of hypertension
may be lower in the most depriv&th The foetal programming hypothesis of Barker has
been applied to this area in an attempt to exphafmassociation®® Factors related to

foetal under nutrition were associated with theetiggment of hypertension, indicating
that more deprived life circumstances in-uterodjggose to greater deprivation in later

life and the development of hypertension. Genefiiténces on the relationship between
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SED and hypertension have been reported. A polyniempof the alpha 2 beta-adrenergic
receptor has been shown to interact with job sifjalms with high demands and low
decision making responsibility i.e. manual classs)do lead to raised blood presstffe.
Therefore, while the association between SED apettgnsion is clear, it is in this area
where some of the greatest strides are being neadisgéntangle the pathways by which
SED leads to higher blood pressure.

Cholesterol

Whilst hypercholesterolaemia is a major cardiovisausk factor the relationship with
SED is less clear. Many studies have reportedcthaiesterol increases as the level of SED
increase§>!44147.150.15L.18 5 study of over 37,000 women and 33,000 meriguing

risk factor screening serum cholesterol was sigaifily higher in the most deprived as
compared to the least deprived (as measured by Savahscore}>® However, the
magnitude of the difference was reported to be 6rd2mmol/lI though this was
statistically significant (95%CI 0.01 - 0.03). Slaridifferences in serum total cholesterol
and HDL cholesterol were recorded in the EUROASPIREudy >® The magnitude of
difference being similar to the study by Layratzolos et alat 0.07mmol/l. However,
despite these differences the rates of prescritirgppropriate lipid lowering therapy is
lower in the most deprivel>*®*Finally, it is not only total cholesterol thatrislated to
SED, subclasses of lipids are also related to SBB.most deprived have higher levels of
triglycerides and low density lipoprotein cholesteand lower levels of HDL

cholesterof 1166167
Diabetes

As with cholesterol and blood pressure the presefoen-insulin dependant (Type 1)
diabetes varies according to SED48151155169he relationship between the presence of
diabetes and SED is independent of body habitusddiition to this the most deprived in
one study displayed higher levels of insulin, gee@lood glucose, greater insulin
resistance and higher levels of glycosolated haéshogA1c'®® These associations
persisted after correction for body habitus as meakby BMI® In the Whitehall studies,
the fasting glucose levels of individuals did ne¢s to differ according to SEP’
However, one large epidemiological study reported there was no relationship between
SED and diabetes in méf. These conflicting studies used only one measu&&di
highlighting the sentiments of Bravemanal'”° that multiple measures of SED should be
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used to explore relationships with health outcorriesvever, as with smoking, there are

reports that the disparities in diabetes prevaléyc8ED may be increasing:
Obesity

Obesity is consistently associated with a highsk of cardiovascular disease. This is
perhaps the best studied risk factor in relatioSED. A recent systematic review of the
relationship between SED and obesity reportedlthidtrelevant studies were published
between 1960 and the mid 1980s and from 1998 td aG0rther 344 studies were
identified!"* Again, many of the studies that have been refe@above in relation to
other risk factors have reported an inverse raiahg between SED and
obesity’*4¢147 15\ yltiple measures of obesity have been used, Biist hip ratio, as
have multiple measures of SEB.Overall, McLareret af'"* concluded from their
comprehensive review that in developed countriegoegonomic deprivation is associated
with higher rates of obesity in women though in rifemassociation is less clear with
many studies reporting non-significant associatitmshe UK, however, there have been

reports that this disparity is widening.
Lung function

Lung function is an understudied risk factor fordtavascular disease. In a study of the
Renfrew Paisley cohort, FEV1 was strongly assodiaii¢h all cause mortality’> Multiple
studies have reported that reduction in a numberezsures of lung capacity such as
forced vital capacity and FEV1 are associated higier cardiovascular risk>'"The

risk of coronary heart disease, myocardial infarcand stroke are all higher in those with
reduced lung function. The Framingham investigalange also reported that reduced lung
function predicts the development of heart faiftifePoorer lung function is associated
with socioeconomic deprivatiori®*®°Vital capacity, FEV1 and the ratio of the two
measures are all reduced in the most deprived. 1FE&Yy be reduced by up to 300ml in
men and 200ml in women in the most deprived whenpaoed to the least deprived

individuals!™

Whilst lung function is related to SED, it has beeted above that smoking is related to
SED and may confound this relationship. Howevenne of the largest studies to examine
the relationship between SED (in this case detexthby occupation) and lung function,

FEV1 in 32,905 people was 2.7% lower in the mogristed compared to the least
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deprived'® This difference was present after correction feight, age, smoking status

and respiratory illnesses. Amongst non-smokerga$iseciation also exist®
Cardiomegaly

Enlargement of the heart is a well studied cardiouéar risk factor®® Increased left
ventricular mass or chamber size as measured lmceatiography is associated with
greater cardiovascular ri$k Cardiomegaly on a chest x-ray (defined as a catdia
thoracic ratio of greater than 50%) is a simpleasuge of cardiac enlargement. The
presence of cardiomegaly on a chest x-ray incretasassk of developing heart failure
(over and above the finding of left ventricular Byfpophy on an ECG) in the Framingham
studied*® and is also a marker of poor outcome in those gt failure®® A report from
the Whitehall Il study found that cardiomegaly iscteassociated with an approximately
doubling of the risk of cardiovascular and coronaggart disease mortality over 25 years of
follow up independently of cardiovascular risk tastsuch as age, systolic BP, diastolic

BP, heart rate, total cholesterol, smoking, histfrgngina and ECG abnormalitits.

Socioeconomic status is related to cardiomegalthérRenfrew paisley cohort, a greater
proportion of the most deprived had cardiomegalyheir chest x-ray*and was a
predictor of future heart failut®. Whilst chest radiography may be a crude method to
assess cardiac size, echocardiography allows ncotgate quantification of cardiac mass
and chamber size. In an echocardiographic studp, &Emeasured by education, was

inversely related to cardiac ma&s.
Other cardiovascular risk factors and socioeconomic deprivation

A number of other novel cardiovascular risk factoase been examined in relation to
SED. These include other biochemical and haematabgsk factors such as

r{1,166,187 ,166,188,189 61,166,189,190
b )

fibrinoge c-reactive proteif , interleukin- von Willebrand

factor®® intercellular adhesion moleculé*#®® homocysteing*** serum amyloid A%
and monocyte chemoattractant protetfi21with the exception possibly of c-reactive

protein*®2 none of these markers have found their way inemlay clinical use.

Other physiological risk factors for CVD have bemsociated with SED. These include
heart rate variabilit/® blood pressure reactivity/, functional capacity and heart rate
recovery®. Whilst these have been studied in an effort fan the differential outcomes

observed according to SED, no definitive prooftdit role is forthcoming.
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Finally, one hypothesis that has linked the retetiop between SED and CVD is that of
infection as a cause of CVD. Studies have linketiggen burden to the risk of CHEf It
was hypothesised that greater SED and hence ploongy conditions would expose and
individual to more pathogens and hence a highkofisCVD. In a study of the Whitehall
Il cohort, seropositivity for Chlamydia pneumoniagtomegalovirus and herpes simplex
virus 1 did not explain the risk of CHD associatéth SED®°

Summary

It is clear from the literature above that SEDekted to a number of cardiovascular
diseases. However, as has been demonstrated naisisshave focussed on fatal outcomes
hence less is known about non-fatal outcomes. &ilyjlthe majority of prior studies have
focussed on either coronary heart disease or sthekee little is known about the effect
of, and comparative relationship between, socioeeoo deprivation on the incidence of
(and outcomes from) other types of CVD such astliadure. As a consequence of
relatively small cohort sizes, and, short follow-apmost all studies have focused on first
events and have been unable to describe the redatmbetween SED and recurrent
cardiovascular events i.e. the complete burdeheftlisease on secondary care services.
Another limitation of past studies is the extenba&eline characterisation of the subjects
and consequent ability to perform comprehensivdivawlate analysis in order to
determine whether socioeconomic deprivation is/taul independent predictor of
outcome. This is especially important as each efctassical cardiovascular risk factors
and a number of other risk factors vary by SECthia thesis | will seek to fill these gaps
in our knowledge of SED and cardiovascular dise@salo this | will utilise the Renfrew
Paisley study which is a prospective cohort study,@48 men and 8,354 women on
whom comprehensive cardiorespiratory measuremea@vailable and who have been
followed for over 25 years. This will be achieviadough the aims and objectives outlined

in the next chapter.
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Aims and Obijectives

Aims
As a result of the literature review the followiagn of this thesis was developed

* To describe the association between SED and a nuohlsardiovascular outcomes

in an entire cohort of men and women adjustingcéodiovascular risk factors.

The above aim was translated in to the followingeotives
Objectives

» To describe the baseline characteristics and cadaular risk factors according to
SED.

» To examine the independent effect of socioeconalaprivation on the risk of

admission to hospital with a specific cardiovascdiagnosis.

* To compare the absolute and relative strengthswaation between

socioeconomic deprivation and cardiovascular matpid

* To examine the effect of socioeconomic deprivatiarthe risk of recurrent
cardiovascular events as well as on first eventstlam effect on subsequent
mortality from specific cardiovascular diseases amiimber of other composite

end points.
* To examine the impact of socioeconomic deprivatinrhospital sector costs.

» To estimate the impact of socioeconomic deprivatinrthe population burden of
cardiovascular disease, premature mortality, angi@aascular mortality and all

cause mortality.
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Methods

Data Source

The Midspan studies are four separate occupatanthbeneral population cohort studies
based in Scotlarfd’. The original three studies were conducted betvi®&d and 1976.
The Main and Tiree study, 1964-68, was a studynahdustrial group of 3,931 individuals
from 13 factories in the central belt of Scotlafbe Collaborative study, 1970-1973, was
an occupational cohort study of 7,028 individuatsyf 27 workplaces in the central belt of
Scotland. The Renfrew/Paisley study, conducted &etmi972-1976, was a general
population cohort from the two towns of Renfrew &aisley in the outskirts of Glasgow
(Figure 1).

Figure 1 Map of Scotland showing the position of GI asgow and Paisley (Red box outlines
area of detail in Figure 2)
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Figure 2 Area of detail showing the location of Ren  frew and Paisley in relation to Glasgow
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A fourth study, the Family study, was conducted®93-1994 and is a cohort study of the
offspring of 1,477 families who took part in thegimal Renfrew/Paisley cohort. The
Midspan studies originated from a post war drivedotrol pulmonary tuberculosis using
mass miniature radiography. In addition to imprgvihe detection and control of
tuberculosis, the Midspan studies utilised thig@iffre screening method to examine
cardiovascular and respiratory risk and diseasetit®thesis data from the

Renfrew/Paisley study were used and will be disediss more detail.
Population Sample

The Renfrew/Paisley study is a general populat@od study consisting of 7,048 men
and 8,354 women who lived in the industrialisedrievef Renfrew and Paisley, to the west
of Glasgow in the west of Scotland. The Renfrewslegistudy was funded by the by the
Renfrewshire King Edward Memorial Trust. Eligibjlifor the Renfrew/Paisley study was
established by a door-to-door census of all hoddshn the two towns in 1972. Between
1972 and 1976, all persons aged 45-64 years whoeasieiency criteria were invited to
complete a questionnaire and attend for a screeniamination at one of twelve nearby
temporary screening centres. Participation ratbaseline were 78.8% of the target
population in Renfrew and 77.9% in Paisley. Appnaxiely 60% of participants re-
attended for repeat screening between 1977 and 1979

Baseline Data

Each subject’s demographic profile and cardiorespiy health status was documented
during their screening visit. Figure 3 shows afflplan of the accommodation,
examination stations and route that participarak through a typical temporary
examination centre as used in the Renfrew/PaislelysA mobile X-ray unit was

positioned outside the entrance to perform thetalagsographs. Approximately ten
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participants arrived every 10 minutes during eads®n. Individual questionnaires were
checked and standardised. Investigations lastipgoapnately 20 minutes were
undertaken as participants moved through the exatmomstations. A further visit six
weeks later was arranged for participants whoseceli measurements required

confirmation or clarification.

Figure 3 Layout of the screening station used in th e Renfrew/Paisley cohort study
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The questionnaire used in the Renfrew/Paisley stvalyvery similar in appearance to that
used in the Collaborative study but some new qolstivere included and others (e.qg.
questions on diet and early life) omitted. The de¢ae coded and entered onto computer,
anonymously. The original questionnaires are culyrestored at the University of

Glasgow archive. The data gathered from the quesdioe are detailed in Table 10.
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Table 10 Questionnaire data collected at screening

Questionnaire data

Sex

Marital status

Date of birth

Occupation

Exercise

Medical Research Council bronchitis questionnaire
Chest wheeze

Effect of weather on breathing
Smoking habit

Rose angina questionnaire
Severe chest pain

Diabetes

Past history of hospital admissions
Stroke symptoms

Treatment for blood pressure
Asthma / hay fever

Years in present home (Paisley only)

The standard Rose angina classification was usaefioe the presence of angifiaThe
validity of the Rose angina questionnaire has lested in studies comparing it to a
clinical diagnosis of angina, electrocardiogramahmality, thallium scanning and as a
predictor of coronary artery disease mortality:® In the classification, Grade | angina is
defined as pain or discomfort when walking uphilharrying. Grade Il angina is when the
subject also reports chest pain or discomfort wiialking at an ordinary pace on the level.
Angina is further classified as “definite” if, irddition, the pain is sited in the sternum or
the left chest and arm, causes the subject toostsfow down and resolves within 10
minutes of the subject stopping or slowing downhése additional criteria are not
satisfied, angina is classified as “possible”. #har purpose of this study, “angina” was
defined as Rose grade | and Il “definite” angind ams not confirmed by investigation or
evaluation. Possible MI (identified by a separatesgion on Rose questionnaire as having
ever experienced a severe pain across the frartesit lasting for half an hour or more)
was noted. The diagnosis of chronic bronchitis was determingthe Medical Research
Council’s chronic bronchitis questionnaife A smoking history was recorded including
average number of cigarettes smoked per day (rseveked, 1-14, 15-24, 25-34, 35 or

more), ex-smoker (less than 5 years or 5 yearsooe)nor pipe or cigar smoker. A history
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of diabetes was obtained from the patient and wagipe if they reported having been
told they had diabetes by a doctor.

A number of clinical variables were also measuitesteeening (Table 11). Blood pressure
was recorded as the mean of two measurements itakiem seated position and diastolic
pressure was recorded at the disappearance aftthEdrotkoff sound. Height and weight
were measured and used to calculate body mass imdegtn? (weight in kg divided by
height in meters squared). Forced expiratory volumiesecond (FEV1) was measured.
An adjusted FEV1 was calculated as a percentagfeedexpected” FEV1 (derived from a
linear regression equation of age and height far emel women separately from a healthy
subset of the sample who were non-smokers and daespiratory symptoms) and the

actual FEV1. These equations were:

Men: FEV = -185.92-2.86 x age + 3.69 x height
Women: FEV = -22.47-2.89 x age + 2.37 x height

The cardiothoracic ratio was based on a chestgeajith and cardiomegaly was defined as
a cardiothoracic ratio <= 0.55. Plasma cholesi@ndl glucose concentrations were
measured in a 10ml non-fasting blood sample. Glicasicentration was not measured
during the whole screening period. A six-lead gtemrdiogram (ECG) was also obtained

(leads I, II, Ill, aVR, aVL and aVF) and coded ugsihe Minnesota coding system.

Table 11 Clinical measurements made at screening

Clinical measurements

Blood pressure

Chest X-ray

Tine test

Sputum sample

Cholesterol (plasma, non-fasting)
Blood glucose*

Cardiothoracic ratio

Height

Weight

ECG (Minnesota code)
Respiratory function, FEV1, FVC

Biochemical tests*: Sodium (Renfrew only), potassixygen, Haemoglobin,

carboxyhaemoglobin

* only available on some subjects
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Measures of socioeconomic deprivation

Measures of SED have been discussed earlier. Tvasunes of SED were obtained in the
Renfrew/Paisley study. The first was social clasdetermined by the participant’s
occupation recorded on the questionnaire. Thisasded according to the Registrar
General’s classification. For housewives and rétiw@men the occupation of their
husband or father was used. The classificationtlned in Table 12. Class | is the most
affluent class and class V the most deprived. Cldswhich denotes service in the armed

forces, was not used in the cohort.

Table 12 Registrar General’s Social Class Scheme

Grade Example Occupations

| Professional Doctor, Lawyer, Executive Non-Manual
Il Intermediate Sales Manager, Teacher

I1I-N Skilled non- Shop Assistant, Clerk

manual

I11-M Skilled manual Machinist, Brick layer Manual

IV Partly skilled Postman,

V Unskilled Labourer, Porters

VI Armed forces

The second measure was determined from a partitsgaostcode of residence. Postcode
sectors were used to assign a Carstairs-Morriindtegory™® The index was originally
developed in the 1980s using 1981 census datgctimposed of four indicators which
were judged to represent disadvantage in the ptopal@rable 13). The four indicators are
combined to create a composite score. The depivatore is divided into seven separate
categories, ranging from the most deprived (cate@dto the least deprived (category 1).
The seven categories were designed so as to theadiscriminatory features of the
distribution of the deprivation score, rather thamensure equality of numbers between
each deprivation category. Some very small postsedtors were excluded and do not
have a score. The index was designed with the éafpae that it would be mirrored by
direct measurement of household income if that wessible. Whilst the cohort was
recruited between 1972-1976, the Carstairs Mondex applied was derived from the
1981 census. Therefore, the index may not accyregélect the socioeconomic conditions
of the cohort at recruitment. However, previouslgses of the cohorf?101:1221721%nq
their congruency with the published literature vebsiiggest that this potential bias has

little meaningful effect on the results of the stud
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There are 1010 postcode sectors in Scotland, fahby a combination of the first five
characters of the postcode (representing 937 aaeashe Council Area. The average
population is 5012 (range 51 people to 20,512ptAltof 15,370 participants (99.8% of
the total cohort) had a documented postcode afeese that was used to determine SED
based on the Carstairs—Morris Deprivation categoshould be noted that none of the
postcode sectors of the participants in the RerRaisley study mapped to deprivation

category 2.

Table 13 Constituent variables in the Carstairs Mor  ris Index

Variable Definition

Degree of Overcrowding Persons in private houskhibling at a density of
more than one person per room as a proportion* of
all persons in private households

Level of Male unemployment  Proportion of econortiycactive males who are
seeking work

Proportion in Social class 4 orProportion of all persons in private household$wit

5 head of household in social class 4 or 5
Ownership of a car Proportion of all persons iwvae households with
no car

Ethical approval and Follow-up

Written consent was given at the time of enrolmetuat the study for hospital records to be
subsequently monitored. Latterly ethical permissi@s obtained from Argyll and Clyde
local and regional ethics committee for linkagehwitie Scottish Morbidity Record (SMR)
system. Electronic linkage to hospital and deatlonds is possible for all residents of
Scotland through the SMR.

Scottish Morbidity Record (SMR)

Healthcare data for individual patients in Scotladollected as a series of Scottish
Morbidity Records-®® The record type denotes the general type of hemittreceived

during an episode. The hospital activity SMRs argatient attendances (SMRO00), all
discharges from acute hospitals (SMRO01), mateumiys (SMRO02), psychiatric units
(SMRO04), neonatal units (SMR11) and geriatric Istay inpatients (SMR50). Analysis of
SMRO1 data were used for this study. An SMRO1 ¢c®an episode-based patient record
relating to all inpatient or day case dischargemfnon-obstetric and non-psychiatric
specialties. Elective and emergency admissiongaheded. A SMRO1 record is generated

when a patient is discharged home from hospitahsierred to another clinician (either at
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the same or a different hospital), changes spgdiailther under the same or a different
clinician), or dies. Data collected include patigl@ntifiable and demographic information
as well as episode management details (such athlehgtay) and general clinical
information. Each patient is given a principal diagis and up to five secondary diagnoses
and up to four operative procedures. These secpuliagnoses are recorded if they affect
the management of the patient or are associatédtétmain condition or are chronic
conditions. Diagnosis at discharge is coded ugiag/¥orld Health Organisation (WHO)
International Classification of Diseases (ICD) syst Diseases are coded initially using
the eighth revision (ICD-8, a small number of @mlittpisodes), the ninth revision (ICD-9)
up to March 31st 1996 and the tenth revision (IC)thereafter. The data are abstracted
from case notes and then transcribed onto an SM&6@1 The Information and Statistics
Division (ISD) of the NHS Scotland collates thealat National level. The General
Register Office for Scotland records the causateath for all Scottish residents. The
codes used to classify deaths are allocated usengvHO International Classification of
Diseases. ICD9 was used between 1979 and 199K&C&1d has been used since 1st
January 2000. Classification of the cause of disatlased on information collected on the
medical certificate of cause of death which corganformation on the underlying cause of

death and up to three other causes considered/¢éodoatributed to death.

Since the 1970’s these datasets, SMR and dea#tredgin records, belonging to the same
patient in Scotland have been linked togetherénSbottish Record Linkage System.
Therefore, the linked data set holds hospital @isgd records for non-psychiatric, non-
obstetric specialties (SMRO01) together with Regrs@eneral’s death records from 1981
until the present day. Ad hoc linkages can alsodyeed out dating back to 1968. Records
from individual hospital episodes from different BMdchemes and records from the
Registrar General are linked using probability rhatg record linkage to provide profiles
for each patient. Over the last thirty years, mdshaf probability matching have been
developed and refined in Oxford, Scotland and Caraamtl are used by the Record
Linkage System to allow for inaccuracies in thentifging information*® When records

are linked, two records are compared using idantifjtems such as surname, first initial,
sex, year, month and day of birth and postcodeaathecision is made as to whether they
belong to the same individual. Surnames are chattgedded format in order to avoid the
effects of differences in spelling. A computer altfon calculates a score for each pair of
records that is proportional to the likelihood ttiay belong to the same person. The huge
volume of data would mean it is be impossible twycaut probability matching on all

pairs of records involved in the linkage and blogkis used to cut down the number of
comparisons required. Only those records that hawenimum level of agreement in
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identifying items are compared. Probability matghinen allows mathematically precise
assessment of the implications of the levels céagrent and disagreement between

records.
Quiality of the data

The self-completed health questionnaire at bassbkineening was checked by experienced

interviewers at the screening examination.

The linkage process is largely automatic as a timldsscore based on probability
matching dictates the decision as to whether tberds belong together. Clerical checking
has shown that the accuracy of probability matcisr@8%. The accuracy of follow up
using this method has been validated against stariddow up using a clinical trial. In
comparison to the standard method of follow ugkdme of records to SMR compared

favourably™**

The Quality Assessment and Accreditation Unit dbtmation and Statistics Division of
NHS Scotland monitors the quality of SMR data, byessing accuracy, completeness,
consistency and fitness for purpose. It carriesoutine validation of a sample of SMR0O1
records where data held on the sampled recordsoanpared with information contained
in the medical case notes. An assessment of theaagcof SMRO1 data, carried out
between 2000 and 2002, on a 2% sample of SMROIfalata the accuracy for recording
of clinical data at the three-digit level was 8886 the main diagnosis falling to 81% at the
four-digit level?®® The accuracy of the main diagnosis was 89% fraenl897/98 audit.
The accuracy for main procedure/ operation was 8téarate and other procedures/
operations 92% accurate. The accuracy for nonedirdata items was 97%.

Cardiovascular diagnoses were 91% accurate overall.
Organisation and extraction of the data

The Renfrew/Paisley study is co-ordinated fromDiepartment of Public Health and
Health Policy in the University of Glasgow. Datatpéning to the initial and follow-up
screening visits are held in SPSS file format. @bleort is updated for mortality on a three
monthly basis including full checks on the statlesa@/alive) of the oldest participants. At
the time of commencing these studies subsequeptthbadmission data for the cohort

were available to the date of*3af March 2004. In collaboration with Midspan st
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Carole Hart and Mrs Pauline McKinnon, a data eximacspecification was written which

detailed the nature of the baseline and follow-aadequired for the studies in this thesis.
Ethical approval and data extracted for present stu  dies

The Midspan Steering Committee approved the stuBiesnission was given by the
Privacy Advisory Committee of the Information an@tistics Division to use the linked

data. All studies were approved by the Universfttasgow ethics committee.

Each patient record contained all information alaé from the baseline questionnaire.
Date of death and cause of death until 31st Ma@€l4 2vere also included. In addition the
date of all hospitalisations and cause of all hadipations was also available up until this
date. Date of censorship was from the date of emlihidual’s initial screening visit to
death, end of follow up or in a few cases datenuifyeation. Loss to follow up occurred in

less than 1% of the cohort.
Statistical analysis

All analyses were undertaken using Stata (VersiyrSlata Corporation, College Station,
Texas, USA). All tests of statistical significaneere two tailed. Statistical significance
was taken at the conventional level of 5% (P<0.0&g use and limitations of, p values
has been widely discussed in the scientific litmet’>***The p value dichotomises the
results of statistical analyses into “significant™non-significant” and removes any
further interpretation of the dat& A non-significant p value indicates that therads
difference between two or more groups, or thatttmatstudy is underpowered to detect the
difference between groups; it does not indicatectvioif these two options is tra® A

more appropriate analysis is to calculate a confidanterval which allows an assessment
of the strength of evidené® For analyses in this thesis 95% confidence interware
calculated. Major scientific journals insist on resentation of confidence
intervals®®2%°2% A5 Altmarf®states “The main purpose of confidence intervals is
indicate the (im)precision of the sample studyneates as population values.” He
discusses the interpretation of confidence intsrwvabaking a number of important points
about their interpretatiof?’ Firstly, values outside of the interval are natleded by the
interval, they are simply less likely. Secondlye thiddle of the interval is more likely to
contain the true population value than the twoeswe quarters. The final, and perhaps the

most often overlooked aspect of the interpretatibconfidence intervals, is that regardless
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of the width of the confidence interval, the sangd@mate is the best indicator of the true

population value.

Confidence intervals, as with p values, are openisusé’® The most common misuse of
confidence intervals occurs when they include thievalue (the confidence interval
crosses the value of no effe€?j:?°2°"-2%|n this case the confidence interval is often
interpreted as proof of no effe® Whilst this is based on a correct link with thegbue,
interpretations of confidence intervals in this vedfectively dichotomise the interval back
into “significant” or “non-significant” test. Thidenies the reader the option of making a
more informative interpretation of the intervalmglined abové®*?*’Therefore, the 95%
confidence intervals calculated are interpreteihtsvals, following the above, and not as
tests of significanc&” Finally, epidemiologists such as Bradford Hflsuggest that the
results of analyses should be interpreted in @ath the other analyses performed and of
other published literaturé® Therefore, analyses were interpreted in relatiomach other

and whether they were consistent with the publishexhture if available.
Rates

Rates were calculated from date of screening taldéte of event or censoring (death or
end of follow up). Rates are expressed per 100€opeyears follow up. Rate ratios were

calculated using the Mantel-Cox method.
Cox regression

Cox proportional hazards regressidrwas used to model the effect of a number of
covariates and their association with the riskariaus events. Models were used to adjust
for the variation in distribution of various risadtors between individuals of differing

SED. Initially variables which have been considieassociated with cardiovascular risk,
were entered into the model to adjust for theiralde distribution between socioeconomic
groups. Next variables that are not consideredliticmal” risk factors but have previously
been shown to be associated with cardiovasculeases body mass index, adjusted FEV1,
history of bronchitis and cardiomegaly, were erdereo the model. Backwards stepwise
regression was used to determine those additi@ralhles that would be adjusted for in
further analyses after adjustment for the “tradidild cardiovascular risk factors, age, sex,
smoking, blood pressure, cholesterol and diabetdftns. The significance level of the

likelihood ratio test of these variables is givartable 14.
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Table 14 Significance level of additional variables entered into the model

Variable P
Body mass index 0.0004
Adjusted FEV1 <0.0001
Bronchitis on MRC questionnaire 0.0013
Cardiomegaly (cardiothoracic ratio of <0.0001

>=0.5 on chest radiograph)

Therefore, the final models used in these analiysdsded, age, sex, SED (measured by
Carstairs Morris index or social class), diabesesoking, cholesterol, systolic blood

pressure, body mass index, adjusted FEV1, brosdmitil cardiomegaly.

Inequality was measured by comparing the hazardaedatio in the most versus the
least deprived. It was also measured using thelatpn attributable fraction. These are
the most common methods of exploring health inatjeslin the literature. Other methods
do exist and have advantages and disadvantagesrtioular they describe the relationship
between health outcomes and the whole distribitf@ED*??**The Gini coefficient,
modified Gini coefficient and index of dissimilariall enable inequalities in health to be
measured from the most to least deprived and\adlsebetweei*>?**However, they are
univariate measures and were therefore unsuitableximining the aims of this the$S.

¥214215:an discriminate between a situation where thet mos

The concentration indé
deprived are the sickest and where the least dsprve the sickest whilst describing the
gradient in inequality (the Gini index cannot anidl arrive at the same answer in both of
these situations). However, it can only be usedrevtiee socioeconomic categories can be
ranked in strict hierarchical order, for exampleewtusing education or income as a
measure of SED. This measure is not suitable f@somes such as social class where this
very strict ordering is not true. Multivariable nse@es do exist. Regression coefficients
and Pearson'’s correlation coefficients may be d¢ated to fully describe the relationship
between SED and heaftlf However, they require that the health outcomesmade used

to measure socioeconomic status are continuouablasi. As such they were not
appropriate for use in the setting of survival gsisl as in this thesis. Finally, the slope
index of inequality and a transformation of thig telative index of inequality may also

be used to describe the frequency of a health méand socioeconomic

categony 221> However, the indices rely on the assumptionsneir regression, and,
most importantly, that again the socioeconomicgm@ies must be strictly hierarchical.

Therefore, these indices are not useful in theecuithesis as linear regression would not
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be a valid technique for the analysis of survivalets and the measures of SED are not

strictly hierarchical.

As noted above, in this thesis | will examine in&lifies in outcomes through the rate ratio
and comparison of the hazard ratio of the mostugetise least deprived. The hazard ratio
has a number of advantages over the other measuttesed above. Firstly, it is easily
interpretable. Secondly, the technique of survaralysis can be employed which is the
most appropriate method of analysing these longitddlata. Thirdly, adjustment can be
made for traditional risk factors in examining teéationship between CVD and SED
which is difficult with the above techniques. Figahone of the techniques outlined above
allow the relationship between SED and an outcanrieetcompared across outcome types
which can be done using the Cox model and thisésajd the aims of the thesis. Survival
analysis and rate ratios are also the most commas®yg methods in the literature for
examining health inequalities making the analysesis thesis easily comparable. These
advantages outweigh the limitation of this approaicat only the ends of the

socioeconomic spectrum will be described and rotétationship across all categories.

The proportional hazards assumption was tested &thoenfeld residual§ and was met

for all variables in the model.
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Risk of a first Cardiovascular Hospitalisation

In this section | will present the results of asaly examining the association between SED
and the risk of a number of first cardiovasculasgitalisations after adjustment for a
number of recognised risk factors. The relationshigxamined using traditional methods
of survival analysis and competing risks analysiadcount for the risk of various different
cardiovascular diseases. As a result, | aim toraete if SED is associated with a higher
risk of certain cardiovascular outcomes. In addit@ range of composite endpoints will be

examined including endpoints incorporating all @aosortality.

Methods

Introduction to the competing risks model

Cox regression is a well studied and frequentlydusethod of analysing the survival
experience of a cohort. Standard survival data oreabe time from one point until the
event of interest occurs e.g. myocardial infarctorleath. In a typical setting, such as
clinical trial, the effect of an intervention suab a new pharmacotherapy that is thought to
prevent the outcome of interest is examined onithe to outcome in relation to a gold
standard treatment or more commonly placebo. ldepiological studies data are
obtained from observational studies such as theepteohort study. In such studies we
are interested in the association between a var{abthis case SED) and the event of
interest. However, in cohort studies (and indeeddaall trials) more than one type of event
can occur during follow up and the variable undedg may be associated with a higher
risk of more than one type of event. This situatoises in the current study where SED is
associated with multiple cardiovascular outcomesalso death. Whilst one event is
usually chosen as the event of interest the ocaceref the other event may prevent the
event of interest from occurring (e.g. death prévam individual experiencing a
myocardial infarction) or it may lead to a changeherapy that alters the risk of the event
of interest from occurring (e.g. the prescriptidrsecondary prevention following a
myocardial infarction). Similarly, as in this thesive may be concerned with the
relationship between a variable and a number éémiht outcomes. In such a situation
caution should be exercised when estimating thiegiritity of the event of interest
occurring in the presence of these "competing 'tiskeating the events of the competing
causes as censored observations, as is done dasfasurvival analysis techniques such as

Kaplan-Meier analysis, will lead to a bias in thegtan-Meier estimate if one of the
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fundamental assumptions underlying the Kaplan-Mestimate is violated: the

assumption of independence of the time to eventlamdensoring distributions. The Cox
proportional hazards model can still be used is $ituation though interpretation of the
results becomes more problematic. One other situathere the competing risks approach
is of use is worthy of mention at this point asill wot be expanding further on this in the
thesis. Individuals throughout life, despite thetlefforts of health care professionals,
move between different states of ill-health andthe®ne simple example is that of a
cancer that can be put into remission. An individoay start as "healthy", during follow

up develop the cancer of interest and receiventreatt and then enter remission. This
individual may then move between the state of reimisand disease throughout follow up
or indeed die from the cancer at any point duroitpév up. A similar parallel in
cardiovascular medicine would be angina. One maglde angina, receive
revascularisation therapy and be free of anginaghalevelop it again later in follow up
whilst all the time being at risk of myocardialan€tion. Therefore, instead of survival data
or time-to-event data, data on the history of evan¢ available. Multi-state models
provide a framework that allow for the analysiso€h event history data and they can be
seen as an extension of competing risk madélswill not examine multistate models in

this thesis though more detail can be found elses'é
Bias of the Kaplan Meier estimates

The need for the competing risk approach comes theniinding that in certain situations
the Kaplan-Meier approach is flawed because thenagsons of the technique are violated
in this setting. The assumption of independendé®tensoring distribution, i.e. the
distribution of the time to the competing eventsicdated in a competing events situation.

Putteret al*'%

uccinctly state thatf the competing event time distributions were
independent of the distribution of time to the ¢wénnterest, this would imply that at each
point in time the hazard of the event of intereshe same for subjects that have not yet
failed and are still under follow-up as for subjethat have experienced a competing event
by that time. However, a subject that is censomthbse of failure from a competing risk
will with certainty NOT experience the event oéiest. Since subjects that will never fail
are treated as if they could fail (they are censpréhe naive Kaplan-Meier overestimates
the probability of failure (and hence underestinsatee corresponding survival

probability)." An example is censoring people who die duringofellp when examining a
non-fatal event. This is theoretically differerrir censoring due to end of study or loss to

follow-up. In the latter situation, individuals matill fail at a later time point. In such a
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situation the naive Kaplan-Meier estimates desasibat would happen if the competing
event could be prevented, thus creating an imaghvarld in which an individual remains

at risk for failure from the event of interest. Srassues have been the subject of debate in
the literature though it is now accepted that e ghesence of competing risks the Kaplan-
Meier estimates are biased. Putteaf®in their paper explore the issues in much greater
detail than | am able to do so here, and they laesaiccinctly discussed by Rao and
Schoenfeld in another articte’.

The analysis of competing risk data

As noted the competing risks approach makes the efseaditional methods such as the
Kaplan-Meier estimate problematic. Instead thegmtgtion of cumulative survival curves
is the preferred method for presenting these aealyehe mathematical derivation of
cumulative incidence curves is beyond the scophkisfthesis but is eloquently explained
through worked examples by Puteraf*®. In essence however the cumulative incidence
curves are simply plots of the proportion of patsenith the event of interest or the
competing event as time progresses. In Kaplan-Mwialysis the two curves or groups of
interest can be compared using a log-rank testl@ndssociation between the outcome
and variable of interest examined using a Cox s=jo@ analysis whilst adjusting for other
risk factors. In a competing risks situation, tiqeigalent steps are to generate cumulative
incidence curves then test the difference betweenuéative incidence curves using the
Fine and Gra3° method, and perform a competing risk regressiatyais. Again for the
same reasons that the Kaplan-Meier plot is noablétin this situation the standard Cox
proportional hazards model analysis is not adeqguatee presence of competing risks.
This is because the cause-specific Cox model ttkatsompeting risks of the event of
interest as censored observations. To overcom@ithbidem two methods of regression
analysis have been proposed in the setting of congpesks, regression on cause-specific
hazards, which will be used in this thesis, andeggjon on the cumulative incidence

functions.
Regression on the cause-specific hazards

If the covariate is continuous or association betwihe cause-specific event is of interest,
a competing risks analogue of a Cox proportionabhds model is possible as the
regression on the cause-specific hazards is pessibproportional hazards regression on

the cause-specific hazards, we model the causdfisgezard of cause k for a subject
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with covariate vector Z, observation time t as

Ik (t|Z) = J.0(2) exp(B; Z)

One advantage of this method over that of regrsassn the cumulative incidence

functions is that the equality of covariate effemtsoss different events or outcomes can be
assessed. It is this feature of regression onahbsezspecific hazards that will be utilised in
this thesis to determine if the effect of SED o tisk of a cardiovascular event is equal

across a number of different cardiovascular ewgred.
Regression on the cumulative incidence functions

Fine and Gra¥° described a method to perform a regression djrecticumulative

incidence functions that are calculated in a compeisk analysis.

The Fine and Gray regression does not yet allovilétxébility (e.g. in testing for or
assuming equality of covariate effects across iffefailures or events) of regression on
cause-specific hazards. Given this limitation af epproach in not allowing the equality

of covariate effects across different events, tine Bnd Gray method is not used here.
Implementation of the technique

Both technigues are available in standard stagistiackages. The method of Fine and
Gray, regression on cumulative incidence is impletee in R using the cmprsk command.
However, | have used the stcompet module in Stataplement the regression on cause-
specific hazards in this thesis. Further informato implementing this command can be

found online at http://www.stata.com/support/fatg/stmfail.html.

The use of composite endpoints to deal with competi ng

risks
One method of examining competing risks that ha$aen discussed above is the use of

composite endpoints. The use of composite endpisintglespread in the medical

literature. They are commonly used to examine doame of interest in the presence of
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other outcomes of interest or competing outcomek as death. Their use is widely

debated in the medical literatuffé:?**They can be useful from a number of standpoints:

1. To decrease the sample size required to showféext of the treatment in a clinical

trial
2. To examine the totality of effect of a therapyaesociation with a variable.
3. To deal with competing risks

I will concentrate on their third use above, thisd anethod to deal with competing risks.
For example, if we take the scenario of a studyatients with angina, an endpoint of
hospitalisation for myocardial infarction would peblematic as it does not account for
death. In such an analysis deaths would be cenduooeatver these deaths are
“informative”. A patient who is censored due teath is not at the same risk of
hospitalisation, had they survived, as a patierd adrvived as long and is still at risk for
hospitalisation but say censored because they atagjand left the study. If censoring
because of death varied by groups of interestestienate of effect would be biased.
Therefore, a composite of death or myocardial atfan hospitalisation is used. Therefore,
in this thesis | also examine composite endpomesssess the impact of SED on

cardiovascular outcomes.
The impact of regression dilution

During the multivariable regression analyses, follg was taken until the end of the
study i.e. 28 years. For first hospitalisations eisdvere also constructed at 5 year
intervals up until this point. From the resultsted multivariable analysis there was
evidence of regression dilution when analyses wgtended past 25 years. Regression
dilution is a phenomenon that occurs when the #stsoa between a variable and outcome
is underestimated because of the long period & between the measurement of the
variable and the occurrence of the event of intéfésVhilst methods exist to account for
regression dilution bias, given the magnitude efgibtential loss to follow up by limiting
analyses to a period where regression dilutionvea®ccurring (i.e. the loss of 3 years of
follow up), limiting the length of follow up was ¢hmost appropriate method. This did not
alter the conclusions of the studies and removisdbilhs. Therefore, univariable and

survival analyses are limited to 25 years of follopv Hazard ratios for 28 years of follow

87



up are presented in the table of regression arsbyfskrst cardiovascular hospitalisations

to demonstrate this phenomenon.
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Results

Model Building and baseline characteristics of the cohort

Model Building

Prior to commencing analyses of the associatiowdxt SED and cardiovascular disease
a multivariable model was built and variables asged with the development of
cardiovascular disease were examined. Individuéls mo prior history suggestive of

CHD were identified. Prior CHD was defined by aifies answer to the questions on M
in Rose questionnaire or definite angina as defmethe Rose questionnaire or ECG
findings compatible with previous Ml (Q waves it leundle branch block). The outcome
of admission for CVD was used as the endpointénntiodel building stage. Initially
variables which have been consistently associat#tdoardiovascular risk were entered
into the model to adjust for their variable distition between socioeconomic groups.
Next, variables that are not considered “traditibriak factors but have previously been
shown to be associated with CVD, body mass indgjxiséed FEV1 , history of bronchitis
and cardiomegaly, were entered into the model. Baol#s stepwise regression was used
to determine those additional variables that wdadcgdjusted for in further analyses after
adjustment for the “traditional” cardiovasculakrfactors outlined in Table 15. The
significance level of the likelihood ratio testtbese variables is given in Table 15 for SED
measured by Carstairs Morris index of deprivatiod &able 16 for SED measured by

social class.

Table 15 Significance level of cardiovascular risk factors in a multivariable model when
Carstairs Morris index is used as a measure of soci  oeconomic deprivation

Variable P

Carstairs Morris index 0.0022
Age <0.0001
Sex <0.0001
Diabetes <0.0001
Smoking <0.0001
Cholesterol <0.0001
Systolic blood pressure <0.0001
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Table 16 Significance level of cardiovascular risk

factors in a multivariable model when

social class is used as a measure of socioeconomic deprivation
Variable P

Social Class 0.0066
Age <0.0001
Sex <0.0001
Diabetes 0.0007
Smoking <0.0001
Cholesterol <0.0001
Systolic blood pressure <0.0001

The relative contribution of these factors to thedel can be measured using the Chi

squared distribution and is given in Table 17. As be seen from the Chi square value the

largest contributor to the model is systolic blgudssure followed by age. These two

variables contributed most to the model when maughll cause cardiovascular

hospitalisation. As can be seen from the values 8&Measured by the Carstairs Morris

index made a greater contribution to the model #itiver cholesterol or diabetes.

A similar pattern was seen when social class wad as the measure of SED. This was a

greater contributor to the model than diabetes IET48).

Table 17 Contribution of each variable to the multi

index is used to measure socioeconomic deprivation

variable model when Carstairs Morris

Variable Chi
Systolic blood pressure 225.1
Age 178.4
Sex 150.7
Smoking 116
Carstairs Morris Index 31.2
Cholesterol 18.4
Diabetes 9.6

Table 18 Contribution of each variable to the multi
to measure socioeconomic deprivation

variable model when Social Class is used

Variable Chi
Systolic blood pressure 222.8
Age 182.4
Sex 140.8
Smoking 125.9
Cholesterol 23.7
Social Class 16.1
Diabetes 14.4
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As noted above the contribution of each of thealdes to the model was again tested for a

model that included the variables of BMI, adjusk&tl/1, history of bronchitis and

cardiomegaly on chest x-ray. This was examined fmtiCarstairs Morris index of

deprivation (Table 19) and social class (Tablegineasures of deprivation.

Table 19 Significance level of variables in the mul

index as the measure of deprivation after stepwise

tivariable model with Carstairs Morris
selection of additional risk factors

Variable P

Carstairs Morris Index 0.0022
Age <0.0001
Sex <0.0001
Diabetes <0.0001
Smoking <0.0001
Cholesterol <0.0001
Systolic blood pressure <0.0001
BMI 0.0004
FEV1 <0.0001
Bronchitis 0.0013
Cardiomegaly <0.0001

Table 20 Significance level of variables in the mul
measure of deprivation after stepwise selection of

tivariable model with Social Class as the
additional risk factors

Variable P

Social Class 0.035
Age <0.0001
Sex <0.0001
Diabetes <0.0001
Smoking <0.0001
Cholesterol <0.0001
Systolic blood pressure <0.0001
BMI 0.0003
FEV1 <0.0001
Bronchitis 0.0009
Cardiomegaly <0.0001

Interactions

Finally, for each of the main types of cardiovaactiospitalisation, interactions between

age and sex and SED measured using the Carstairgsialex and social class were

examined (Table 21 and 22). No interactions weuadowith the exception of that

between social class and age. This was the ordyaiction found, it was not congruent

with the Carstairs Morris index or strongly suggelsiby previous literature and therefore it

was not entered into the models.
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Table 21 P value of interactions between age and se  x with socioeconomic deprivation
measured by Carstairs Morris index

Deprivation Age Deprivation Sex
CVvD 0.6693 0.4215
M 0.5575 0.2446
Stroke 0.3041 0.1364
HF 0.4129 0.8635
CHD 0.2151 0.8368

Table 22 P value of interactions between age and se  x with socioeconomic deprivation
measured by social class

Social Class Age Social Class Sex
CVvD 0.7379 0.9768
M 0.0069 0.1529
Stroke 0.9696 0.2513
HF 0.7923 0.8454
CHD 0.7307 0.0709

Baseline characteristics

The baseline characteristics of the cohort accgrthrSED are outlined in table 23 and 24

according to both Carstairs Morris index and soclass.

As can be seen from Table 23 a number of variakége statistically significantly
distributed unevenly across categories of the @asshorris index. For example, mean
age in the least deprived was 54.9 years and B4l&imost deprived (P<0.001). Similarly
cholesterol and body mass index varied across grang reached statistical significance.
Each of systolic blood pressure, adjusted FEV1ptogortion of men, smokers, those

with cardiomegaly and bronchitis was also sta@iycsignificantly different across each

group.

When individuals were split by social class meam iaghe most deprived was higher than
the least deprived. Similarly systolic blood pressadjusted FEV1, the proportion of
men, smokers, those with cardiomegaly or bronchitis also statistically significantly
different across social groups. Cholesterol and/bodss index were also statistically
significantly different.
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Missing data

No variables were clinically significantly differebetween those with missing SED by
Carstairs Morris index and those assigned SED €720). Those with missing social class
had a slightly higher blood pressure (149.3mmHg 2833mmHg)) than those who has
social class assigned (151.8 (SD 25.8)), P=0.0dy Tvere also less men, P<0.001 and less
smokers, P<0.001. All other variables were notedéht between those with and without

social class assigned.

In those with missing social class there were fewen, smokers, and less with

cardiomegaly (Table 24).
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Table 23 Baseline characteristics of individuals ac ~ cording to Carstairs Morris index of deprivation

1 3 4 5 6&7 P Missing P
Test for
trend
(excluding
missing Missing
Mean SD Mean SD Mean SD Mean SD Mean SD SED) Mean SD VS. rest
Age (years) 54.9 (5.5) 53.7(5.5) 54.0 (5.5) 53.7(5.5) 54.6 (5.6) <0.001 53.6 (5.7) 0.3
Systolic BP (mmHg) 148.9 (23.7) 149.4 (23.6) 1455 (23.1) 151.3 (24.4) 147.9 (24.2) <0.001 1458 (23.1) 0.55
Cholesterol (mmol/l) 6.1(1.0) 6.2 (1.0) 6.2 (1.0) 6.1 (1.1) 6.1 (1.0) <0.001 6.3 (1.0) 0.48
Body mass index (kg/th 25.3 (3.6) 25.4 (3.7) 25,5 (3.8) 25.8 (4.0) 25.9 (4.3) <0.001 25.9 (2.8) 0.98
adjusted FEV1 (% predicted) 97.7 (22.0) 95.7 (20.5) 92.8 (22.2) 91.8 (22.0) 88.2 (23.0) <0.001 97.1 (27.9) 0.15
N % N % N % N % N % N %
Men 38 (42.2) 830 (47.1) 1,236 (44.2) 2,100 (45.9) 1,213 (43.4) 0.03 20 (66.7) 0.01
Smoker 597 (60.3) 1,281 (61.5) 2,242 (67.0) 3,837 (69.3) 2,402 (70.9) <0.001 20 (58.8) 0.28
Diabetes 7 (0.7) 28 (1.3) 40 (1.2) 69 (1.3) 46 (1.4) 0.6 7 (0.5) 0.51
Cardiomegaly 251 (25.4) 451 (21.6) 749 (22.4) 1,322 (23.9) 930 (27.4) <0.001 6 (23.1) 0.81
Bronchitis 24 (2.4) 68 (33) 154 (4.6) 276 (4.9) 231 (6.8) <0.001 2 (5.8) 0.79
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Table 24 Baseline characteristics of individuals ac

cording to Social Class

I Il I (NM) I (M) v V P Missing P
Test for
trend
(excluding
missing Missing
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD SED) Mean SD  vs.rest
Age (years) 52.9 (5.1) 53.6 (5.4) 53.8 (5.5) 54.2 (5.6) 54.8.4Y5 545 (5.8) <0.001 545 (5.8) 0.04
Systolic BP (mmHg) 146.1 (20.9) 146.7 (23.0) 147.7 (23.6) 150.1 (23.7)49.0 (24.7) 151.6 (26.0)<0.001 151.2 (24.81) 0.04
Cholesterol (mmol/l) 6.2 (1.0 6.2 (1.0 6.3 (L1) 6.0 (1L.1) 6.1 (1.1) .16(1.00 <0.001 6.1 (1.2) 058
Body mass index (kg/th 25.2 (3.4) 25.6 (3.6) 25.2 (3.8) 26.0 (3.9) 25.8.14 26.2 (4.6) <0.001 252 (42) 0.08
adjusted FEV1 (% predicted) 99.5 (21.3) 97.4 (21.2) 95.1 (21.6) 90.6 (21.9) 489(22.4) 87.0 (23.1) <0.001 90.5 (22.6) 0.08
N % N % N % N % N % N %
Men 302 (64.4) 829 (43.3) 673 (27.9) 2,302 (65.5) 1,274 (40.7) 326 (31.1)<0.001 56 (16.2) <0.001
Smoker 296 (63.1) 1,199 (62.6) 1,459 (60.7) 2,557 (72.7) 2,114 (67.6) 726 (69.3) <0.001 185 (53.6) <0.001
Diabetes 5 (1.1) 22 (1.2) 20 (0.8) 34 (0.9) 36 (1.2 14 (1.3) 0.77 6 (1.8 0.08
Cardiomegaly 70 (15.4) 374 (20.6) 549 (23.6) 775 (25.8) 302 (29.7) 773 (25.8)<0.001 93 (27.7) 0.26
Bronchitis 3 (0.6) 30 (1.6) 49 (2.0) 139 (3.9) 110 (3.5) 52 (4.8) <0.001 7 (20) 0.78
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Study participants

Of the 15,344 cohort members (which excludes 2#iddals who were lost to follow up)
with an assigned deprivation category, 2,594 wgotueed from the present analyses as
they had a history of ischaemic heart diseaseirigé;742 men and 7,053 women in the
analyses. Of the 14,995 assigned to social cle4852vere excluded with a history of

ischaemic heart disease (leaving 5,706 men andl Gydren).

The numbers of each type of first cardiovasculapitalisation experienced by each
deprivation group is outlined in Table 25 accordiog arstairs Morris index and Table 26

according to social class.
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Table 25 Number of cardiovascular hospitalisations
index category and years of follow up

Years 1 3 4 5 6&7
CvD 5 49 93 145 224 170
10 85 188 289 503 388
15 152 305 494 848 612
20 211 450 732 1295 878
25 273 594 956 1646 1060
CHD 5 18 29 32 84 59
10 25 58 76 195 136
15 51 111 159 339 233
20 71 182 256 526 333
25 89 239 346 679 408
Mi 5 13 24 28 75 46
10 20 49 61 174 114
15 42 84 130 291 186
20 59 136 200 419 250
25 70 174 256 510 304
Stroke 5 4 6 17 31 23
10 12 34 44 88 68
15 23 62 88 180 127
20 37 101 173 308 218
25 64 159 261 447 307
HF 5 3 1 6 12 9
10 7 5 16 34 24
15 14 19 42 86 55
20 29 40 80 167 118
25 42 64 135 251 169

by Carstairs Morris

Table 26 Number of cardiovascular hospitalisations
years of follow up

by social class and

Years | Il M 1IINM Y V
CVvD 5 19 100 129 206 153 64
10 35 196 264 444 367 124
15 62 340 422 740 597 206
20 105 515 646 1066 871 297
25 143 680 837 1311 1082 380
CHD 5 8 30 38 83 43 19
10 13 62 84 175 112 40
15 21 128 147 311 206 72
20 38 194 245 450 315 108
25 55 266 320 553 405 136
MI 5 6 24 29 75 35 16
10 11 51 70 157 94 31
15 18 103 117 265 168 57
20 28 150 189 366 244 79
25 43 186 235 432 302 101
Stroke 5 1 9 13 29 16 13
10 6 23 35 83 72 25
15 9 51 81 142 134 49
20 25 100 150 237 221 83
25 38 157 221 345 321 130
HF 5 1 4 2 12 8 4
10 4 7 9 26 25 12
15 6 25 29 71 58 22
20 14 53 62 135 124 40
25 20 97 100 200 173 59
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Rates of cardiovascular hospitalisations

The rate of non-fatal cardiovascular hospital disghs, after 25 years of follow up, was
highest amongst the most deprived compared taetist teprived rate ratio (RR) = 1.48
(95% confidence interval (Cl) 1.23-1.61) (Figure Bie strongest inverse relationship
appeared to be between stroke and SED, RR mosvedéws. least deprived =
1.75(95%CI 1.34-2.29), although 95% confidenceriratks overlapped substantially.
Similar results were observed when social classexamined as the measure of SED
(Figure 5)

Figure 4 Rate of cardiovascular events during 25 ye  ars of follow up by socioeconomic
deprivation measured by Carstairs Morris index.

Category 1 = least deprived, categories 6&7 = most deprived. RR = rate ratio with 95% confidence
interval, CVD = all cardiovascular disease, CHD = coronary heart disease, M|l = acute myocardial
infarction, Stroke = stroke, HF = chronic heart failure
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Figure 5 Rate of cardiovascular events during 25 ye  ars of follow up by social class

Class I=least deprived, Class V=most deprived. RR = rate ratio with 95% confidence interval, CVD
= all cardiovascular disease, CHD = coronary heart disease, Ml = acute myocardial infarction,

Stroke = stroke, HF = chronic heart failure.
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Unadjusted Kaplan Meier survival

Survival from enrolment to experiencing a cardi@udar hospitalisation discharge was
analysed using the Kaplan Meier estimates of sahfivigures 6-16). SED was
significantly associated with the risk of a CVD, BHMI, stroke and HF hospitalisations.
The association was present when both CarstairsidMadex and social class were used

as the measures of SED.

99



Figure 6 Kaplan Meier estimates of survival to afi  rst cardiovascular Figure 7 Kaplan Meier estimates of survivalto afi  rst cardiovascular
hospitalisation by Carstairs Morris index of depriv ation over 25 years of hospitalisation by social class over 25 years of fo llow up
follow up

Cardiovascular hospitalisations

Cardiovascular hospitalisations

o -
3 o P<0.0001
~ P <0.001 T 9
£ S 8 7
: E
E g 8
= e
§- o 2 4
o
o -
I I I I I I
0 5 10 15 20 25
' ' ' ' ' ' Follow up {Years)
0 5 10 15 20 25
Follow up (Years) Number at risk
Number at risk i 469 438 396 344 268 204
1 860 786 715 603 488 354 i 1914 1746 1580 1332 1038 742
3 1764 1604 1414 1503 933 55 1 iiin 2405 2195 1963 1686 1340 9672
4 5797 9546 3939 1545 1415 998 iiim 3516 3144 2664 2116 1522 1024
5 4578 4155 2699 9994 9763 1577 iv 3129 2856 2450 1983 1476 1041
6&T 2796 2501 2100 1656 1170 787 v 1047 925 794 638 470 312
_ 3 — i —
4 5 iiin iiirm
&7 i y

100



Figure 8 Kaplan Meier estimates of survival to a fi
hospitalisation by Carstairs Morris index of depriv

follow up

rst coronary heart disease
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Figure 9 Kaplan Meier estimates of survival to a fi
hospitalisation by social class over 25 years of fo
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Figure 10 Kaplan Meier estimates of survivalto af irst myocardial infarction Figure 11 Kaplan Meier estimates of survival to af irst myocardial infarction
hospitalisation by Carstairs Morris index of depriv ation over 25 years of hospitalisation by social class over 25 years of fo llow up
follow up
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Figure 12 Kaplan Meier estimates of survival to a f
by Carstairs Morris index of deprivation over 25 ye

irst stroke hospitalisation
ars of follow up

Figure 13 Kaplan Meier estimates of survival to a f
by social class over 25 years of follow up
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Figure 14 Kaplan Meier estimates of survival to a f
hospitalisation by Carstairs Morris index of depriv

irst heart failure

ation over 25 years of

follow up
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Figure 15 Kaplan Meier estimates of survival to a f
hospitalisation by social class over 25 years of fo
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Adjusted risk of cardiovascular hospitalisation

The higher risk associated with higher deprivats@s similar for each type of
cardiovascular event, with the exception of HF wehitiere was a weaker association. For
example in the most deprived individuals (measime@arstairs Morris index) the
unadjusted risk of a non-fatal cardiovascular hadipation over 25 years was 42% higher
than the least deprived (hazard ratio HR=1.42, €9%.24-1.62) (Table 27). Again stroke
displayed one of the strongest gradients of assogiaith SED with an approximate
doubling of risk in the most versus least depriwdfhilst adjustment for “traditional”
cardiovascular risk factors attenuated these assmas, the relationship was clearly
evident with all outcomes. Further adjustment fodypomass index, FEV1 and
cardiomegaly attenuated the relationship only sygihe excess risk associated with
higher SED was evident, albeit non-significantern years follow up, was clearer and
significant by 10 years, and persisted over 25g/efollow up. Similar results were
observed when social class was used as the me#ssED (Table 28). In analyses of both
Carstairs Morris index and social class, by 28 yedirfollow up (i.e. until the end of

follow up), the HR associated with SED startedaib This most likely represents
regression dilution. In subsequent models in thapter, follow up for 25 years only is

therefore presented.

The results of the full models with the HR assadawith each variable, in each model,
are presented in Appendix 1. Only the resultsHertiospitalisations of any cardiovascular
diseases are presented, however, results for liee otitcomes analysed separately were

similar.

105



Table 27 Unadjusted and adjusted risk of non-fatal

Hazard ratio for deprivation category 6&7 (most deprived) versus 1 (least deprived). CVD = all cardiovascular disease, CHD = coronary heart disease, M| = acute

myocardial infarction, HF = heart failure

cardiovascular hospitalisation over 28 years at 5y

ear intervals by Carstairs Morris index of deprivation

Unadjusted Adjusted (“traditional” risk factors*) Fully adjusted **
Follow
up
(years) HR 95% ClI P HR 95% ClI P HR 95%Cl P
CVD 5 1.07 0.78 1.48 0.656 1.02 074 140 0.904 0.97 0.70 1.35 0.855
10 1.46 1.15 1.85 0.002 138 109 175 0.007 1.34 1.05 171 0.019
15 1.33 1.12 159 0.001 128 1.07 153 0.007 1.22 1.01 1.46 0.035
20 1.45 125 169 <0.001 141 121 164 <0.001 1.33 114 1.56 <0.001
25 1.42 124 162 <0.001 139 121 1.58 <0.001 1.30 114 149 <0.001
28 1.36 1.20 1.54 <0.001 1.34 118 151 <0.001 1.27 1.11 1.44 <0.001
CHD 5 1.02 0.60 1.72 0.955 1.02 060 172 0.955 0.97 0.56 1.67 0.905
10 1.73 1.13 2.65 0.012 165 1.08 253 0.022 1.62 1.04 250 0.032
15 1.51 1.12 2.05 0.008 145 1.07 1.96 0.017 1.45 1.06 1.98 0.021
20 1.63 126 210 <0.001 157 122 203 0.001 1.55 119 2.02 0.001
25 1.66 132 2.08 <0.001 161 128 2.02 <0.001 157 124 1.99 <0.001
28 1.55 125 191 <0.001 151 122 1.86 <0.001 1.46 118 1.81 0.001
Ml 5 1.10 0.59 2.03 0.767 1.04 056 192 0.903 1.08 0.57 2.04 0.824
10 1.81 1.13 292 0.014 173 107 278 0.024 1.77 1.08 2.88 0.023
15 1.46 1.04 2.03 0.028 138 099 193 0.058 1.42 1.00 2.01 0.049
20 1.45 1.09 1.92 0.011 139 104 184 0.024 1.40 1.04 1.88 0.026
25 1.53 1.18 1.99 0.001 148 114 192 0.003 1.49 1.14 195 0.004
28 1.48 1.16 1.89 0.002 143 112 1.83 0.004 1.43 111 1.84 0.005
Stroke 5 1.78 0.62 5.15 0.286 1.74 0.60 5.05 0.305 1.55 0.53 455 0.424
10 1.80 0.98 3.33 0.059 173 094 3.20 0.079 1.56 0.84 2.90 0.16
15 1.82 1.16 2.83 0.009 178 114 278 0.011 1.53 0.98 2.40 0.063
20 2.04 144 289 <0.001 204 144 290 <0.001 1.87 1.31 2.68 0.001
25 1.75 134 229 <0.001 178 136 2.33 <0.001 1.60 122 211 0.001

106



28 1.66 131 212 <0.001 171 134 217 <0.001 1.56 122  2.00 <0.001
HF 5 0.93 0.25 3.44 0.916 0.88 0.24 3.25 0.846 0.88 0.18 4.19 0.87
10 1.09 0.47 254 0.836 1.03 044 240 0.938 0.78 0.31 1.95 0.6
15 1.30 072 234 0.379 126 070 227 0.436 1.05 056 1.99 0.869
20 1.42 095 213 0.089 141 094 212 0.097 111 0.73 1.70 0.628
25 1.48 1.05 207 0.024 149 106 2.09 0.022 1.22 0.86 1.74 0.258
28 1.32 098 1.78 0.066 134 0.99 1.80 0.055 1.10 0.81 149 0.555

*age, sex, smoking, cholesterol, diabetes, sysRHc
** age, sex, smoking, cholesterol, diabetes, sis®iP, BMI, adjusted FEV1, cardiomegaly
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Table 28 Unadjusted and adjusted risk of non-fatal

Hazard ratio for social class V (most deprived) versus | (least deprived). RR= rate ratio with 95% confidence interval, CVD = all cardiovascular disease, CHD = coronary

cardiovascular events over 28 years at 5 year inter

heart disease, MI = acute myocardial infarction, HF = chronic heart failure

vals by social class

Unadjusted Adjusted (“traditional” risk factors)* Fully adjusted*
Follow
Up
(Years) HR 95% CI P HR 95% CI P HR 95% CI P
CVD 5 1.55 0.93 258 0.095 1.64 0.98 2.75 0.061 1.68 0.96 2.93 0.07
10 1.68 115 2.44 0.007 1.69 1.16 2.46 0.007 1.63 1.10 2.42 0.015
15 1.63 123 217 0.001 1.67 1.26 2.23 <0.0001 1.63 121 2.20 0.001
20 1.44 1.15 1.80 0.001 1.48 1.19 1.86 0.001 1.40 111 1.76 0.005
25 1.40 1.16 1.70 0.001 1.44 1.19 1.75 <0.0001 1.36 111 1.66 0.003
28 1.36 1.14 1.63 0.001 1.40 1.17 1.68 <0.0001 1.31 1.08 1.57 0.005
CHD 5 1.08 0.47 247 0.855 1.31 0.57 3.02 0.524 1.65 0.65 4.19 0.295
10 1.43 0.76 2.67 0.265 1.63 0.87 3.06 0.129 1.77 0.90 3.49 0.099
15 1.65 1.02 2.69 0.043 1.94 1.19 3.16 0.008 1.99 1.19 3.33 0.008
20 1.42 0.98 2.06 0.061 1.65 1.13 2.39 0.009 1.60 1.09 2.35 0.017
25 1.28 0.94 175 0.122 1.47 1.07 2.02 0.016 1.42 1.03 1.97 0.035
28 1.23 0.93 1.63 0.153 1.43 1.07 1.90 0.015 1.37 1.02 1.84 0.035
Ml 5 1.22 048 3.11 0.682 1.47 0.57 3.78 0.427 1.80 0.65 4.96 0.257
10 1.31 0.66 2.60 0.443 1.49 0.75 2.99 0.255 1.65 0.80 3.38 0.175
15 1.52 0.89 258 0.121 1.77 1.04 3.01 0.037 1.82 1.05 3.14 0.033
20 1.40 091 216 0.124 1.64 1.06 2.53 0.026 1.61 1.03 2.51 0.036
25 1.20 0.84 171 0.323 141 0.98 2.02 0.061 1.39 0.96 2.02 0.078
28 1.22 0.88 171 0.23 1.44 1.03 2.01 0.032 1.41 1.00 1.99 0.049
Stroke 5 5.95 0.78 45.48 0.086 4.99 0.65 38.49 0.123 0
10 1.97 0.81 4.79 0.137 1.39 0.57 341 0.471 1.44 0.54 381 0.462
15 2.65 1.30 5.39 0.007 1.99 0.97 4.07 0.059 191 0.90 4.07 0.093
20 1.68 1.08 2.63 0.023 141 0.90 222 0.134 1.29 0.81 2.06 0.276
25 1.81 126 2.59 0.001 157 1.09 2.26 0.015 1.45 099 211 0.054
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28 1.71 1.23 2.38 0.001 1.50 1.07  2.09 0.017 1.36 0.97 1.92 0.076
HF 5 1.83 0.20 16.38 0.589 1.56 0.17 14.24 0.692 1.08 0.12 10.02 0.946
10 141 0.45 4.37 0.553 1.22 0.39 3.83 0.737 0.74 0.23 2.37 0.612
15 1.79 0.73 4.42 0.206 1.68 0.67 4.16 0.266 1.09 043 272 0.858
20 1.47 0.80 2.69 0.218 1.39 0.75 257 0.294 1.06 0.56 2.01 0.853
25 1.57 095 261 0.081 1.47 0.88 2.46 0.138 1.22 071 2.09 0.476
28 1.90 121 3.00 0.006 1.78 112 2.81 0.014 1.43 0.88 231 0.146

*age, sex, smoking, cholesterol, diabetes, sysRHc

** age, sex, smoking, cholesterol, diabetes, sis®iP, BMI, adjusted FEV1, cardiomegaly
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Accounting for the impact of all cause mortality

A number of composite outcomes incorporating allseamortality were also examined.
As with each individual cardiovascular disease type most deprived displayed higher
rates of each of the composite outcomes (Tablesd8B0 and Figures16 and 17). For
example, the risk of a non-fatal cardiovasculampitatisations or all cause mortality was
higher in the most deprived vs. the least deprimedsured using Carstairs Morris index
RR=1.44(95%CI 1.30-1.59). Similarly the higher upated risk associated with SED was
observed for each of the composite outcomes (Tzblefor example the unadjusted
hazard of death or cardiovascular disease was HR£25%Cl 1.31-1.59). The
association again persisted after adjustment faditional” major cardiovascular risk
factors and following the addition of further rifdctors (Table 31). Again, similar results

were seen using social class as the measure of Bitile 32).
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Table 29 Number of events by composite outcome acco

rding to Carstairs Morris index of deprivation

1 3 4 5 6&7
Death/CVD 5 25/49 64/93 99/145 191/224 120/170
10 59/85 155/188 249/289 430/503 292/388
15 104/152 248/305 429/494 716/848 507/612
20 160/211 370/450 619/732 999/1295 727/878
25 232/273 475/594 811/956 1334/1646 928/1060
Death/CHD 5 31/18 75/29 113/32 224/84 148/59
10 73/25 188/58 303/76 523/195 385/136
15 135/51 328/111 558/159 921/339 682/233
20 220/71 490/182 833/256 1375/526 1025/333
25 330/89 667/239 1156/346 1918/679 1377/408
Death/ MI 5 32/13 75124 113/28 225/75 151/46
10 76/20 189/49 306/61 524/174 391/114
15 193/42 335/84 563/130 932/291 695/186
20 225/59 506/136 851/200 1404/419 1055/250
25 336/70 694/174 1190/256 1988/510 1421/304
Death/Stroke 5 34/4 7516 113/17 233/31 151/23
10 80/12 193/34 311/44 547/88 397/68
15 147/23 339/62 566/88 963/180 714/127
20 236/37 517/101 857/173 1445/308 1059/218
25 335/64 705/159 1164/261 2001/447 1410/307
Death/ HF 5 32/3 78/1 117/6 240/12 161/9
10 7817 206/5 321/16 570/34 425/24
15 148/14 361/19 594/42 1022/86 757/55
20 237/29 554/40 901/80 1523/167 1127/118
25 348/42 760/64 1246/135 2121/251 1503/169
Death/ MI / Stroke 5 31/13/4 72/24/6 107/27/17 211/75/27 137/45/20
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10 71/19/12 174/49/33 287/60/43 486/172/76 348/112/64

15 127/41/23 302/84/58 508/128/85 834/288/155 616/181/121

20 205/57/37 447/135/93 752/195/161 1234/409/265 916/240/202

25 297/66/60 599/170/142 1020/245/244 1712/495/388 1209/290/281
Death/ CHD / Stroke 5 30/18/4 72/129/6 107/30/17 21/84/27 137/58/20

10 69/24/11 173/58/33 285/74/43 485/193/76 342/135/63

15 124/50/22 295/111/58 504/156/83 824/336/153 64/227/120

20 201/69/36 432/179/91 736/249/158 1209/512/260 890/321/197

25 292/85/59 575/233/139 991/333/235 1657/659/373 1172/392/271
Death/ Ml / Stroke/ HF 5 28/9/4/2 72/17/6/1 107/22/16/6 205/45/28/12 133/40/20/8

10 67/14/11/6 172/97/33/5 282/46/41/15 468/119/89/32 336/87/64/23

15 118/33/22/12 289/63/59/18 488/96/80/41 798/206/159/80 587/134/120/53

20 190/46/35/27 426/98/93/36 714/146/154/76 1153/297/275/158 856/177/204/112

25 273/54/61/40 564/127/148/60 961/187/236/126 1589/372/396/237 1118/213/286/160
Death/ CHD / Stroke/ HF 5 27/13/4/2 72/22/1/6 107/24/16/6 204/51/28/12 130/51/20/8

10 65/18/11/6 171/45/33/5 281/55/41/15 467/136/83/32 330/106/64/23

15 115/41/22/12 282/85/59/18 485/115/80/41 790/242/159/80 575/174/120/53

20 186/55/35/27 413/136/94/35 702/186/154/76 1135/377/275/158 834/244/204/112

25 269/69/61/40 543/183/149/59 941/251/236/126 1553/496/396/237 1087/299/286/160
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Table 30 Number of events by composite outcome acco

rding to social class

| Il N M \% \%
Death/CVD 5 12/19 61/100 771129 158/206 117/153 57/64
10 35/35 125/196 169/264 391/444 298/367 126/124
15 60/62 227/340 285/422 638/740 529/597 197/206
20 93/105 346/515 406/646 903/1066 761/871 2731297
25 119/143 476/680 593/837 1155/1311 984/1082 347/380
Death/CHD 5 15/8 72/30 94/38 190/83 137/43 64/19
10 42/13 153/62 213/84 490/175 376/112 151/40
15 72/21 298/128 378/147 830/311 703/206 258/72
20 12/38 472/194 590/245 1221/450 1046/315 375/108
25 164/55 693/266 878/320 1636/553 1426/405 504/136
Death/ MI 5 15/6 73/24 95/29 192/75 137/35 65/16
10 43/11 154/51 215/70 493/157 381/94 154/31
15 73/18 303/103 386/117 841/265 712/168 267/57
20 123/28 484/150 608/189 1247/366 1072/244 385/79
25 172/43 720/186 909/235 1686/432 1469/302 520/101
Death/Stroke 5 15/1 70/9 93/13 199/29 139/16 71/13
10 43/6 158/23 224/35 513/83 389/72 157/25
15 75/9 320/51 391/81 879/142 727/134 260/49
20 120/25 501/100 619/150 1311/237 1084/221 368/83
25 173/38 727/157 906/221 1732/345 1439/321 497/130
Death/ HF 5 15/1 75/4 97/2 206/12 142/8 74/4
10 43/4 167/7 234/9 540/26 406/25 166/12
15 74/6 337/25 417/29 925/71 768/58 277122
20 126/14 524/53 671/62 1361/135 1134/124 402/40
25 182/20 761/97 985/100 1821/200 1533/173 540/59
Death/ MI / Stroke 5 14/0/6 66/24/9 89/29/12 179/75/25 130/34/15 61/15/13
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10 40/11/4 140/51/23 201/34/68 448/156/76 351/92/66 142/30/23
15 68/18/7 270/103/50 350/114/72 753/263/131 636/164/122 235/55/46
20 107/28/20 430/146/94 529/183/130 1106/362/217 944/233/200 332/76/77
25 148/42/33 623/179/145 777/225/197 1464/421/310 1256/288/286 438/96/119
Death/ CHD / Stroke 5 14/8/0 65/30/9 88/38/12 177/82/25 130/42/15 60/18/13
10 40/13/3 139/62/23 199/173/76 446/173/76 346/110/66 139/39/23
15 68/21/6 265/128/50 342/145/71 744/307/130 627/201/121 230/70/44
20 106/38/19 420/190/92 512/240/126 1084/439/213 920/302/198 323/104/75
25 143/54/30 599/259/140 748/311/192 1427/535/299 1218/389/279 425/129/114
Death/ Ml / Stroke/ HF 5 13/5/0/1 64/18/9/4 87/21/12/2 175/50/26/10 127/24/14/8 60/14/13/4
10 38/9/3/4 136/41/23/7 197/48/33/9 435/114/79/23 337/65/69/25 140/23/23/11
15 65/13/6/6 257/74/50/25 339/86/73/26 718/195/133/66 603/117/119/56 225/45/45/21
20 100/22/19/14 403/109/92/52 504/140/133/57 1036/265/222/123 877/164/197/119 315/60/77/39
25 138/33/32/20 576/139/144/93 733/174/195/94 1365/314/322/184 1162/208/289/165 405/76/119/5613
Death/ CHD / Stroke/ HF 5 13/6/0/1 63/23/9/4 86/27/12/2 173/57/26/10 127/30/14/8 59/17/13/4
10 38/10/3/4 135/50/23/7 195/59/33/9 433/128/79/23 333/79/69/25 137/31/23/11
15 65/14/6/6 252/94/50/25 331/111/73/26 711/231/133/66 595/147/119/56 220/56/45/21
20 100/28/19/14 394/144/93/51 488/188/133/57 1020/327/222/123 860/216/197/119 307/84/77/39
25 136/40/32/20 557/201/145/92 709/247/195/94 1341/401/322/184 1134/288/289/165 394/104/119/56
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Figure 16 Rate of composite cardiovascular events d  uring 25 years of follow up by socioeconomic depriv ation measured by Carstairs Morris index deprivatio n
category

Category 1 = least deprived, categories 6&7 = most deprived. RR = rate ratio with 95% confidence interval, CVD = all cardiovascular disease, CHD = coronary heart

disease, MI = acute myocardial infarction, Stroke = stroke, HF = chronic heart failure.
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Figure 17 Rate of composite events during 25 years of follow up by social class

Class I=least deprived, Class V=most deprived, RBte ratio with 95% confidence interval, CVD = edirdiovascular disease, CHD = coronary heart giisédl = acute myocardial

infarction, Stroke = stroke, HF = chronic heartuieg.
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Table 31 Unadjusted and adjusted risk of composite

endpoints with death

Hazard ratio for deprivation category 6&7 (most deprived) versus 1 (least deprived). CVD = all cardiovascular disease, CHD = coronary heart disease, Ml = acute

myocardial infarction, Stroke = stroke, HF = chronic heart failure.

Unadjusted Adjusted (“traditional” risk factors*) Fully adjusted **
95% ClI P 95% ClI P HR 95%ClI P
Death or CVD 5 121 0.94 157 0.136 1.16 0.90 150 0.254 1.08 0.83 140 0.58
10 151 1.26 1.81 <0.001 1.45 121 1.73 <0.001 1.34 112 1.62 0.002
15 145 1.27 1.66 <0.001 1.40 1.22 1.60 <0.001 1.30 1.13 1.49 <0.001
20 151 1.35 1.69 <0.001 1.47 1.31 1.65 <0.001 1.37 122 154 <0.001
25 1.44 1.31 1.59 <0.001 1.42 1.28 1.56 <0.001 1.31 1.19 1.45 <0.001
Death or CHD 5 1.31 0.96 1.79 0.089 1.25 092 171 0.155 1.17 0.85 1.61 0.342
10 1.70 1.37 2.10 <0.001 1.64 1.32 2.03 <0.001 1.49 1.19 1.85 <0.001
15 1.63 1.39 1.90 <0.001 1.58 1.35 1.85 <0.001 1.45 1.24 171 <0.001
20 1.62 1.43 1.84 <0.001 1.59 1.40 1.81 <0.001 1.47 1.29 1.67 <0.001
25 1.55 1.40 1.73 <0.001 1.54 1.38 1.71 <0.001 1.41 1.27 1.58 <0.001
Death or M 5 1.36 0.98 1.88 0.064 1.30 0.94 1.80 0.111 1.22 0.87 170 0.246
10 1.66 1.34 2.06 <0.001 161 1.29 2.00 <0.001 1.47 117 1.83 0.001
15 1.59 135 1.86 <0.001 1.54 132 181 <0.001 1.42 1.20 1.67 <0.001
20 1.57 1.38 1.78 <0.001 1.54 1.35 1.75 <0.001 1.42 1.24 1.62 <0.001
25 152 1.36 1.69 <0.001 151 1.36 1.68 <0.001 1.39 1.24 1.55 <0.001
Death or Stroke 5 142 1.00 2.02 0.05 1.36 0.96 1.94 0.083 1.24 0.87 1.78 0.235
10 161 1.28 2.01 <0.001 1.56 1.25 1.95 <0.001 1.39 111 175 0.005
15 1.62 1.37 191 <0.001 1.58 1.34 1.87 <0.001 1.42 1.20 1.68 <0.001
20 1.60 1.40 1.82 <0.001 1.59 1.39 181 <0.001 1.45 1.27 1.66 <0.001
25 1.54 1.38 1.72 <0.001 1.55 1.39 1.73 <0.001 1.41 1.26 1.58 <0.001
Death or HF 5 151 1.05 217 0.027 1.45 1.00 2.08 0.047 1.30 0.90 1.89 0.166
10 1.68 1.33 212 <0.001 1.63 1.29 2.05 <0.001 1.45 114 184 0.002
15 1.64 139 194 <0.001 161 1.36 1.90 <0.001 1.44 121 171 <0.001
20 1.60 1.40 1.82 <0.001 1.58 139 181 <0.001 1.43 1.24 1.63 <0.001
25 1.53 1.37 1.71 <0.001 1.54 1.38 1.72 <0.001 1.39 1.24 1.56 <0.001
Death/MI/Stroke 5 131 0.95 1.79 0.097 1.25 091 172 0.162 1.18 0.85 1.63 0.317
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10 1.64 1.33 2.03 <0.001 1.59 1.28 1.96 <0.001 1.45 117 1.80 <0.001
15 1.59 136 1.85 <0.001 1.54 132 181 <0.001 1.42 121 1.67 <0.001
20 1.57 138 1.78 <0.001 1.54 136 175 <0.001 1.43 126 1.63 <0.001
25 1.52 137 1.69 <0.001 1.52 1.36  1.69 <0.001 1.40 125 1.56 <0.001
Death/CHD/Stroke 5 1.26 093 171 0.131 121 0.89 164 0.216 113 0.83 155 0.425
10 1.66 135 205 <0.001 1.60 1.30 1.97 <0.001 1.45 117 1.80 0.001
15 161 138 1.88 <0.001 1.56 134 1.83 <0.001 1.44 123 1.68 <0.001
20 1.60 142 1.82 <0.001 1.58 139 178 <0.001 1.46 129 1.66 <0.001
25 1.54 139 171 <0.001 1.53 1.38 1.70 <0.001 141 127 157 <0.001
Death/MI/Stroke/HF 5 1.45 1.05 2.02 0.026 1.40 1.00 1.94 0.047 1.29 0.92 1.80 0.137
10 1.66 1.34 2.07 <0.001 161 1.30 2.00 <0.001 1.45 117 181 0.001
15 1.60 136 1.87 <0.001 1.56 1.33 1.82 <0.001 1.42 121 1.67 <0.001
20 1.56 138 1.77 <0.001 154 136 175 <0.001 1.42 125 1.62 <0.001
25 151 136 1.67 <0.001 1.50 1.35 1.67 <0.001 1.38 124 154 <0.001
Death/CHD/Stroke/HF 5 141 1.03 194 0.034 1.36 0.98 1.87 0.062 1.25 0.90 173 0.181
10 1.67 135 207 <0.001 161 1.30 2.00 <0.001 1.45 117 181 0.001
15 161 138 1.88 <0.001 1.57 134 1.83 <0.001 1.43 122 1.68 <0.001
20 1.60 142 1.82 <0.001 1.58 139 179 <0.001 1.46 128 1.66 <0.001
25 1.53 138 1.70 <0.001 1.53 1.38 1.69 <0.001 1.40 126 1.56 <0.001

*age, sex, smoking, cholesterol, diabetes, sysiRHc

** age, sex, smoking, cholesterol, diabetes, sis®iP, BMI, adjusted FEV1, cardiomegaly
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Table 32. Unadjusted and adjusted risk of composite endpoint s with death at 5 year intervals

Hazard ratio for social class V (most deprived) versus | (least deprived). (CVD = all cardiovascular disease, CHD = coronary heart disease, Ml = acute myocardial
infarction, Stroke = stroke, HF = chronic heart failure)

Unadjusted Adjusted (“traditional” risk factors)* Fully adjusted**
Years HR 95% ClI P HR 95% CI P HR 95% CI P
Death or CVD 5 179 121 266 0.004 1.75 1.18 2.61 0.006 1.66 1.10 253 0.017
10 169 130 221 <0.0001 1.64 1.26 2.14 <0.0001 1.52 1.15 2.00 0.003
15 1.62 1.33 1.99 <0.0001 1.61 1.31 1.98 <0.0001 1.47 1.19 1.81 <0.0001
20 147 125 1.73 <0.0001 1.47 1.25 1.73 <0.0001 1.33 113 157 0.001
25 147 128 169 <0.0001 1.46 1.27 1.68 <0.0001 1.33 1.15 154 <0.0001
Death or CHD 5 164 104 261 0.035 1.56 0.98 2.48 0.061 1.55 095 254 0.082
10 161 120 218 0.002 1.54 1.14 2.08 0.005 1.44 1.05 196 0.024
15 171 136 215 <0.0001 1.68 1.34 212 <0.0001 1.50 118 1.90 0.001
20 152 127 182 <0.0001 151 1.26 1.81 <0.0001 1.37 1.13 165 0.001
25 152 131 178 <0.0001 1.50 1.28 1.75 <0.0001 1.34 1.14 157 <0.0001
Death or M 5 176 109 285 0.021 1.66 1.02 2.69 0.041 1.61 0.97 2.66 0.066
10 159 118 216 0.003 1.51 1.12 2.06 0.008 1.41 1.03 193 0.033
15 170 134 214 <0.0001 1.66 1.31 2.10 <0.0001 1.46 115 186 0.002
20 153 128 1.84 <0.0001 1.52 1.26 1.83 <0.0001 1.36 1.13 165 0.001
25 1.49 1.28 1.75 <0.0001 1.47 1.25 1.71 <0.0001 1.31 1.12 1.54 0.001
Death or Stroke 5 241 141 411 0.001 211 1.23 3.62 0.006 1.89 1.08 3.29 0.025
10 175 128 240 0.001 1.56 1.13 2.14 0.006 1.38 100 191 0.052
15 178 140 227 <0.0001 1.65 1.29 2.10 <0.0001 1.42 111 182 0.005
20 156 130 1.88 <0.0001 1.49 1.24 1.80 <0.0001 1.33 109 161 0.004
25 155 133 1.81 <0.0001 1.47 1.26 1.72 <0.0001 1.32 112 155 0.001
Death or HF 5 223 130 382 0.004 1.93 1.12 3.32 0.017 1.74 099 3.04 0.052
10 177 129 245 <0.0001 161 1.16 2.22 0.004 1.42 1.02 198 0.037
15 180 141 231 <0.0001 1.69 1.32 2.17 <0.0001 1.45 113 187 0.004
20 158 131 192 <0.0001 1.52 1.25 1.84 <0.0001 1.34 1.10 1.63 0.004
25 1.54 1.32 1.81 <0.0001 1.47 1.25 1.72 <0.0001 1.31 1.11 1.55 0.001
Death/MI/Stroke 5 204 126 332 0.004 1.93 1.19 3.15 0.008 1.77 1.07 292 0.026
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10 166 123 224 0.001 1.56 1.15 211 0.004 141 1.04 1.92 0.028
15 175 139 220 <0.0001 1.69 1.34 2.13 <0.0001 1.47 1.16 1.86 0.001
20 157 131 1.88 <0.0001 1.56 1.30 1.87 <0.0001 1.39 1.15 1.67 0.001
25 153 131 1.78 <0.0001 151 1.29 1.76 <0.0001 1.35 1.15 1.58 <0.0001
Death/CHD/Stroke 5 189 119 3.01 0.007 1.81 1.13 2.89 0.013 1.70 1.04 278 0.034
10 168 125 226 0.001 1.59 1.18 2.14 0.002 1.44 1.06 1.96 0.02
15 175 140 220 <0.0001 1.72 1.36 2.16 <0.0001 1.50 1.19 1.90 0.001
20 155 130 1.85 <0.0001 154 1.29 1.85 <0.0001 1.38 1.15 1.66 0.001
25 154 133 1.80 <0.0001 153 131 1.78 <0.0001 1.36 1.17 1.59 <0.0001
Death/MI/Stroke/HF 5 220 134 361 0.002 2.04 1.24 3.36 0.005 1.86 112 311 0.017
10 171 127 231 <0.0001 1.59 1.17 2.15 0.003 1.43 1.05 1.95 0.024
15 1.81 1.44 229 <0.0001 1.75 1.38 2.21 <0.0001 1.50 1.18 191 0.001
20 160 134 192 <0.0001 1.58 1.32 1.90 <0.0001 1.40 1.16 1.68 <0.0001
25 155 133 1.80 <0.0001 1.53 131 1.78 <0.0001 1.37 1.17 1.60 <0.0001
Death/CHD/Stroke/HF 5 213 132 3.46 0.002 2.00 1.23 3.26 0.005 191 114 3.8 0.013
10 172 128 232 <0.0001 1.61 1.19 2.18 0.002 1.46 1.07 1.99 0.016
15 183 145 230 <0.0001 1.78 141 2.25 <0.0001 1.55 1.22 1.97 <0.0001
20 160 134 191 <0.0001 1.59 1.33 1.90 <0.0001 142 1.18 1.71 <0.0001
25 157 135 1.82 <0.0001 1.56 1.34 1.81 <0.0001 1.39 1.19 1.62 <0.0001

*age, sex, smoking, cholesterol, diabetes, sysRHc

** age, sex, smoking, cholesterol, diabetes, sis®iP, BMI, adjusted FEV1, cardiomegaly
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In a competing risk multivariable regression (T&akiby, the most deprived (measured
using Carstairs Morris index) displayed a highsk of a cardiovascular hospitalisation
than the least deprived (HR=1.47 95%CI 1.27-1.%8)Ist also exhibiting a higher risk of
all cause mortality (HR=1.41, 95%CI 1.24-1.61) befadjustment for the “traditional”

risk factors. This association persisted after stdj@nt so that the most deprived were at
higher risk of cardiovascular events than the ldaptived (HR=1.45 95%CI 1.26-1.68)
whilst still displaying a higher risk of all caus®rtality (HR= 1.39 95%CI 1.24-1.58).
Again, similar results were observed when socedlwas used to determine SED (Table
34)

Comparison of the association of SED with different

cardiovascular events

Although the relationship between SED and vari@rsliovascular outcomes were broadly
similar it appeared that the relationship with ké&revas strongest. This was formally tested
in a competing events analysis between all corohagayt disease and stroke, and,
myocardial infarction and stroke (Tables 33 and 3fg unadjusted risk of coronary heart
disease was higher in the most versus least depHfR=1.67 (95%CI 1.33-2.12) whilst
the risk of stroke was also higher HR=1.72 (95%@DB312.28). When these hazards were
formally tested no statistically significant difearce was found indicating the risk
associated with socioeconomic deprivation and canpheart disease is not statistically
different from that with stroke. The relationshiipl dot change after adjustment. The risk
associated with SED was also not different whenaaydial infarction was compared with
stroke. Whilst the association with HF was the veslkhis could not be tested due to a

lack of statistical power.

This comparison is displayed graphically in the alative incidence curves for death and
cardiovascular disease (Figures 18 and 19), coydreart disease and stroke (Figures 20
and 21) and myocardial infarction and stroke (Fégu22 and 23). As can be seen from the
plots the relationship between SED and each outésrmsienilar as tested by the competing

risks analysis.
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Table 33. Unadjusted and adjusted risk of non-fatal cardiova

Hazard ratio for deprivation category 6&7 (most deprived) versus 1 (least deprived). CVD = all cardiovascular disease, CHD = coronary heart disease, Ml = acute

myocardial infarction.

scular events as composite endpoints and in a compe

ting risk model by Carstairs Morris index

Adjusted

N Events (“traditional” Fully

Category 6&7 Category 6&7 Unadjusted 95% CI risk factors*)  95% CI adjusted ** 95% CI
Death or CVD 2796 1060 deaths, 928 CVD 1.47 1.28 1.69 1.46 1.27 1.68 1.33 1.15 154
Competing risk
(Death and CVD)
Death 2796 1060 1.41 124 161 1.39 1.24 158 1.30 113 1.49
CVvD 2796 928 1.47 1.27 1.69 145 1.26 1.68 1.32 114 1.53
CHD or Stroke 2796 392 CHD, 271 Stroke 1.69 141 2.02 1.67 121 171 1.60 133 1.92
Competing risk
(CHD or Stroke)
CHD 2796 392 1.67 1.33 212 1.62 1.28 2.05 1.60 1.26 2.04
Stroke 2796 271 1.72 1.29 2.28 1.74 131 2.30 1.58 119 211
Ml or Stroke 2796 290 M, 281 Stroke 1.64 1.35 1.99 1.62 133 1.96 1.56 128 1.9
Competing risk
(Ml or Stroke)
Mi 2796 290 1.56 1.19 2.03 1.50 115 1.96 1.52 1.15 2.00
Stroke 2796 281 1.73 1.31 2.29 1.75 1.33 2.32 1.60 1.20 2.13

*age, sex, smoking, cholesterol, diabetes, sysRHc
** age, sex, smoking, cholesterol, diabetes, sis®iP, BMI, adjusted FEV1, cardiomegaly
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Table 34 Unadjusted and adjusted risk of non-fatal

Hazard ratio for social class V (most deprived) versus social class | (least deprived). CVD = all cardiovascular disease, CHD = coronary heart disease, Ml = acute
myocardial infarction

cardiovascular events as composite endpoints and in

a competing risk model by social class

Adjusted
N Events (“traditional” Fully
Social Class V Social Class V Unadjusted  95% ClI risk factors*)  95% CI adjusted ** 95% CI

347 deaths,
Death or CVD 1301 380 CVD 1.40 1.16 1.70 1.58 1.23 2.02 1.48 1.15 1.92
Competing risk
(Death and CVD)
Death 1301 347 1.40 1.16 1.70 1.44 1.19 1.75 1.35 1.11 1.66
CVvD 1301 380 1.55 126 191 1.47 1.20 1.82 1.30 1.05 1.60

176 CHD,
CHD or Stroke 1301 137 Stroke 1.52 1.19 1.95 1.58 1.23 2.02 1.39 1.00 1.93
Competing risk
(CHD or Stroke)
CHD 1301 176 1.24 091 171 1.45 1.05 1.99 1.60 1.26 2.04
Stroke 1301 137 2.03 1.35 3.03 1.75 1.17 2.63 1.59 1.05 241

131 M,
MI or Stroke 1301 144 Stroke 1.50 1.15 1.95 1.54 1.78 2.00 1.45 1.11 191
Competing risk
(Ml or Stroke)
Ml 1301 131 1.17 0.82 1.68 1.39 0.97 2.00 1.37 0.94 2.00
Stroke 1301 144 1.92 1.30 281 1.66 1.13 2.46 1.50 1.01 224

*age, sex, smoking, cholesterol, diabetes, sysRHc

** age, sex, smoking, cholesterol, diabetes, sis®iP, BMI, adjusted FEV1, cardiomegaly

123



Figure 18 Cumulative incidence curve for death and all cardiovascular Figure 19 Cumulative incidence curve for death and all cardiovascular
disease according to Carstairs Morris index of depr ivation disease according to social class
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Figure 20 Cumulative incidence curve for coronary h eart disease and
stroke according to Carstairs Morris index of depri vation
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Figure 21 Cumulative incidence curve for coronary h eart disease and
stroke according to social class
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Figure 22 Cumulative incidence curve for myocardial infarction and stroke
according Carstairs Morris index of deprivation
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Figure 23 Cumulative incidence curve for myocardial

according to social class
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Discussion

In this large prospective cohort study of men awodhen in the West of Scotland the risk
of cardiovascular hospitalisation was higher inrtihest deprived. This association was
persisted following adjustment for a number of ditenal” risk factors and importantly,
the risk of a number of different forms of cardisgalar disease was higher in the most
deprived. This risk was present despite the magstivled also being at a higher risk of all
cause mortality. Finally, SED conferred a highek of a cardiovascular hospitalisation

over a long period, 28 years.
Comparison of cardiovascular outcomes

Previous studies have examined cardiovascular mesan isolatiorf*%>*°or composite
cardiovascular outcom®s® Socioeconomic deprivation is associated withgidi risk of
myocardial infarctioff, coronary heart diseaSestroke€®°and heart failuré>. However,
this is the first study to compare the risk asgedavith SED on a number of
cardiovascular outcomes in one single populatitrer@& was no statistical difference in the
risk associated with SED and the cardiovasculazame studied. This may suggest that
the mechanism by which SED confers its higher (@sid there is debate as to how this
occuré®?® is via a mechanism that may be shared by eaelastistype. The finding

would also suggest that any interventions aimeohptoving the socioeconomic
conditions of an individual may have the opportymit reduce the risk of a number of

cardiovascular diseases rather than one in paaticul
Adjustment for “traditional” cardiovascular risk fa ctors

In these analyses the risk associated with SEDOspedsafter adjusting for “traditional”
cardiovascular risk factoré® of age, sex, smoking status, cholesterol, diatmtdssystolic
blood pressure. The relationship was evident aftgrsting for further risk factors such as
body mass index, FEV1 and cardiomegaly on a chesy xObviously this would suggest
that | was unable to adjust for the factors thaifeothe excess risk, but as noted
previously, it is unclear what these causal patlswaag>>*°In a large study of 22,688
participants in the Women’ health study, adjustmrient number of novel risk factors
indicative of inflammation ( C-reactive proteintraxcellular adhesion molecule-1,
fibrinogen and homocysteine), on top of the “tridhial” risk factors of smoking,
cholesterol, diabetes etc., did not completelynatie the risk of CVD related to level of
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educatior!* This finding in conjunction with that of mine anther author¥40142226
would suggest that the risk associated with SEiicompletely mediated via traditional

or even novel risk factors.
Prolonged excess risk

In the present study, the risk associated with$®D was evident after 5 years of follow
up and persisted as individuals were followed tgo8 years. Whilst others have
reported such long lasting effects of SED on isofiadeart disease mortalffifew have

examined the relationship with non-fatal cardiowdacoutcomes over such long follow
123

up
different types of cardiovascular disease andttiatisk persists over a long period of

The present analyses demonstrate that the eriskss higher for a number of

time. However, there was evidence of regressiartidil bias in the results at 28 years of

follow up®®.

The cohort was not re-screened during followara, therefore, | was not
able to examine the effect of changing risk faptafiles on outcomes. Instead of using a
correction technique for regression dilution | wated follow up at 25 years to limit the
observed impact of this bias. It is therefore guedihat the risk of CVD associated with

SED was underestimated in these anal§Ses.
The increased risk of death

Socioeconomic deprivation is associated with highlecaus&" and cardiovascular
mortality”322%"??8 therefore it is possible that the risk of norefatardiovascular disease
may be underestimated in this group as they sucduarfdial disease before they can
experience a non-fatal event. | have reportedth®atisk of a number of composite
cardiovascular events which included all cause atiortis higher in the most deprived.
However, composite endpoints are only one meth@ttount for the competing risk of
death. In a further analysis where a competing tsvamalysis was performed, despite a
higher risk of all cause mortality, the risk of@diovascular hospitalisation was still
higher in the most deprived as compared to the tbgsrived individuals. This suggests
that the risk of cardiovascular hospitalisationsti# higher despite the increased risk of

death that the most deprived experience.
Summary
Socioeconomic deprivation as measured by an asdlsrore and social class is

associated with an increased risk of cardiovasdwdapitalisations, irrespective of the
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disease type studied. In the multivariable mod&#d) was as significant contributor to the
model, as much as the traditional risk factors. fi$leassociated with SED is evident after
adjustment for multiple cardiovascular risk factarsl is present over a prolonged period
of follow up. Furthermore, the most deprived ara atgher risk of cardiovascular events

despite also being at a higher risk of all causetatity.

In the next chapter | will go on to describe theutes of analyses examining the impact of
SED on the risk of a recurrent hospitalisationdwiing this first cardiovascular

hospitalisation.
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Recurrent hospitalisations and subsequent

survival

Introduction and aims

The literature surrounding the relationship betw8&M® and cardiovascular disease is
sparse in relation to recurrent (as opposed tet"for “incident”) cardiovascular events.
While some data do exist on the risk of recurreyocardial infarction®***and
strokd®**” only one study has examined the association leet&ED and readmission
with heart failuré?®. No studies have examined the relationship inam®rt making
comparison difficult. Finally, many studies havther performed unadjusted analyses or
have adjusted for a number of different risk fagtagain making comparison between
studies difficult. In this chapter | will explorbe relationship between SED and the risk of
a subsequent cardiovascular hospitalisation. laislb examine the relationship between
SED and subsequent survival following a first cavdiscular hospitalisation. Finally, 1 will
explore the risk of suffering a subsequent cardioutar hospitalisation in a composite

outcome taking into account of death.
Methods

For each of the analyses presented the time ahonigs specified as the time at which a
person experienced a non-fatal cardiovascular tadisagition. Age in the model was
entered as the age at which the non-fatal cardooNaishospitalisation occurred. Follow
up continued to the point of a subsequent recutrespitalisation, or death, or a composite
of these. Cox proportional hazards models were tseatbdel these outcomes again
adjusting for known cardiovascular risk factors.tkd¥ cardiovascular risk factors smoking
has one of the greatest potentials to change ower tn a study of men and women
deprived women were more likely to quit smokinglaey grew older than their least
deprived counterparfs’ No association was seen in men. Higher levetsiatation and
occupation are associated with a higher likelihobsmoking cessation following an
admission to a coronary care uffitTherefore to explore this potential bias, a séisit

analysis was conducted using models with and witemoking in the model.
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Results

Baseline characteristics

The characteristics of those individuals that hgaeeienced a cardiovascular

hospitalisation during follow up were analysed adow to SED.

Cardiovascular disease

Of those that experienced a cardiovascular hoggatain during follow up, when SED
was measured using Carstairs Morris index the ohegtived were more likely to be
smokers, have bronchitis and have a lower FEV1I€rab). Whilst other variables were
statistically significantly different across SEDogps, none showed a clear gradient of
change. When social class was used as the medssiEDahe most deprived were older,
had higher systolic blood pressure, were lessyliteebe men and more likely to have

cardiomegaly and bronchitis (Table 36).

The individuals who suffered a cardiovascular adiois but could not be assigned a
Carstairs Morris index deprivation category weraeriikely to have a history of
bronchitis though the magnitude of this differemaes negligible as numbers were small
(Table 35). Those who were not assigned a so@abkdhat suffered a cardiovascular

admission had higher blood pressure and wereiledg to be men or smokers (Table 36).

Coronary Heart Disease

In statistical testing there were significant diffieces in the baseline characteristics of
individuals according to Carstairs Morris indextte&aperienced a coronary heart disease
hospitalisation during follow up (Table 37). Thereawas observed using social class as
the measure of SED, that the most deprived wereroléhd higher blood pressure, were

less likely to be men but more likely to be smok@iable 38).

Those with missing SED defined by Carstairs Mandex or social class were not
different to those who were assigned a deprivatairgory by either classification system
with the exception that those missing a socialsctdassification were again less likely to

be men.

131



Table 35 Characteristics of individuals with a non-  fatal CVD hospitalisation according to Carstairs Mo rris index
1 3 4 5 6&7 P Missing P
N 320 711 1097 1912 1163 11
Test for
trend
(excluding
Mea missing Missing
Mean SD Mean SD n SD Mean SD Mean SD SED) Mean SD VS. rest
Age (years) 55.2 (5.5) 54.0 (5.4) 54.1 (5.6) 53(3.5) 54.7 (5.7) <0.001 53.6 (5.7) 0.89
Systolic BP (mmHg) 153.3 (24.0) 151.7 (24.2) ®B47(24.0) 154.2 (25.2) 150.7 (25.1)<0.001 148.3 (27.7) 0.87
Cholesterol (mmol/l) 6.2 (1.1 6.2 (1.0 6.2 (1.0 6.2 (11) 6.2 (1.0) 0.29 6.3 (1.0) 0.70
Body mass index (kg/fn 25.7 (3.6) 256 (3.6) 25.7 (3.9) 26.3 (4.1) 426(4.6) <0.001 26.7 (2.7) 0.99
adjusted FEV1 (% predicted) 98.2 (20.7) 95.4 4p0. 929 (21.1) 91.6 (21.4) 88.3 (22.7)<0.001 91.9 (34.2) 081
N % N % N % N % N % N %
Men 153 (47.8) 387 (54.4) 519 (47.3) 929 (48.5) 529 (45.4)0.005 7 (63.7) 035
Smoker 203 (63.4) 453 (63.7) 743 (67.7) 1345 (70.3) 858 (73.10.001 20 (58.8) 0.25
Diabetes 3 (0.9 8 (1.1) 17 (1.6) 25 (1.3) 22 (1.9) 0.59 0 (0) 0.64
Cardiomegaly 81 (26.2) 139 (20.0) 259 (24.9) 485 (26.3) 344 (31.1)<0.001 2 (25.0) 0.57
Bronchitis 7 (2.2) 17 (2.4) 26 (2.4) 47 (2.5) 63 (5.4) <0.001 1 (5.8) 0.09
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Table 36 Characteristics of individuals with a non-

fatal CVD hospitalisation according to social class

I - P P
I Il NM I-M \% Vv Missing

N 169 782 989 1483 1246 422 123

Test for

trend

(excluding

missing Missing

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD SED) Mean SD VS. rest
Age (years) 52.7 (5.5) 53.9 (5.9 54.1 (5.5) 54(6.5) 54.4 (5.7) 54.9 (5.5) 0.0002 54.8 (6.0) 0.48
Systolic BP (mmHg) 148.1 (20.4) 149.4 (23.9) 1#50(25.0) 152.1 (23.7) 151.9 (25.7) 155.8 (27.5y0.001 156.8 (25.9) 0.01
Cholesterol (mmol/l) 6.2 (1.0) 6.3 (1.0) 6.4 (11 6.0 (1.0) 6.2 (1.1) 6.2 (0.9) <0.001 6.1 (1.0) 05
Body mass index (kg/fn 253 (3.3) 259 (3.8) 255 (3.8) 26.4 (3.8) 26.9.9Y4 25.7 (4.4) <0.001 257 (44) 09
adjusted FEV1 (% <0.001 0.5
predicted) 98.0 (20.8) 96.5 (19.6) 94.5 (22.6) 90(21.3) 88.5 (22.3) 90.2 (23.3) 102.9 (20.1)
N % N % N % N % N % N % N %

Men 116 (68.6) 387 (49.5) 308 (31.1) 1022 (68.9) 535 (42.9) 134 (31.850.001 22 (17.9) <0.001
Smoker 10 (65.1) 518 (66.2) 637 (64.4) 1111 (74.9) 874 (70.1)290 (68.7) <0.001 71 (57.7) 0.05
Diabetes 3 (1.8) 11 (1.4) 10 (1.0) 15 (1.0) 23 (1.9 9 (21) 0.27 4 (32) 012
Cardiomegaly 33 (20.5) 174 (23.5) 242 (25.3) 347 (24.5) 341 (28.5) 133 (32.6) 0.001 40 (33) 0.08
Bronchitis 2 (1.2 12 (1.5) 20 (2.3) 56 (3.8) 49 (3.9) 20 (4.7) 0.001 2 (16) 0.66
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Table 37 Characteristics of individuals with a non-  fatal CHD hospitalisation according to Carstairs Mo rris index
1 3 4 5 6&7 P Missing P
N 108 296 406 788 1163 5
Test for trend
(excluding Missing
Mean SD Mean SD Mean SD Mean SD Mean SD missing SED) Mean SD VS. rest
Age (years) 54.7 (5.7) 53.5 (5.3) 53.4 (5.6) 53(5.8) 54. (5.8) 0.009 56.6 (5.4) 0.29
Systolic BP (mmHg) 152.3 (23.5) 1525 (23.1) $47(24.1) 152.6 (23.1) 151.4 (24.3)0.009 148.3 (27.7) 0.95
Cholesterol (mmol/l) 6.3 (1.1) 6.4 (1.0) 6.3 (1.1 6.2 (1.2) 6.3 (1.0) 0.28 6.4 (0.9 0.90
Body mass index (kg/f 25.8 (3.6) 25.9 (3.6) 25.9 (3.8) 26.4 (3.8) 726.(4.8) 0.009 26.0 (2.7) 0.85
adjusted FEV1 (% predicted) 97.4 (19.5) 97.5 @I8. 93.1 (19.8) 92.5 (19.8) 89.2 (21.1)<0.001 82.8 (46.4) 0.37
N % N % N % N % % N %
Men 62 (57.4) 182 (61.5) 223 (54.9) 425 (48.3) 232 (51.7)0.15 4 (80.0) 0.24
Smoker 77 (71.3) 203 (68.6) 295 (72.7) 566 (71.8) 346 (77.10.12 5 (100) 0.7
Diabetes 2 (19 4 (1.9 6 (1.5) 9 (1.1) 5 (11 097 5 (0) 0.77
Cardiomegaly 20 (19.2) 58 (19.8) 93 (23.7) 195 (25.6) 139 (32.3) 0.004 1 (20) 0.83
Bronchitis 4 (3.7) 6 (2.0) 9 (2.2) 20 (2.5) 19 (42) 029 1 (20) 0.14
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Table 38 Characteristics of individuals with a non-  fatal CHD hospitalisation according to social class

I - P P
I Il NM 11-M WY V Missing

N 69 305 377 635 467 158 41

Test for

trend

(excluding

missing Missing

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD SED) Mean SD VS. rest
Age (years) 515 (5.7) 534 (5.2) 53.4 (5.5) 53(8.5) 54.0 (5.7) 54.5 (5.5) 0.004 55.2 (6.0) 0.16
Systolic BP (mmHg) 148.2 (22.1) 150.2 (23.6) 249(225) 151.6 (22.6) 151.6 (25.1) 156.5 (26.9.02 155.1 (20.5) 0.09
Cholesterol (mmol/l) 6.1 (1.0) 6.4 (1.0) 6.5 (1.2 6.2 (1.1) 6.2 (1.1) 6.3 (1.1) 0.001 6.0 (1.1) 05
Body mass index (kg/fh ~ 25.6 (2.7) 26.1 (3.4) 25.4 (3.6) 26.8 (3.9) 26.4.7Y4 27.0 (5.0) <0.001 248 (3.6) 03
adjusted FEV1 (%
predicted) 979 (18.9) 96.2 (18.6) 952 (22.2) 92.%21.3) 88.5 (21.1) 939 (19.2) <0.001 93.9 (19.2) 0.8
N % N % N % N % N % N % N %

Men 53 (76.8) 187 (61.3) 145 (38.5) 459 (72.2) 233 (47.8) 49 (31.1x0.001 12 (29.3) <0.001
Smoker 47 (68.1) 213 (69.8) 258 (68.4) 492 (77.5) 341 (73.0)112 (70.8) 0.02 29 (70.7) 0.9
Diabetes 1 (1.5) 3 (1.0 3 (1.0 6 (1.0 83 (1.7) 4 (2.5) 0.56 1 (24) 0.36
Cardiomegaly 16 (24.6) 64 (22.1) 88 (24.0) 150 (24.3) 123 (27.2) 51 (33.3) 0.13 14 (35) 0.32
Bronchitis 1 (1.5) 5 (1.6) 9 (2.4) 17 (2.7) 20 (4.3) 7 (44) 02 0 (0) 0.78
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Acute myocardial infarction

Of those that experienced a hospitalisation for caydial infarction during follow up, the
most deprived individuals, as measured by Carsiinsis index were more likely to be
smokers and also have a lower adjusted FEV1 ahdve cardiomegaly (Table 39). When
social class was used as the measure of SED thedeymsved were older, had higher
blood pressure , lower adjusted FEV1, and les$ylilcebe male (Table 40). Of those who
experienced a myocardial infarction admission dufailow up, those who could not be
assigned a SED category (either using CarstairsidMimdex or social class) were not
different with respect to baseline variables frévose who could be assigned a SED
category. The only exception was that those wh@wet assigned a social class were

again less likely to be male.

Stroke

In the individuals who were discharged from hodpitith a diagnosis of stroke the most
deprived (measured by Carstairs Morris index) weoee likely to have lower adjusted
FEV1 and have cardiomegaly or bronchitis (Table ¥hen social class was used to
define SED, the most deprived were less likelygarten and have lower adjusted FEV1.
Whilst other statistically significant differencegre found they were not of clinically
relevant magnitudes (Table 42). Again, no diffeeem@as found in those who were
assigned a deprivation category by either methambagpared to those who were not. The
only exception was that those who were not assign&atial class were again less likely to

be male.

Heart failure

A lower adjusted FEV1, younger age, lower systblaod pressure and more
cardiomegaly and bronchitis was observed in thet ehegrived who experienced an
hospitalisation with HF as compared to the leaptided as measured by the Carstairs
Morris index(Table 43). When social class was exaahithe most deprived had lower
adjusted FEV1, were less likely to be men and hacerbronchitis (Table 44). Again only
the proportion of men in those unassigned a sotaak was statistically significantly

different

136



Table 39 Characteristics of individuals with a non-

fatal myocardial infarction hospitalisation accordi

ng to Carstairs Morris index

1 3 4 5 6&7 P Missing P
N 81 204 290 566 332 2
Test for
trend
(excludin
g missing Missing
Mean SD Mean SD Mean SD Mean SD Mean SD SED) Mean SD VS. rest
Age (years) 545 (5.7) 53.8 (5.3) 53.7 (5.7) 53(%.8) 545 (5.6) 0.25 58.5 (4.9) 0.28
Systolic BP (mmHg) 152.4 (23.8) 152.2 (22.1) B48(25.0) 154.1 (24.0) 151.7 (23.8)0.02 145.0 (4.2) 0.7
Cholesterol (mmol/l) 6.3 (1.0) 6.3 (1.1) 6.3 (1.0 6.2 (1.3) 6.3 (1.0) 0.59 6.7 (1.3) 0.58
Body mass index (kg/f 25.8 (3.6) 259 (3.4) 25.9 (3.8) 26.3 (3.9 726.(4.7) 0.07 27.6 (0.2) 0.7
adjusted FEV1 (% predicted) 97.2 (20.1) 96.9 7L7. 92.9 (20.8) 93.5 (19.2) 88.8 (21.4)<0.001 75.7 (3.7) 0.3
N % N % N % N % N % N %
Men 49 (60.5) 133 (65.2) 170 (58.6) 318 (56.2) 181 (54.5)0.14 1 (50) 0.85
Smoker 59 (72.8) 144 (70.6) 211 (72.6) 422 (72.8) 269 (81.0).04 2 (100) 0.4
Diabetes 2 (2.7 4 (1.9 5 @7 8 (1.4) 2 (0.6) 0.86 2 (100) 0.85
Cardiomegaly 14 (18.8) 36 (17.8) 65 (22.7) 139 (25.5) 99 (30.9) 0.01 1 (50) 0.5
Bronchitis 3 (3.7 5 (2.0) 6 (2.1) 18 (3.2) 16 (4.8) 0.36 21 (100) 0.7
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Table 40 Characteristics of individuals with a non-  fatal myocardial infarction hospitalisation outcome according to social class

I - P P
I Il NM 1-M \Y V Missing

N 50 207 268 469 343 87 21

Test for

trend

(excluding

missing Missing

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD SED) Mean SD VS. rest
Age (years) 50.6 (5.4) 53.7 (5.6) 53.6 (5.4) 54(3.5) 54.3 (5.7) 54.8 (5.5) 0.0001 545 (5.6) 0.7
Systolic BP (mmHg) 145.8 (22.1) 151.7 (23.9) B50(22.5) 152.3 (22.8) 152.7 (25.7) 156.5 (26.8).1 150.1 (17.3) 0.9
Cholesterol (mmol/l) 6.1 (1.0) 6.4 (1.0) 6.5 (1.2 6.1 (1.1) 6.3 (1.1) 6.4 (1.0) 0.002 6.2 (1.1) 06
Body mass index (kg/fn 25.6 (2.4) 26.1 (3.3) 255 (3.7) 26.5 (3.8) 26.4.8/4 266 (44) 001 246 (4.1) 0.23
adjusted FEV1 (% <0.001 0.48
predicted) 98.4 (20.2) 96.9 (18.6) 95.9 (21.2) 92(@8.8) 90.5 (22.1) 88.99 (22.1) 90.9 (16.7)
N % N % N % N % N % N % N %

Men 40 (80.0) 131 (63.3) 115 (42.9) 345 (73.6) 174 (50.7) 42 (35.9x0.001 5 (23.8) 0.0002
Smoker 34 (68.0) 149 (72.0) 184 (68.7) 377 (80.4) 260 (75.8) 87 (74.5) 0.009 16 (76.2) 0.77
Diabetes 1 (2.0 2 (0.9 3 (1.1 5 (1.1) 6 (1.7) 3 (26) 079 1 (48) 061
Cardiomegaly 9 (18.7) 44 (22.2) 64 (24.4) 111 (24.1) 87 (26.2) 33 (28.9) 0.67 64 (30) 0.99
Bronchitis 1 (2.0 3 (1.5) 8 (2.9) 14 (2.9) 16 (4.6) 6 (5.1) 0.3 0 (0) 0.46
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Table 41 Characteristics of individuals with a non-

fatal stroke hospitalisation according to Carstairs

Morris index

1 3 4 5 6&7 P Missing P
N 81 216 340 546 356 4
Test for
trend
(excludin
g missing Missing
Mean SD Mean SD Mean SD Mean SD Mean SD SED) Mean SD VS. rest
Age (years) 55.8 (5.5) 55.0 (5.2) 55.4 (5.8) 54(6.4) 56.1 (5.6) 0.003 545 (5.8) 0.27
Systolic BP (mmHg) 156.1 (25.7) 154.6 (23.6) B49(22.9) 158.6 (26.2) 154.9 (26.2)<0.001 130.8 (13.8) 0.2
Cholesterol (mmol/l) 6.3 (1.2 6.2 (1.1) 6.2 (1.0 6.2 (11) 6.2 (1.1) 0.79 6.0 (1.3) 0.77
Body mass index (kg/fh 25.3 (3.5 25.2 (3.5 25.6 (3.5) 26.7 (4.2 56(4.5) <0.001 26.7 (22) 0.9
adjusted FEV1 (% predicted) 98.1 (19.8) 93.9 §p0. 93.6 (20.3) 90.4 (22.0) 88.9 (22.8)0.001 102.9 (20.1) 0.4
N % N % N % N % N % N %
Men 29 (35.8) 109 (50.5) 151 (44.4) 254 (46.5) 128 (35.9)0.002 3 (75 011
Smoker 48 (59.2) 138 (63.8) 227 (66.8) 375 (68.7) 238 (66.94 2 (500 0.7
Diabetes 1 (1.2 3 (1.9 6 (1.7) 11 (2.0) 7 (19 0097 4 (100) 0.77
Cardiomegaly 22 (27.9) 48 (22.5) 80 (24.9) 157 (29.7) 107 (32.0)0.01 1 (25 06
Bronchitis 2 (2.5 4 (1.9 7 (2.1) 15 (2.1) 23 (6.5) 0.005 4 (100) 0.1
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Table 42 Characteristics of individuals with a non-  fatal stroke hospitalisation according to social cl ass
I - P P
I Il NM I-M \% V Missing

N 47 200 280 428 404 146 38

Test for

trend

(excluding

missing Missing

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD SED) Mean SD VS. rest
Age (years) 545 (5.5) 54.9 (5.4) 55.2 (5.6) 54(8.5) 55.4 (5.7) 55.9 (5.3) 0.43 54.9 (5.8) 0.39
Systolic BP (mmHg) 147.3 (20.7) 152.6 (23.7) #55(27.3) 153.6 (23.7) 156.4 (26.1) 157.4 (26.%).08 162.3 (24.4) 0.17
Cholesterol (mmol/l) 6.2 (1.1) 6.3 (1.0) 6.1 (1.2 6.2 (1.0 6.3 (1.1) 6.3 (1.0) 0.015 6.2 (0.8) 057
Body mass index (kg/fn 25.0 (3.3) 258 (3.9) 25.6 (3.9) 26.2 (3.8) 26.6.4Y4 26.2 (4.8) 0.009 26.3 (5.00 031
adjusted FEV1 (% 0.004 0.59
predicted) 96.7 (17.3) 949 (21.1) 93.8 (22.0) 91(21.0) 88.9 (21.5) 90.6 (23.1) 92.79 (26.3)
N % N % N % N % N % N % N %

Men 26 (55.3) 85 (42.5) 85 (30.4) 282 (65.9) 152 (37.6) 41 (28.1x0.001 3 (7.9 <0.001
Smoker 32 (68.0) 130 (65.0) 179 (63.9) 307 (71.7) 265 (65.8) 98 (67.1) 0.28 17 (44.7) 0.02
Diabetes 1 (2.1) 7 (3.5) 6 (2.1) 4 (1.0) 5 (1.2) 3 (200 0.28 2 (52 011
Cardiomegaly 10 (22.2) 47 (25.0) 80 (29.2) 103 (24.8) 121 (31.6) 38 (26.9) 0.27 16 (43.2) 0.021
Bronchitis 1 (2.1) 4 (2.0) 7 (2.5) 17 (3.9) 13 (3.2) 8 (5.5 0.47 1 (2.6) 0.82
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Table 43 Characteristics of individuals with a non-

fatal heart failure hospitalisation outcome accordi

ng to Carstairs Morris index

1 3 4 5 6&7 P Missing P
N 56 91 173 327 195 2
Test for
trend
(excludin
g missing Missing
Mean SD Mean SD Mean SD Mean SD Mean SD SED) Mean SD VS. rest
Age (years) 57.3 (5.3) 55.3 (5.5) 54.9 (5.8) 54(6.5) 55.5 (5.7) 0.003 61.5 (3.5) 0.27
Systolic BP (mmHg) 159.8 (21.3) 154.4 (27.0) 149(22.2) 157.9 (25.9) 154.2 (24.7)0.004 197 (21.2) 0.02
Cholesterol (mmol/l) 6.1 (0.9 6.2 (1.0 6.3 (1.0 6.2 (1.2 6.2 (1.0) 0.79 6.3 (0.9 0.90
Body mass index (kg/fh 25.3 (3.5) 25.2 (3.5 25.6 (3.5) 26.7 (4.2 56(4.5) <0.001 26.7 (2.2 0.9
adjusted FEV1 (% predicted) 98.1 (19.8) 93.9 §p0. 93.6 (20.3) 90.4 (22.0) 88.9 (22.8)<0.001 102.9 (20.1) 0.4
N % N % N % N % N % N %
Men 28 (50.0) 44 (48.4) 85 (49.1) 163 (49.9) 92 (47.2) 0.98 1 (50) 0.98
Smoker 35 (62.6) 568 (61.5) 121 (70.0) 237 (72.4) 139 (71.39)4 2 (50) 0.7
Diabetes 1 (1.2 3 (1.9 6 (1.7) 11 (2.0) 7 (19 097 4 (100) 0.77
Cardiomegaly 22 (27.9) 48 (22.5) 80 (24.9) 157 (29.7) 107 (32.0)0.01 1 (25) 0.6
Bronchitis 2 (2.5) 4 (1.9) 7 (2.1) 15 (2.1) 23 (6.5) 0.005 4 (100) 0.1
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Table 44 Characteristics of individuals with a non-

fatal heart failure hospitalisation outcome accordi ng to social class

Il - P P
| Il NM I-M [\ Vv Missing
N 24 127 139 243 214 82 15
Test for Missing
trend Vs. rest
(excluding
missing
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD SED) Mean SD
Age (years) 54.4 (5.8) 55.6 (5.6) 54.9 (5.8) 54(6.5) 55,5 (5.7) 55.5 (5.6) 0.48 55.8 (5.9) 0.94
Systolic BP (mmHg) 159.6 (24.4) 150.5 (23.7) B54(27.3) 155.8 (24.3) 1559 (25.3) 158.3 (27.4.22 156.8 (30.4) 0.78
Cholesterol (mmol/l) 6.0 (1.0) 6.3 (1.2) 6.3 (1.1 6.1 (1.0 6.3 (1.1) 6.2 (1.0) 0.044 59 (1.3) 0.86
Body mass index (kg/fn 27.1 (5.5) 26.8 (4.4) 26.6 (3.9 274 (4.1) 26.9.0(5 28.8 (5.3) 0.012 25.3 (4.6) 0.49
adjusted FEV1 (% 0.035 0.27
predicted) 92.6 (21.3) 92.9 (19.5) 90.9 (23.4) 87(22.6) 87.1 (22.1) 83.8 (24.8) 89.39 (24.9)
N % N % N % N % N % N % N %
Men 17 (70.8) 60 (47.2) 45 (32.8) 170 (70.0) 94 (43.9) 22 (26.8)<0.001 5 (33.3) 0.003
Smoker 15 (62.5) 89 (70.1) 89 (64.0) 190 (78.2) 147 (68.7) §62.2) 0.02 8 (53.3) 0.26
Diabetes 1 (41) 0 (0 1 (0.7) 3 (1.2 9 (4.2 2 (2.4) 0.06 0 (0 0.42
Cardiomegaly 5 (22.7) 43 (34.7) 46 (35.1) 76 (32.5) 71 (34.6) 30 (37.5) 0.84 76 (46.8) 0.24
Bronchitis 0 (0) 3 (2.4) 2 (1.4) 14 (5.8) 17 (7.9) 3 (36) 0.04 0 (0 0.93
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The risk of recurrent hospitalisation

Crude rates of recurrent hospitalisation

The number of recurrent hospitalisations is outlimeTable 45 and 46. The rate of
recurrent hospitalisation after an initial cardissalar disease type by SED as measured by
Carstairs Morris index is displayed in Figure 24trénd towards higher rates of recurrent
hospitalisation was seen for each initial disegpe.tThe rate ratio (RR) for CVD was 1.03
(95% CI 0.78-0.86), p=0.08. For CHD this was 1.287-1.88), p=0.21, Ml 1.21(0.65-

2.25) p=0.55, stroke=0.99 (0.97-1.62), p=0.97 aRdlt12(0.64-1.93), p=0.13 (Table

47).A similar trend was observed when social cless used as the marked of SED (Table
48 and Figure 25).

Table 45 Numbers of individuals according to Carsta  irs Morris index who experienced a
recurrent cardiovascular admission

1% Recurrent
hospitalisation  hospitalisation 1 3 4 5 6&7
CVvD CVvD 149 335 533 908 547
CHD CHD 31 116 152 271 159
Ml Ml 12 45 63 113 57
Stroke Stroke 20 41 87 116 83
HF HF 16 23 55 95 60
Table 46 Numbers of individuals according to social class who experienced a recurrent

cardiovascular admission

1% Recurrent

hospitalisation hospitalisatio

n I I NN 1M v \Y
CVD CVD 88 374 471 683 587 213
CHD CHD 25 111 129 235 164 54
MI M 9 39 49 102 66 23
Stroke Stroke 13 51 44 95 90 43
HF HF 10 43 42 61 64 25
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Table 47 Rate ratio of most versus least deprived (
recurrent cardiovascular hospitalisation

1% Recurrent

L N 95%
hospitalisation hospitalisation RR cl P
CVvD CvD 1.03 0.86 1.23 0.77
CHD CHD 1.28 0.87 1.89 0.20
Ml Ml 1.21 0.65 2.26 0.54
Stroke Stroke 0.99 0.61 1.61 0.97
HF HF 1.11 0.64 1.93 0.72

Table 48 Rate ratio of most versus least deprived (

cardiovascular hospitalisation

1 Recurrent

o o 95%
hospitalisation  hospitalisation RR cl =)
CVvD CvD 1.00 0.78 1.28 0.97
CHD CHD 0.97 0.60 1.58 0.91
Ml Ml 1.10 0.51 2.38 0.81
Stroke Stroke 1.05 0.56 1.96 0.88
HF HF 0.65 0.31 1.37 0.25

Kaplan Meier Analysis of Recurrent cardiovascular h

In a Kaplan Meier analysis of recurrent cardiovéachospitalisation there was no
significant difference in the rates of recurremdi@vascular disease hospitalisation

ospitalisation

measured by Carstairs Morris index) for a

measured by social class) for a recurrent

according to SED measured by Carstairs Morris iratesocial class (Figures 26-35).
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Figure 24 Rate of subsequent cardiovascular hospita  lisation of the same type according to SED measured by Carstairs Morris index.
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Figure 25 Rate of subsequent cardiovascular hospita lisation of the same type according to SED measured
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Figure 26 Kaplan Meier analysis of recurrent cardio
over follow up according to Carstairs Morris index
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Figure 27 Kaplan Meier analysis of recurrent cardio
over follow up according to social class
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Figure 28 Kaplan Meier analysis of a recurrent coro
hospitalisation over up according to Carstairs Morr
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Figure 29 Kaplan Meier analysis of a recurrent coro

hospitalisation over follow up according to social class
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Figure 30 Kaplan Meier analysis of recurrent myocar

hospitalisation over follow up according to Carstai
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Figure 31 Kaplan Meier analysis of recurrent myocar

hospitalisation over follow up according to social class
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Figure 32 Kaplan Meier analysis of recurrent stroke

follow up according to Carstairs Morris index
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Figure 33 Kaplan Meier analysis of recurrent stroke
follow up according to social class
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Figure 34 Kaplan Meier analysis of recurrent heart
over follow up according to Carstairs Morris index
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Figure 35 Kaplan Meier analysis of recurrent heart

over follow up according to social class
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Adjusted survival to a recurrent hospitalisation

In a regression model the association between SiEDexurrent events was examined
(Tables 49 and 50). In both unadjusted and adjwstatyses the risk of a second recurrent
event was not associated with SED. The removamaiking from the multivariable model
made no discernable difference to the results altdying the hazard ratios at th& dr

smaller decimal place. Therefore, smoking was methin the model.

152



Table 49 Hazard of recurrent hospitalisation of the same type in the most versus least deprived as mea  sured by the Carstairs Morris index.

HR* 95% ClI P HR** 95% ClI P HRt 95% ClI P HRt 95% ClI P
CVvD 1.02 0.85 1.23 0.797 0.99 0.831.19 0.928 1.00 0.831.19 0.967 0.97 0.811.17 0.761
CHD 1.28 0.87 1.88 0.205 1.21 0.821.77 0.34 1.22 0.831.79 0321 1.27 0.851.88 0.239
M 1.22 0.65 2.26 0.539 1.16 0.622.16 0.647 1.15 0.612.14 0.668 1.19 0.622.28 0.611
Stroke  0.99 0.611.62 0.972 0.97 0.601.58 0.905 0.99 0.601.61 0.956 0.98 0.601.61 0.935
HF 1.10 0.64 1.91 0.728 1.04 0.601.81 0.894 1.06 0.611.84 0.848 1.02 0.581.81 0.936

Table 50 Hazard of recurrent hospitalisation of the same type in the most versus least deprived as mea  sured by social class.

HR* 95% ClI P HR** 95% ClI P HRt 95% CI P HR% 95% CI P
CVvD 0.99 0.77 1.28  0.944 1.03 0.791.33 0.833 1.03 0.801.34 0.807 1.03 0.791.35 0.811
CHD 0.96 0.59 1.56 0.874 0.96 0.591.56 0.868 1.02 0.631.66 0.936 1.11 0.661.84 0.7
M 1.30 0.61 2.78 0.494 1.49 0.693.22 0.308 1.37 0.632.95 0.428 1.52 0.683.43 0.31
Stroke 0.97 0.501.86 0.927 0.94 0.491.82 0.86 0.92 0.481.79 0.814 1.07 0.542.13  0.849
HF 0.63 0.291.36 024 0.65 0.301.42 0.283 0.66 0.301.43 0.289 0.60 0.271.32  0.206
*Unadjusted

**Adjusted for age at first hospitalisation and sex
t Adjusted for age at first hospitalisation, seiapetes, cholesterol, systolic blood pressure, #myoknd year of first hospitalisation

T Adjusted for age at first hospitalisation, sexbdites, cholesterol, systolic blood pressure, smyokiear of first hospitalisation, body mass index\/1,
cardiomegaly
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Death following a cardiovascular hospitalisation

Crude rates

The numbers of individuals who died following atmarar cardiovascular hospitalisation
are outlined in Tables 51 and 52. The rate of de&slihwing a non-fatal cardiovascular
hospitalisation did show evidence of a gradienSBP (Figure 36 and 37). Following any
CVD hospitalisation the rate ratio for the ratedefth in the most versus least deprived
was 1.33 (95%CI 1.14-1.56), p=0.0003 (Table 53yil@r trends were observed following
a CHD hospitalisation 1.21 (0.921-1.59), p=0.16891.29(0.95-1.75),p=0.11, stroke
1.23 (0.93-1.62), p=0.148 and HF 1.20 (0.84-1.690.314. As with Carstairs Morris
index, only the rate ratio for death following a BViospitalisation was significant when
social class was used to measure SED (Table 5&yalvates of death were highest

following a stroke or heart failure.

Table 51 Number of Deaths by type of first hospital  isation and socioeconomic deprivation
measured by Carstairs Morris index

151
hospitalisation Outcome 1 3 4 5 6&7

CVvD Death 192 468 738 1321 867
CHD Death 62 190 265 525 317

Ml Death 49 144 198 411 249
Stroke 61 163 262 433 290

Death
HF Death 40 70 138 277 167

Table 52 Number of Deaths by type of first hospital  isation and socioeconomic deprivation
measured by social class

1St
hospitalisation Outcome I Il [IIN 1M v Vv

CVvD Death 99 500 641 1063 884 320
CHD Death 42 181 243 433 326 110

Ml Death 31 133 196 338 255 85
Stroke 33 158 203 341 321 124

Death
HF Death 21 99 109 204 182 69
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Table 53 Rate ratio of most versus least deprived (

death following a first cardiovascular hospitalisat ion

Initial Subsequen 95%
hospitalisation Event RR Cl P
CvVvD Death 1.34 1.14 1.53 0.0003
CHD Death 1.21 0.92 1.59 0.17
MI Death 1.29 0.95 1.75 0.12
Stroke Death 1.23 0.93 1.62 0.15
HF Death 1.19 0.84 1.69 0.31

Table 54 Rate ratio of most versus least deprived (

following a first cardiovascular hospitalisation

Initial Subsequen 95%
hospitalisation Event RR Cl P
CVvD Death 1.36 1.09 1.71 0.007
CHD Death 1.14 0.79 1.63 0.48
M Death 124 0.80 1.84 0.36
Stroke Death 1.19 081 1.75 0.37
HF Death 0.97 0.41 1.11 0.12

Figure 36 Rate of death following a first cardiovas

Carstairs Morris index
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Figure 37 Rate of death following a first cardiovas  cular hospitalisation according to social
class

@ Social Class |

180 ~ _
B Social Class Il
160 | O Social Class III-NM -
O Social Class IlI-M
B Social Class IV
140 1 g 5ocial Class V
@
8
2 120 ~
c
o
&
2 100 1
o
o
<
o 80
o
-
@
£ 60
Q
T
04
40
20
0 T 1

CvD CHD Mi Stroke HF

First cardiovascular hospitalisation

Kaplan Meier Analysis

Following a cardiovascular hospitalisation the gkleath was higher in the most
deprived during the remaining follow up (log rark0p0001) (Figures 38 and 39). A trend
towards a similar association was seen with eatheobther cardiovascular events though

did not reach statistical significance (Figures4)-

156



Figure 38 Kaplan Meier analysis of death following
hospitalisation over follow up according to Carstai
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Figure 39 Kaplan Meier analysis of death following
hospitalisation over follow up according to social
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Figure 40 Kaplan Meier analysis of death following
disease hospitalisation over follow up according to

Proportion (%)

50 75 100

25

Death following a CHD hospitalisation

P=065

a coronary heart
Carstairs Morris index

Number at risk

1
3
4
5
6&7

104
283
394
765
432

I
10

Follow up (Years)

27
73
103
205
123

I
20

11
11
44
16

4
B&7T

o = O = O

Figure 41 Kaplan Meier analysis of death following
disease hospitalisation over follow up according to
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Figure 42 Kaplan Meier analysis of death following a myocardial infarction Figure 43 Kaplan Meier analysis of death following a myocardial infarction
hospitalisation over follow up according to Carstai rs Morris index hospitalisation over follow up according to social class

Death following a Ml hospitalisation

o Death following a Ml hospitalisation
8 _
S —
= K = | P=0.021 B
;_}\ == uw»
P g ®©
o S 7 g o
H £ B
:Lf g N §- g -
o
L= R o -
| | T | I | I T
0 10 20 30 0 10 20 30
Follow up {(Years) Follow up (Years)
Number at risk Number at risk
1 77 23 0 i 45 13 3 0
3 197 50 0 || 194 52 13 0
4 376 6 0 .|.!|n 254 Fit g 0
5 544 151 33 1 iiim 447 141 20 0
6&7 314 24 g 0 iv 326 66 3 0
v 115 28 3 1
1 3
— — i
4 0 iin iiim
B&7 iv W

159



Figure 44 Kaplan Meier analysis of death following

over follow up according to Carstairs Morris index
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Figure 45 Kaplan Meier analysis of death following a stroke hospitalisation
over follow up according to social class
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Figure 46 Kaplan Meier analysis of death following
hospitalisation over follow up according to Carstai
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Figure 47 Kaplan Meier analysis of death following

a heart failure

hospitalisation over follow up according to social class

Proportion (%)

75 100

50

25

Death following a HFE hospitalisation

P=0.028

Number at risk

i
i
iiin

iiim

24
124
137
230
208

80

I
10

LT B & o T 5 B I o

I
20

Follow up (Years)

R = D D ha O

30

o O O O = O

161



Adjusted survival

In a regression model the association between $tdagured by Carstairs Morris index)
and death following an initial hospitalisation weaseamined (Table 55). In unadjusted
analyses there was no association with SED. Attprstment for age at event and sex, a
significantly higher risk of death following a hatgisation for CVD, HR1.53 (1.31-1.79),
CHD 1.38(1.05-1.81), and MI 1.37(1.01-1.87) wasenbsd. After adjustment for the
traditional risk factors (diabetes, cholesterokteiic blood pressure) and the year of the
initial event, these associations between SED aathdollowing a CVD, CHD and Mi
event persisted. After further adjustment for BMEV1 and cardiomegaly only the
relationship between SED and death following a \d3pitalisation remained significant.
Whilst the risk of death following a stroke or HBdpitalisation did not reach statistical
significance a trend towards an increased riskatserved. When social class was used to
measure SED only recurrent CVD hospitalisationsyv&tba statistically significant
association with SED after adjustment for tradisibonsk factors (Table 56).
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Table 55 Hazard of death following a first cardiova  scular hospitalisation in the most versus least dep rived as measured by Carstairs Morris index

HR* 95% Cl P HR** 95% Cl P HRT 95% Cl P HRI 95% ClI P

CvD 1.34 1.15 1.57 <0.001 153 131 1.79 <0.001 315 1.31 1.79 <0.001 1.38 1.18 1.63 <0.001
CHD 1.21 0.92 1.59 0.175 1.38 1.05 1.81 0.021 1.411.07 1.85 0.014 1.29 0.97 1.71 0.075
MI 1.28 0.94 1.73 0.119 1.37 1.01 1.87 0.044 142 041 1.93 0.026 131 0.95 1.80 0.099
Stroke 121 0.91 1.59 0.184 1.24 0.94 1.63 0.133 191. 0.90 1.57 0.226 113 0.85 151 0.386
HF 1.21 0.86 1.71 0.272 1.39 0.98 1.97 0.065 1.36 .96 0 1.93 0.085 1.34 0.93 1.92 0.115

Table 56 Hazard of death following a first cardiova  scular hospitalisation in the most versus least dep rived as measured by social class

HR* 95% ClI P HR** 95% CI P HRT 95% CI P HR% 95% CI P
CvD 1.36 1.09 1.71 0.007 1.47 1.17 1.84 0.001 1.31 1.04 1.64 0.021 1.18 0.93 1.49 0.165
CHD 1.12 0.79 1.60 0.519 1.07 0.75 1.54 0.699 0.94 0.65 1.35 0.733 0.92 0.63 1.34 0.668
Ml 1.22 0.81 1.84 0.349 1.24 0.85 1.80 0.267 0.89 0.59 1.35 0.584 0.91 0.59 1.40 0.664
Stroke 1.19 0.81 1.74 0.381 1.26 0.86 1.85 0.244 1.13 0.77 1.66 0.537 1.05 0.71 1.56 0.793
HF 0.72 0.44 1.17 0.187 0.71 0.43 1.16 0.174 0.64 0.39 1.06 0.083 0.63 0.37 1.07 0.086
*Unadjusted

**Adjusted for age at first hospitalisation and sex

t Adjusted for age at first hospitalisation, seiapetes, cholesterol, systolic blood pressure, #myoknd year of first hospitalisation

1 Adjusted for age at first hospitalisation, sexlites, cholesterol, systolic blood pressure, smyokiear of first hospitalisation, body mass indeiy/1,
cardiomegaly
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Crude rate of death or subsequent recurrent hospita  lisation

The numbers of each of the outcome of death ormecuhospitalisation are shown in
Tables 57 and 58. With the exception of cardiovisalisease and coronary heart disease
there is an imbalance in the numbers of deaths@mpared to recurrent myocardial

infarction, stroke and heart failure hospitalisaio

Table 57 Number of deaths or recurrent hospitalisat  ion according to first cardiovascular
event and Carstairs Morris index

E
hospitalisation Outcome 1 3 4 5 6&7
CVD Death/CVD 96/149 242/335 386/533 669/908 449/547
CHD Death/CHD 46/31 116/116 177/152  350/271 210/159
MI Death/MI 41/12 110/45  152/63 321/113 199/57
Stroke Death/Stroke 46/20  128/41  192/87  334/116  221/83
HF Death/HF 27/16 49/23 91/55 194/95 112/60

Table 58 Number of deaths or recurrent hospitalisat  ion according to first cardiovascular
event and social class

1St
hospitalisation ~ Outcome I Il IIIN 1M v Vv
Death/

CVD oup  A7/88  252/374324/471 573/683 453/587 154/213
CHD %e:gv 32/25 116/111 164/129 281/235 215/164  74/54
MI D‘E/ﬁth/ 27/9  105/39 154/49 258/102202/66  66/23
Stroke gﬁg‘ﬂ‘ef 24/13 114/51 169/44 264/95 246/90  85/43
HF Dﬁ'aFth/ 13/10 65/43  72/42 146/61 126/64  46/25

The rate of death or subsequent recurrent hosatadn was examined. A clear gradient of
risk emerged in the risk of recurrent hospitalmativhen death was included in the
composite endpoint when SED was measured by Carsfiairris index. The relationship
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was not as clear with social class as the mea$i8ED. The rate ratios are given below in
Table 59 and 60 and the rates displayed in Figi8eend 49.

Table 59 Rate ratio for death or recurrent hospital  isation according in the most versus least
deprived as measured by Carstairs Morris index

Initial Subsequent 95%
hospitalisation hospitalisation RR Cl P
CVvD Death/CVD 1.24 1.08 1.43 0.0025
CHD Death/CHD 1.36 1.07 1.74 0.0135

MI Death/MI 1.35 1.01 1.82 0.0447
Stroke Death/Stroke 1.26 096 1.64 0.0964
HF Death/HF 1.47 1.05 2.06 0.0239

Table 60 Rate ratio for death or recurrent hospital  isation according in the most versus least
deprived as measured by social class

Initial Subsequent 95%
hospitalisation hospitalisation RR Cl P
CvD Death/CVD 1.18 0.97 1.44 0.09
CHD Death/CHD 0.96 0.70 1.31 0.78
M Death/MI 1.10 0.74 1.63 0.64
Stroke Death/Stroke 1.23 0.85 1.78 0.28
HF Death/HF 0.63 0.39 1.02 0.055

Figure 48. Rate of death or recurrent hospitalisati  on according to first cardiovascular event
type and Carstairs Morris index
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Figure 49 Rate of death or recurrent hospitalisatio =~ n according to first cardiovascular event
type and social class
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Kaplan Meier analysis of the risk of death or recur  rent cardiovascular

hospitalisation

Kaplan Meier analysis of the association betweeb 8&d the composite outcome of
death or recurrent hospitalisation illustratedhigher risk experienced by the most
deprived versus the least deprived (Figures 50\®ijlst the association was not
statistically significant for those who had expeded a coronary hospitalisation or

myocardial infarction, the higher risk was stiliégent in the most deprived.

Adjusted rates

The hazard of recurrent hospitalisation or deatiedaaccording to socioeconomic
deprivation when measured by Carstairs Morris indeable 61). This association was
statistically significant for CVD and subsequenaitieor CVD, CHD and subsequent death
or CHD even after adjustment for traditional rigktors. The risk of death or recurrent Ml
was associated with SED in the unadjusted and tedjanalyses although just failed to

reach statistical significance. There was no cesapciation with social class (Table 62).
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Figure 50 Kaplan Meier analysis of death or recurre  nt cardiovascular
hospitalisation following a cardiovascular hospital isation over follow up
according to Carstairs Morris index
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Figure 51 Kaplan Meier analysis of death or recurre  nt cardiovascular
hospitalisation following a cardiovascular hospital isation over follow up
according to social class
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Figure 52 Kaplan Meier analysis of death or recurre

hospitalisation disease event following a coronary
hospitalisation over follow up according to Carstai
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Figure 53 Kaplan Meier analysis of death or recurre  nt coronary heart
disease hospitalisation following a coronary heart disease hospitalisation
over follow up according to social class
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Figure 54 Kaplan Meier analysis of death or recurre
hospitalisation following a myocardial infarction h

up according to Carstairs Morris index
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Figure 55 Kaplan Meier analysis of death or recurre
hospitalisation following a myocardial infarction h

up according to social class
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Figure 56 Kaplan Meier analysis of death or recurre  nt stroke hospitalisation Figure 57 Kaplan Meier analysis of death or recurre  nt stroke hospitalisation
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Death or recurrent stroke hospitalisation Death or recurrent stroke hospitalisation
8 7 =
= | P=0.0004 - = | P=0.004
g = 7
= I'uz T Jrf/;_"; é hu-).
& c
o 92 4
s 8 £
5 2 o -
5 e ©
a o
o
_ | T | |
o
I I I I 0 10 20 30
0 10 20 30 Follow up (Years)
Follow up (Years) Number at risk
Mumber at risk i 44 31 20 5
1 81 59 45 0 ii 197 137 105 10
3 214 164 120 31 iiin 273 218 157 29
4 336 232 170 15 iiim 421 290 201 32
5 531 380 256 59 iv 397 281 180 18
6&7 348 233 150 0 v 144 g9 58 3
1 3 —_— — i
4 5 iin iirm
6&7 i v

170



Figure 58 Kaplan Meier analysis of death or recurre

hospitalisation following a heart failure hospitali

according to Carstairs Morris index

Proportion (%)

50 ™ 100

25

nt heart failure
sation over follow up

Death or recurrent HF hospitalisation

P=0.036

Number at risk

1
3
4
&
6&7

o4
37
169
318
188

10 20 30
Follow up (Years)
33 27 0
52 43 12
106 71 14
209 139 20
114 70 1
1 3
— 4 5
— B &7

Figure 59 Kaplan Meier analysis of death or recurre  nt heart failure
hospitalisation following a heart failure hospitali sation over follow up
according to social class
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Table 61 Hazard of death or recurrent cardiovascula

r hospitalisation in the most versus least deprived

as measured by Carstairs Morris index.

Initial Subsequent

hospitalisation Event HR*  95% Cl P HR*™ 95% ClI P HRt 95% Cl P HRf  95%Cl =
CvD Death/CVD 1.23 1.07 1.42 0.004 121 1.05 140 0.007.22 1.06 1.41 0005 114 09831  0.08
CHD Death/CHD 1.35 1.05 172 0017 131 102 1.67 003835  1.06 1.73 0017 1.30 10167 0.044
Mi Death/MI 134 100 1.80 0054 1.34 1.00 1.81  0.051.34 1.00 1.81 0052 125 092.70 0.147
Stroke Death/Stroke 1.25 0.95 1.63 0.106 1.23 0.94 1.60 133. 1.18 090 154 0233 1.15 08150 0.328
HF DeathHF  1.46 1.04 2.04 0027 124 088 173 0.21R21 086 1.70 0269 1.12 07959 0.532

Table 62 Hazard of death or recurrent cardiovascula  r hospitalisation in the most versus least deprived as measured by social class
Initial Subsequent

hospitalisation ~ Event HR* 95% ClI P HR*™ 95% ClI P HRt 95% ClI P  HRt 95% ClI =
CvD Death/CVD 1.18 097144 0098 1.29 106 157 0012 113 092 137 202408 088 133 0458
CHD Death/CHD 095 070130 0.758 1.01 073 138 0971 082 059 1.13 7.2D83 059 1.15 0257
Mi Death/MI  1.15 078167 0481 131 089 1.92 0.169 093 064 137 6.7D94 063 1.41 0776
Stroke Death/Stroke 1.13  0.79 1.61 0511 1.16 081 1.66 0429 093 065 133 5.6®95 065 1.38 0.778
HF Death/HF  0.63  0.391.01 0055 063 039 1.01 0057 063 039 1.02 00857 035 094 0.026

*Unadjusted

**Adjusted for age at first hospitalisation and sex
T Adjusted for age at first hospitalisation, serpetes, cholesterol, systolic blood pressure, smyaknd year of first hospitalisation
1 Adjusted for age at first hospitalisation, sexlites, cholesterol, systolic blood pressure, smyokiear of first hospitalisation, body mass indei\/1,

cardiomegaly
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Discussion

As described earlier in the first chapter, SEDeiated to the first occurrence of a
cardiovascular event after adjustment for multgaediovascular risk factors. However,
little evidence is available from the literaturestaggest that SED is related to the risk of a
recurrent cardiovascular hospitalisatiéni’ The analyses presented here indicate that
SED is not associated with a higher risk of a resntrcardiovascular hospitalisation but is
associated with a higher risk of death. A compasitieome of death or recurrent

hospitalisation revealed similar trends, mainlyeni by the association with death.
Risk of a recurrent hospitalisation

It is somewhat surprising that the risk of recutterspitalisation was not related to SED.
It has been reported that the most deprived indalglreceive less intensive therapy for
their cardiovascular disease. For example, the deygtived are less likely to receive
aspirin, beta-blockers and thrombolysis for myotridfarctiorf>° and rehabilitation
following a stroké'® Those with ischaemic heart disease as less Itkebe referred for
surgical (coronary artery bypass grafffj@r percutaneous (coronary angioplasts%5
revascularisation with possibly detrimental effemissubsequent mortalffy For those

who experience a stroke, rates of carotid endatiemey were not different according to
SED but waiting times were longer in the most degatiin one study from Canad&
Furthermore, more deprived individuals are lessljiko adhere to preventative
medication$™ and attend rehabilitation clas&¥$**and then to complete théfn Finally,
lifestyle modification is recommended following tevelopment of cardiovascular
disease but in a cohort of survivors of a myocaidfarction, the most deprived were less
likely to reduce their alcohol intake, exercise addpt a healthier diét® As many of

these therapies and interventions potentially rednorbidity as well as mortality we may
expect that the rates of recurrent cardiovascwants would be higher amongst the most
deprived who do not receive these treatments oersakh changes. However, the lack of
such treatments may predispose the most deprivedjteater risk of death following their
cardiovascular hospitalisation and this was evidtetitis cohort. As a consequence it may
be that the most deprived simply die before thayegerience a recurrent cardiovascular
hospitalisation. In analyses where a compositesattdor recurrent cardiovascular event
were performed the most deprived were at high&r Hewever, from these results | can
only hypothesise that this is the case for all remi CVD hospitalisations as the

composite was balanced in terms of numbers of eventhe fatal and non-fatal parts of
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the outcome. For all the other composite outcomesth with CHD, M, stroke or HF, the

composite outcome mainly consisted of deaths.

After experiencing and surviving a cardiovasculard, it is perhaps unsurprising that
SED, as measured by an area based measure, watiltueoto confer an excess risk of
death or recurrence of cardiovascular diseaser Aiseharge it is highly likely that the
individual will return to their home and their nelgpurhood. Therefore, all the potential
causal mechanisms associated with living in a siledrarea will still be present, e.g.
higher crime, damp housing, poor access to heafthces, lack of leisure activity etc.

These will therefore continue to exert a potentiditrimental effect on health.

Following a cardiovascular event it is possible thdividuals may become too ill to
continue to work. One confounding issue that | watsable to address was the potential
bias that following a cardiovascular event an ifdlial’s social status may change. Due to
continuing ill health an individual may not retumwork. This would then lower their
socioeconomic status, thus, possibly increasinig tis& of a subsequent mortality and
possibly cardiovascular events. Indeed, thereigeeee that following a myocardial
infarction recovery of functional status is poadrethe most deprived as compared to least
deprived in one study of m&H, and, that following a stroke, greater levels isability are
experienced by the most depri&Hboth factors which could lead to a loss of

employment.

A number of studies have reported that more degrindividuals present with more
severe disease during their first event. This magjaén the higher risk of death and trend
toward a higher risk of recurrent hospitalisatiansongst the most deprived. There is no
more severe a presentation than death and a nwhberdies of coronary heart disease
have reported that more deprived individuals ass l&ely to reach hospital alive when
presenting with CHD. In the MONICA studies indivals with a first myocardial
infarction were less likely to reach hospital alifthey were deprive@® In another study
of coronary deaths in Scotland, the most deprivetewnore likely to die out of hospital
with a first coronary everif.In a study of patients with MI admitted to a caxoncare unit
more individuals in the deprived cohort presentéti Wweart failure>®* A number of

studies have reported that stroke severity is mighthe most deprived as compared to the
least deprived™*’In one study, the most deprived were more likelipe dependant for
their activities of daily living at 28 days follong a stroké? It has also been reported that
stroke longer term disability and handicap are &igh the most deprived® Again we

may expect that the greater severity of diseaieeimost deprived would increase rates of
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recurrent events, but it may simply serve to inseegase fatality and mortality, reducing

the chances of a deprived individual to experidodder non-fatal outcomes.

It is not only the presentation that is more severgatients with CVD. Following a
cardiovascular event, multiple studies have dematest that access to health care
professionals is lower during or after an evenintiividuals with HE?, stroké'® and
coronary disease, the most deprived were lesylikebe treated by a specialist, attend a
high volume i.e. expert hospital, and receive appate investigations or further
intervention$*? All of these factors may explain the higher raiedeath and possibly
recurrence. Indeed, when discharged following diogascular hospitalisation a deprived
individual may be less likely to have contact witkeir general practitioner. In a study from
primary care practices from Scotland those deprirdividual with a diagnosis of HF
were less likely to see their general practitioreeh year than the least deprived

individuals with the diagnosis of HE*

In general deprived individuals tend to exhibitighler burden of other diseases too. Prior
studies have documented a higher prevalence idgpgved of comorbidities that increase
the risk of death following a cardiovascular ev&nth as diabetes, chronic obstructive
airways disease, cancer and renal impairfiefitThis differential distribution of
comorbidities may partly explain why more deprivedividuals are more likely to die

following a cardiovascular event.
Limitations

In these analyses the adjustment was made fofatsérs that were measured prior to the
first hospitalisation an individual experiencedislimay bias the result, as risk factors may
have changed subsequent to experiencing a firdiosascular hospitalisatici® It is
unlikely that factors such as cholesterol and blp@ssure changed substantially as it has
only been possible to modify these risk factorsgadéely through pharmacotherapy in the

latter period of follow up.

The choice of adjusting variables may also have leeorrect. Whist the risk factors of
smoking, blood pressure, diabetes and cholesteaglirave a deleterious effect on the risk
of a first cardiovascular evéhtother factors related to the form of cardiovaaceivent
experienced, e.g. disability following strdké heart failure after a myocardial

infarction’””°2 may be more important mediators of subsequekfaibowing a
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cardiovascular event. However, for risk factorshsas diabetes, the risk associated with

them persists following a first cardiovascular tijsation such as heart failuf®,
Summary

The risk of death or a recurrent cardiovasculapitasation is higher in the most
deprived as compared to the least deprived. Thigigly driven by the higher rates of
death amongst the most deprived. The risk of reatitiospitalisations displays a trend
towards higher rates in the deprived though this m@t consistent or statistically
significant. This may be due to the fact that secamomic status changes following a
cardiovascular hospitalisation or that other faxtme more important once cardiovascular

disease has led to a hospitalisation in an indajidu

In the next chapter | will explore how SED is relhto the total hospital burden of CVD.
On the basis of the last chapter where was asedorgth a higher risk of subsequent
mortality but not recurrent cardiovascular hosgtgions, and the chapter before where
SED was associated with a greater risk of a fiospitalisations for CVD, it remains to be

seen what the total burden by SED is.
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The Burden of Cardiovascular Disease and Death

In this section | will examine the burden of diseasrelation to SED. Firstly the rate of
death and premature deaths will be determinedjdig cardiovascular deaths. The
numbers of hospitalisations according to SED fahezardiovascular disease type will be
described. The costs associated with CVD hospatiadiss will be calculated by SED. The
population attributable fraction of SED in relatita number of cardiovascular disease

types will be calculated.

Methods

Burden of cardiovascular disease

Hospital burden

Using the linked Scottish Morbidity Record data thenber of discharges for a particular
cardiovascular disease type was calculated. TtggHeof stay in hospital for the entire stay
pertaining to that admission was calculated. Meagth of stay for each cardiovascular
cause was calculated. The total time a person spef hospital before their first
cardiovascular event was calculated from the timemolment to the first admission with
that cardiovascular disease type. Time spent ipitedsvas computed over the length of

follow up and the time free from hospital also cédted. Analyses were stratified by SED.
Burden of death

Using the linked General Registrar Office data eatts, the number of deaths in each
socioeconomic group was calculated. The numbeagps$ fom enrolment to the end of
study or death was calculated according to SEDtsadciumber of days until death was
calculated. Deaths occurring before a specificvege also calculated. At the start of the
study the life expectancy of the cohort was uh#l &ge of 75 years approximately (71
years for men and 76 years for women). This figuas obtained from the General
Register Office records of life expectancy from 1870-1972 census for individuals aged
45-64 years of age at that time (personal commtioizaGeneral Register Office, 2008).
All analyses of deaths have examined deaths abefodlow up of the cohort. In addition
to ascertain if SED had an effect on prematurehdeakeaths at age 65 and 70 years, and

75 (life expectancy) were calculated. These wesdied by SED.
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Adjusted risk of death

The adjusted risk of death was calculated usingr@gression. The effect of SED was
tested in unadjusted and age and sex adjusted saddedlels were then additionally
adjusted for traditional cardiovascular risk fast(diabetes, smoking, cholesterol and
systolic blood pressure). Finally, other factorswn to influence cardiovascular and all

cause mortality were added to the model (body nmalex, FEV1, cardiomegaly).
Population attributable fraction

The contribution of a risk factor to a disease death can be quantified using the
population attributable fraction (PAF). The PARhg proportional reduction in population
disease or mortality that we would expect to odcerposure to that risk factor were
reduced to an alternative ideal exposure sceneuip feduction of smoking levels to nil).
As with cardiovascular disease, many diseasesaased by multiple risk factors,
therefore, individual risk factors may interactlir impact on overall risk of disease.
Consequently, PAFs for individual risk factors afverlap and add up to more than 100

percent.

The PAF can be calculated using the formula below:

. l
AF = Pr(exposed|disease) | | — —
RR

Where:
Pr = proportion of population at exposure levehwtie outcome
RR = relative risk

For risk factors with continuous rather than diseexposure levels there is an analogous

formula for PAF involving integration of the expasuevel distribution.

However, as noted, calculation of the populatidntattable fraction can in theory lead to
all percentages adding to over 100%. This is ofsmgounterintuitive. Furthermore, the

method above makes no allowance for the potentiaflotinders of the outcome. By failing
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to adjust for confounders the potential attribugaishction will be overestimated. A
number of methods are available to adjust for¢biscern. The commonest approach is to

use the Levin formula;

ap  — P(RR=1)
Levin — 1+p'(RR—1)

Where p = the prevalence of the risk factor and=RRe relative risk estimate.

This method requires the assumption that the numbeaises in the exposed is the same as
the unexposed. An assumption that would be violatehis setting. Furthermore, this
approach can also yield results that add to ove¥d A\djusted risk estimates can also be

used in this formula. However this method yieldsomsistent and biased results.

The calculation of the average attributable fracttwercomes these limitations by
producing an estimate of the attributable fracfrom a multivariable model adjusted for
other factor$*° It uses a logistic regression model to calculageattributable fraction
using the following method:

1. The risk factor is coded into a dichotomous vagabl

2. Predicted probabilities for each individual arecatdted using the following

formula:

_ 1
- Ttexp(~(a+pxj))

pp;

Where alpha = the estimate of the intercept foréiggession model, beta = the
parameter vector for the covariate in the modelandthe observations of the

covariates for each individual with the removedafale set to zero for all individuals

3. The sum of the predicted probabilities is the adjidisiumber of cases that would

be expected if the risk factor was removed frompibeulation

179



4. The average attributable fraction is calculatedunytracting the expected cases
calculated above from the observed number of casgéshen dividing by the

observed number of cases.

Using this method more meaningful results and wsdalaesults of the proportion of
disease attributable to a risk factor in a popafatan be obtained. In these analyses
both the simple formula for attributable fractiamdathe average attributable fraction
are used. As the average attributable fractionireg|that variables be dichotomous,
age was splitin to age 45-54 years and 55-64 ybkrsd pressure into groups
<140mmHg an@&140mmHg, cholesterol into groups <5 mmol/l &&dmmol/l and
SED into Carstairs Morris index categories 1,3 4rfthe least deprived) and 5,6 and

7(the most deprived) and social class into I,IENM and IlI-M, IV and V.
Economic costs

The cost associated with a cardiovascular admisgamcalculated for each
socioeconomic group. The cost associated with Bguehof cardiovascular disease type
was also calculated. The costs pertaining to tineisgion type were calculated using the
NHS Greater Glasgow and Clyde costs for 2007 frioenNHS cost book* The health

board costs for a particular type of admissioncatated by the Information Services
Division of NHS Scotland and updated every yeae $ammary costs for the whole

health board were used to try and ensure thatraseptative figure was used that captured
the possibility that individuals may have been dthdito hospitals across the Glasgow

area during their lifetime.

Inflation

To account for inflation over time the costs formaskions in NHS Greater Glasgow and
Clyde from 2007 were taken and discounted backyBr annum. In a sensitivity
analysis the historical rates of inflation wereashéd from the Office of National
Statistics’*? These inflation rates are based on the consurie inflation index. These
rates were then used to calculate the equivaleturical costs associated with admissions.
As no discernable difference was observed usiingeiethod a consistent 5% deflation

was used.
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Cost

The cost associated with a particular type of 8tan acute hospital was obtained. A cost
per day from the NHS cost book was calculated anltiptied by the actual number of
days spent in hospital for an admission by an idd&l. For example, to calculate the cost
per day of a stroke admission from the NHS coskpban admission for stroke was
presumed to have occurred in a general medical asedroke units have only recently
been introduced. The cost per day on a generalaaledard was then multiplied by the
number of days actually spent by an individualasghital during a hospitalisation for
stroke during follow up. A myocardial infarction /an average assumed to last 7 days of
which 2 days would be spent in a coronary care @libther cardiovascular, coronary
heart disease and chronic heart failure admissi@ne assumed to occur in a cardiology
ward. The costs per day for an admission to eguwh ¢f these wards was calculated using
Greater Glasgow and Clyde data in the NHS cost bboé&se costs were then totalled
according to the assumptions above. For exampledsieof a myocardial infarction

admission was calculated as thus:

Step 1: Calculate average cost per day

Total cost of myocardial infarction stay = (Coststdly in coronary care unit/ average
length of stay in NHS cost book) * 2 + (cost ofysita cardiology ward/ average length of

stay in cost book)*5

This was then divided by 7 to give a cost per day.

Step 2: Calculate the cost for a hospitalisation

Multiply the actual number of days in hospital ehgria myocardial infarction

hospitalisation by the cost per day calculatedep 4.

Step 3: Deflation

This cost was then deflated as outlined above.

Outpatient and pharmacotherapy costs

The costs of outpatient attendance were not cdtmliia these analyses. It has been

reported that attendance at out patient clinicieséyy socioeconomic status in one study
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243 though not in anoth&¥. The most deprived may attend outpatients clinicse often
than the least deprived members of soci&tpue to the uncertainty surrounding the
direction of effect of socioeconomic status onatient attendances and the lack of data
on outpatient attendances in the dataset an avatagber of visits per admission type
would have to be applied to all socioeconomic gsougssening the ability to detect

between group differences.

Similarly, the costs of pharmacotherapy were noluided. These were not calculated as
two large assumptions would have to be made trduscneg the validity of such analyses.
Firstly, assumptions regarding which pharmacothesmay have been prescribed at
which time points would have to be made. Over thdysperiod effective
pharmacotherapies for cardiovascular disease vetableshed. There is no record of
pharmacotherapies in the Renfrew/Paisley datasetfttre multiple assumptions would
have to be made in determining which therapies \wegscribed. Secondly, the
prescription of pharmacotherapies differs by sammemic statu$>>1>?*Some studies
have reported no differerfé@and others do not agree on the direction of etf8¢t’
Therefore, again an assumption around the direeatnohsize of effect of socioeconomic
deprivation and rates pharmacotherapy prescriptiomd have to be made on top of the
assumption made previously regarding when certiaémmacotherapies would have been
likely to have been prescribed over time. This desmed to introduce an unacceptable
degree of uncertainty. Therefore, only costs aasediwith inpatient care were studied so
that the size and direction of effect associatetl swcioeconomic deprivation could be
measured with a degree of certainty. Indirect ¢asish as loss of earnings were similarly
not calculated due to insufficient evidence inplelished literature to determine possible

directions of effect.

Results

All cause mortality

The number of deaths according to deprivation @categre outlined in Table 63.The
absolute numbers in the most deprived groups gieshithan in the least deprived and this
is reflected in the fact that by the end of follagnearly 72% of the most deprived were
dead from all causes as compared to only 58% detkst deprived. This gradient was
evident when deaths prior to the age of 65 yed&ryears and finally 75 years were

examined. At the age of life expectancy, 75 ye##8p of the most deprived members of
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the cohort had died as opposed to 31% of the tegsived with a gradient in the
proportion dead in between.

Table 63 Number of deaths and proportions of deaths at end of follow up and before 65
years, 70 years and 75 years of age according to Ca  rstairs Morris index.

N All deaths % 65years % 70 years % 75 years %
1 990 578 58.38 108 10.91 197 19.90 307 31.01
3 2084 1,337 64.16 272 13.05 491 23.56 769 36.90
4 3347 2,169 64.80 440 13.15 809 24.17 1,288  38.48
5 5534 3,742 67.62 871 15.74 1,532 27.68 2,355 642.5
6&7 3389 2,437 71.91 606 17.88 1,031 30.42 1,548 .6815

Total 15344 10,263 66.89 2,297 1497 4,060 26.4626%6, 40.84

The number of deaths occurring during follow upsbgial class is outlined in Table 64.
As with Carstairs Morris index a gradient in themiers and proportions on individuals
dying was seen for all cause mortality at the eénf@dlow up. The gradient in proportion
of all cause deaths was as clear according tolsdags for deaths when compared to

Carstairs Morris index, though the deprived expexgel a greater number of deaths.

Table 64 Number of deaths and proportions of deaths at end of follow up and before 65
years, 70 years and 75 years of age in each social  class.

N All deaths % 65years % 70years %  75years %
I 545 315 57.80 69 12.66 121 22.20 191 35.05
Il 2,235 1,330 59.51 268 11.99 488 21.83 760 34.00
-
NM 2,804 1,698 60.56 342 12.20 601 21.43 961 34.27
m-m 4,299 3,114 72.44 785 18.26 1,316 30.61 2,0267.13
v 3,771 2,575 68.28 573 15.19 1,047 27.76 1,589.1412
V 1,301 949 72.94 202 15.53 384 29.52 575 44.20
14,955 9,981 66.74 2,239 1497 3,957 26.46 6,10R.804

Years of life lived until death
The number of years a person lived between enrdlarehdeath was examined according

to SED (Table 65). On average an individual inrtiest deprived group lived

approximately 2 ¥z years less than an individughenleast deprived group.
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Table 65 Number of years between enrolment and deat  h or censoring according to Carstairs
Morris index.

N total 95% ClI mean 95% CI

990 21838 21324 22352 22.06 21.54 22.58

2084 46430 45630 47230 22.28 21.90 22.66

3347 72167 71177 73157 21.56 21.27 21.86

5534 116802 115475 118129 21.11 20.87 21.35
&7 3389 66633 65623 67643 19.66 19.36 19.96

15344 323870 319229 328511 21.33 20.99 21.68

OO0k, WE

A similar pattern was observed when social class wged as the measure of SED (Table
66). The least deprived survived on average just @z years longer than the most
deprived members of the cohort.

Table 66. Number of years between enrolment and dea  th or censoring according to social
class.

N total 95% ClI mean 95% CI
I 545 12401 12016 12786 22.75 22.05 23.46
Il 2,235 50281 49499 51063 22.50 22.15 22.85
[II-NM 2,804 62943 62059 63827 22.45 22.13 22.76
-M 4,299 85917 84736 87098 19.99 19.71 20.26
v 3,771 78130 77061 79199 20.72 20.44 21.00
\ 1,301 26085 25436 26734 20.05 19.55 20.55

14,955 315757 310807 320707 21.41 21.00 21.81

Adjusted risk of death

The risk of death from all causes was modellednmudtivariable Cox regression model
(Table 67) to allow adjustment for multiple cardispiratory risk factors. In unadjusted
analyses the risk of all cause death was highdkeimost deprived, approximately 50%
higher than the least deprived. After adjustmeistalssociation persisted. A similar pattern

of risk was observed when social class was us#teasieasure of SED (Table 68).

The risk of death by the age of 65 years, 70 yaads/5 years was also modelled. As was
observed in the proportions of deaths in each SBDmabove, there was evidence that
after age and sex adjustment the risk of deatrcaded with SED was higher in the most
deprived versus the least deprived (Tables 69Afgr adjustment for further
cardiorespiratory risk factors the risk of deatlo%t 70 and 75 years of age were similar to
that of the risk of death at the end of follow up.
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Table 67 Hazard of all cause death during complete

follow up by Carstairs Morris index

N HR* 95% ClI P HR** 95% ClI P HRt 95% ClI P HRt 95% ClI P
1 990 1 1 1 1
3 2084 1.09 0.981.20 0.101 1.20 1.091.32 <0.001 1.19 1.081.32 <0.001 1.15 1.041.27 0.008
4 3347 1.18 1.071.29 <0.001 1.27 1.151.39 <0.001 1.26 1.151.38 <0.001 1.19 1.081.31 <0.001
5 5534 1.22 1.121.33 <0.001 1.36 1.241.48 <0.001 1.30 1.191.42 <0.001 1.21 1.101.32 <0.001
6&7 3389 1.49 1.361.63 <0.001 1.58 1.441.73 <0.001 1.53 1.391.67 <0.001 1.39 1.271.53 <0.001

*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterotpbydlood pressure; Adjusted for age at first event,
sex, diabetes, smoking, cholesterol, systolic bim@$sure, body mass index, FEV1, cardiomegaly

Table 68 Hazard of all cause death during complete

follow up by social class

N HR* 95% ClI P HR** 95% ClI P HRt 95% ClI P HRt 95% ClI P
I 744 1 1 1 1
Il 3,209 1.06 0.931.19 0.386 1.07 0.951.22 0.251 1.05 0.931.19 0.405 1.03 0.911.17 0.631
[l-
NM 3,894 1.07 0.951.21 0.265 1.17 1.041.32 0.011 1.14 1.011.29 0.034 1.09 0.961.23 0.177
[l-
M 6,710 1.52 1.351.70 <0.001 1.39 1.241.57 <0.001 1.33 1.191.50 <0.001 1.25 1.111.40 <0.001
Iv 5,815 1.37 1.221.54 <0.001 1.39 1.241.56 <0.001 1.33 1.181.50 <0.001 1.20 1.071.36 0.003
Vv 2,112 1.52 1.341.73 <0.001 1.56 1.381.78 <0.001 1.45 1.271.65 <0.001 1.29 1.131.47 <0.001

*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterotpbydlood pressure; Adjusted for age at first event,
sex, diabetes, smoking, cholesterol, systolic bim@$sure, body mass index, FEV1, cardiomegaly
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Table 69 Hazard of all cause death prior to the age  of 65 years by Carstairs Morris index

N HR* 95% ClI P HR** 95% ClI P HRt 95% ClI P HRt 95% ClI P
1 990 1 1 1 1
3 2084 1.06 0.851.33 0.582 1.12 0.901.40 0.314 1.09 0.871.36 0.472 1.03 0.821.30 0.776
4 3347 1.13 0.921.40 0.249 1.17 0.951.45 0.135 1.13 0.921.40 0.241 1.03 0.831.27 0.808
5 5534 1.30 1.071.59 0.01 1.38 1.131.69 0.001 1.26 1.031.54 0.023 1.13 0.921.39 0.25
6&7 3389 1.66 1.352.03 <0.001 1.71 1.392.10 <0.001 1.59 1.291.95 <0.001 1.38 1.121.70 0.003

*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterotpbydlood pressure; Adjusted for age at first event,
sex, diabetes, smoking, cholesterol, systolic bim@$sure, body mass index, FEV1, cardiomegaly

Table 70 Hazard of all cause death prior to the age  of 65 years by social class

N HR* 95% ClI P HR** 95% ClI P HRt 95% ClI P HRt 95% ClI P

I 744 1 1 1 1

Il 3,209 1.03 0.791.34 0.849 1.10 0.841.43 0.481 1.06 0.811.38 0.681 1.08 0.821.43 0.576
[l-

NM 3,894 1.05 0.811.37 0.687 1.25 0.971.63 0.089 1.20 0.921.55 0.177 1.11 0.841.46 0.456
[l-

M 6,710 1.69 1.322.16 <0.001 1.57 1.232.01 <0.001 1.45 1.131.85 0.003 1.31 1.011.69 0.044
Iv 5815 141 1.101.80 0.008 1.50 1.171.93 0.001 1.39 1.081.79 0.01 1.25 0.961.63 0.094
Vv 2,112 1.55 1.182.04 0.002 1.69 1.292.23 <0.001 1.49 1.131.97 0.004 1.30 0.981.74 0.074

*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterotpbydlood pressure; Adjusted for age at first event,
sex, diabetes, smoking, cholesterol, systolic bim@s$sure, body mass index, FEV1, cardiomegaly
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Table 71 Hazard of all cause death prior to the age  of 70 years by Carstairs Morris index

N HR* 95% ClI P HR** 95% ClI P HRT 95% CI P HR¥ 95% CI P

990 1 1 1 1

2084 1.10 0.941.30 0.239 1.17 0.991.38 0.067 1.15 0.971.35 0.11 1.08 0.911.28 0.365

3347 1.19 1.021.39 0.029 1.24 1.061.45 0.008 1.21 1.041.42 0.015 1.10 0.931.29 0.265

5534 1.33 1.151.55 <0.001 1.42 1.231.65 <0.001 1.32 1.141.53 <0.001 1.19 1.021.38 0.028

6&7 3389 1.62 1.391.89 <0.001 1.67 1.441.95 <0.001 1.58 1.351.84 <0.001 1.37 1.171.61 <0.001
*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterotpbylood pressuref Adjusted for age at first event,

sex, diabetes, smoking, cholesterol, systolic bim@$sure, body mass index, FEV1, cardiomegaly

ga b~ weEk

Table 72 Hazard of all cause death prior to the age  of 70 years by social class

N HR* 95% ClI P HR** 95% CI P HRt 95% ClI P HR%t 95% ClI P
I 744 1 1 1 1

Il 3,209 1.05 0.86 1.28 0.623 1.13 0.931.38 0.23 1.10 0.901.34 0.367 1.11 0.911.37 0.309
[l-

NM 3,894 1.04 0.851.26 0.702 1.23 1.011.50 0.038 1.19 0.971.44 0.09 1.12 0.911.37 0.278
[l-

M 6,710 1.62 1.341.95 <0.001 1.50 1.251.81 <0.001 1.40 1.161.69 <0.001 1.29 1.061.56 0.011

IV 5815 1.45 1.201.75 <0.001 1.55 1.281.87 <0.001 1.45 1.201.75 <0.001 1.30 1.061.58 0.01

V 2,112 1.63 1.332.00 <0.001 1.79 1.452.20 <0.001 1.60 1.301.97 <0.001 1.41 1.141.75 0.002
*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterolpbylood pressuref Adjusted for age at first event,

sex, diabetes, smoking, cholesterol, systolic bim@s$sure, body mass index, FEV1, cardiomegaly




Table 73 Hazard of all cause death prior to the age

of 75 years by Carstairs Morris index

N HR* 95% ClI P HR** 95% ClI P HRt 95% ClI P HRt 95% ClI P
1 990 1 1 1 1
3 2084 1.13 0.991.29 0.075 1.20 1.051.37 0.006 1.18 1.031.35 0.015 1.13 0.991.29 0.079
4 3347 1.23 1.091.40 0.001 1.29 1.141.47 <0.001 1.27 1.121.44 <0.001 1.18 1.041.34 0.011
5 5534 1.35 1.201.52 <0.001 1.46 1.301.65 <0.001 1.36 1.211.53 <0.001 1.24 1.101.41 <0.001
6&7 3389 1.61 1.431.82 <0.001 1.67 1.471.88 <0.001 1.57 1.391.78 <0.001 1.40 1.241.59 <0.001

*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterotpbydlood pressure; Adjusted for age at first event,
sex, diabetes, smoking, cholesterol, systolic bim@$sure, body mass index, FEV1, cardiomegaly

Table 74 Hazard of all cause death prior to the age  of 75 years by social class

N HR* 95% ClI P HR** 95% ClI P HRt 95% ClI P HR¥ 95% ClI P
I 744 1 1 1 1
Il 3,209 1.03 0.881.20 0.755 1.09 0.931.28 0.299 1.06 0.901.24 0.475 1.06 0.901.25 0.46
[l-
NM 3,894 1.04 0.891.22 0.616 1.21 1.031.41 0.018 1.17 1.001.37 0.052 111 0.951.31 0.194
[l-
M 6,710 1.60 1.381.86 O 1.48 1.271.72 O 1.39 1.201.61 O 1.29 1.111.51 0.001
IV 5,815 1.40 1.201.62 O 1.47 1.271.71 O 1.39 1.19162 O 1.25 1.071.47 0.005
Vv 2,112 1.55 1.321.83 O 1.68 142198 O 1.52 1.291.80 O 1.35 1.141.61 0.001

*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterotpbydlood pressure; Adjusted for age at first event,
sex, diabetes, smoking, cholesterol, systolic bim@$sure, body mass index, FEV1, cardiomegaly
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Death due to cardiovascular disease

The numbers of deaths due to cardiovascular causesutlined in Table 75 according to
Carstairs Morris index. Most cardiovascular deaitrsurred in the most deprived. As with
all cause deaths, a greater proportion of the nestived individuals suffered a
cardiovascular death than the least deprived. &etid of follow up 36% of the most
deprived group had died due to cardiovascular caulse respective figure was only 29%
of the least deprived group. This gradient wasewidor cardiovascular deaths before the
age of 65 years and 70 years. At the age of 75\ expectancy) 22% of the deprived
individuals had died of cardiovascular diseasesredseonly 17% of the least deprived
group had died due to cardiovascular disease.

Table 75 Number of cardiovascular deaths and propor  tions of cardiovascular deaths at end

of follow up and before 65 years, 70 years and 75y ears of age according to Carstairs Morris
index .

N CVD Deaths % 65 years % 70 years % 75 years %
1 990 288 29.09 61 6.16 103 10.40 166 16.77
3 2084 674 32.34 124 595 238 11.42 378 18.14
4 3347 1,074 32.09 217 6.48 407 12.16 652 19.48
5 5534 1,849 33.41 417 7.54 761 13.75 1,183 21.38
6&7 3389 1,232 36.35 291 8.59 507 1496 741 21.86
15344 5,117 33.35 1,110 7.23 2,016 13.14 3,1203320.

When SED was measured using social class the seadiegts in cardiovascular deaths
was observed as with Carstairs Morris index (T&Ble In the most deprived group 37%
of individuals had died of cardiovascular causesr tlre course of follow up whilst only
29% of the least deprived had died of cardiovasalitease.

Table 76. Number of cardiovascular deaths and propo  rtions of deaths at end of follow up
and before 65 years, 70 years and 75 years of agei n each social class.

N CVD Deaths % 65years % 70 years % 75 years %
I 545 159 29.17 37 6.79 63 11.56 101 18.53
I 2,235 670 29.98 120 5.37 240 10.74 387 17.32
-
NM 2,804 818 29.17 161 5.74 283 10.09 451 16.08
N-Mm 4,299 1,568 36.47 403 9.37 675 15.70 1,019 .7@3
\Y 3,771 1,283 34.02 276 7.32 530 14.05 802 21.27
V 1,301 481 36.97 87 6.69 180 13.84 287 22.06
14,955 4,979 33.29 1,084 7.25 1,971 13.18 3,047.3720
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Adjusted risk of cardiovascular death

The risk of a cardiovascular death varied accortbrgpcioeconomic status. The risk of
suffering a cardiovascular death at the end ob¥olip was 60% higher in the most
deprived versus the least deprived after adjustfioersige and sex (Table 77). This excess
risk persisted after adjustment for multiple cavaigcular risk factors. These relationships
were evident when social class was used as theemaflsocioeconomic deprivation
(Table 78).

Cardiovascular deaths prior to the age of 65, @7&nyears were also modelled (Tables
79-84). The age and sex adjusted risk of a cardmar death in the most versus the least
deprived was 40% higher by the age of 65 years|€Ta®). The risk of dying from
cardiovascular disease by the age of 70 years @fastbgher after adjustment for age and
sex, which was attenuated to a 40% higher risk affpistment for traditional
cardiovascular risk factors (Table 81). The riskafdiovascular death by the age of 75
was approximately 30% higher in the most deprivexdus the least deprived (Table 83).
The same association between social class andvastiular death was observed for
deaths at each age (Tables 80, 82 and 84).
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Table 77 Hazard of cardiovascular death by Carstair s Morris index

N HR* 95% CI P HR** 95% ClI P HRt 95% CI P HRf 95% CI P

990 1 1 1 1

2084 1.11  0.961.27 0.152 1.24 1.081.42 0.003 1.19 1.031.36 0.015 1.15 1.001.33 0.049

3347 1.17 1.031.34 0.017 1.27 1.121.45 <0.001 1.27 1.111.44 <0.001 1.22 1.071.40 0.003

5534 1.22 1.071.38 0.002 1.37 1.211.55 <0.001 1.27 1.121.44 <0.001 1.21 1.061.38 0.003

6&7 3389 151 1.331.72 <0.001 1.61 1.411.83 <0.001 1.55 1.361.76 <0.001 1.43 1.251.63 <0.001
*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterolpbylood pressuref Adjusted for age at first event,

sex, diabetes, smoking, cholesterol, systolic bim@ssure, body mass index, FEV1, cardiomegaly

b~ wek

Table 78 Hazard of cardiovascular death by social ¢ lass

N HR* 95% CI P HR**  95% CI P HRT 95% CI P HRI 95% CI P
I 744 1 1 1 1

Il 3,209 105 089125 0.561 1.07 0.901.27 0.46 1.06 0.891.26 0.512 1.06 0.891.27 0.531
[l-

NM 3,894 1.02 0.861.21 0.81 1.11 0.941.32 0.227 1.11 0.931.31 0.245 1.09 0.921.31 0.316
[l-

M 6,710 151 1.281.78 <0.001 1.37 1.17 1.62 <0.0011.33 1.13 1.56 0.001 1.28 1.081.51 0.005
Iv 5815 1.34 1.141.59 <0.001 1.36 1.15 1.60 <0.001 1.33 1.12 1.57 0.001 1.25 1.051.48 0.011
vV 2112 152 1.271.82 <0.001 1.55 129 1.86 <0.0011.46 1.22 1.75 <0.001 1.33 1.101.60 0.003
*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterolpbylood pressuref Adjusted for age at first event,

sex, diabetes, smoking, cholesterol, systolic bim@ssure, body mass index, FEV1, cardiomegaly
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Table 79 Hazard of cardiovascular death by the age  of 65 years by Carstairs Morris index

N HR* 95% ClI P HR** 95% ClI P HRt 95% ClI P HRt 95% ClI P

990 1 1 1 1

2084 0.85 0.631.16 0.307 0.89 0.651.21 0.454 0.84 0.621.14 0.259 0.82 0.601.12 0.204

3347 0.98 0.731.30 0.863 1.01 0.761.34 0.957 0.97 0.731.29 0.838 0.93 0.691.24 0.614

5534 1.09 0.831.43 0.53 1.15 0.881.50 0.31 1.01 0.771.33 0.932 0.93 0.711.23 0.62

6&7 3389 137 1.041.81 0.025 1.40 1.061.85 0.016 1.30 0.981.71 0.065 1.15 0.871.53 0.331
*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterotpbylood pressuref Adjusted for age at first event,

sex, diabetes, smoking, cholesterol, systolic bim@$sure, body mass index, FEV1, cardiomegaly

gabhweEk

Table 80 Hazard of cardiovascular death by the age  of 65 years by social class

N HR* 95% ClI P HR** 95% ClI P HRt 95% ClI P HRit 95% ClI P
I 744 1 1 1 1

Il 3,209 085 059123 0.381 0.96 0.661.38 0.809 0.92 0.631.33 0.643 0.95 0.651.41 0.807
[l-

NM 3,894 091 064131 0.618 1.19 0.831.71 0.335 1.14 0.801.64 0.469 1.13 0.771.65 0.532
[l-

M 6,710 1.59 1.132.22 0.007 1.45 1.042.04 0.03 1.34 0.961.88 0.089 1.29 0.901.85 0.158
IV 5815 124 088174 0.226 1.39 0.981.96 0.063 1.29 0.921.83 0.143 1.24 0.861.78 0.252
Vv 2,112 122 083179 0.315 142 0.962.09 0.077 126 0.861.87 0.236 1.15 0.761.73 0.503

*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterotpbydlood pressure; Adjusted for age at first event,
sex, diabetes, smoking, cholesterol, systolic bim@s$sure, body mass index, FEV1, cardiomegaly



Table 81 Hazard of cardiovascular death by the age  of 70 years by Carstairs Morris index

N HR* 95% ClI P HR** 95% ClI P HRt 95% ClI P HR¥ 95% ClI P

990 1 1 1 1

2084 1.00 0.791.26 0.988 1.06 0.841.34 0.618 1.00 0.791.26 0.993 096 0.761.21 0.731
3347 1.11 0.901.38 0.326 1.16 0.931.44 0.181 1.13 0.911.41 0.256 1.07 0.851.33 0.572
5534 1.22 1.001.50 0.055 1.30 1.061.60 0.012 1.16 0.951.43 0.152 1.08 0.871.33 0.488
6&7 3389 1.44 1.171.78 0.001 148 1.201.83 O 1.40 1.131.73 0.002 1.24 0.991.54 0.056

*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterotpbylood pressure; Adjusted for age at first event,
sex, diabetes, smoking, cholesterol, systolic bim@$sure, body mass index, FEV1, cardiomegaly

gabh weEk

Table 82 Hazard of cardiovascular death by the age  of 70 years by social class

N HR* 95% ClI P HR** 95% ClI P HRt 95% ClI P HRt 95% ClI P
I 744 1 1 1 1

Il 3,209 0.98 0.741.29 0.886 1.08 0.811.42 0.606 1.05 0.791.38 0.745 1.08 0.801.44 0.621
[l-

NM 3,894 0.93 0.711.22 0.588 1.14 0.861.50 0.357 1.11 0.841.46 0451 1.10 0.821.47 0.516
[l-

M 6,710 153 119199 0.001 141 1.091.82 0.01 1.32 1.021.71 0.036 1.29 0.981.69 0.07

Iv 5815 136 1.051.77 0.021 147 113191 0.004 141 1.081.83 0.011 134 1.021.77 0.037

vV 2112 141 1.061.88 0.019 156 1.172.08 0.003 1.42 1.071.90 0.017 131 0.971.78 0.081

*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterolpbylood pressuref Adjusted for age at first event,

sex, diabetes, smoking, cholesterol, systolic bim@$sure, body mass index, FEV1, cardiomegaly
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Table 83 Hazard of cardiovascular death by the age  of 75 years by Carstairs Morris index

N HR* 95% ClI P HR** 95% ClI P HRt 95% ClI P HR¥ 95% ClI P

990 1 1 1 1

2084 1.01 0.841.21 0.952 1.08 0.901.29 0.429 1.02 0.851.22 0.831 1.00 0.831.20 0.989

3347 1.13 0.951.34 0.169 1.18 0.991.40 0.062 1.16  0.981.37 0.094 1.12 0.941.34 0.196

5534 1.22 1.031.43 0.019 1.30 1.111.53 0.001 1.18 1.001.38 0.051 1.12 0.951.32 0.182

6&7 3389 133 1.121.57 0.001 1.36 1.151.61 O 1.30 1.101.53 0.003 1.19 1.001.41 0.051
*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterolpylood pressuref Adjusted for age at first event,

sex, diabetes, smoking, cholesterol, systolic bim@$sure, body mass index, FEV1, cardiomegaly

gabh weEk

Table 84 Hazard of cardiovascular death by the age  of 75 years by social class

N HR* 95% ClI P HR** 95% ClI P HRt 95% ClI P HRt 95% ClI P
I 744 1 1 1 1

Il 3,209 0.97 0.781.21 0.783 1.04 0.841.30 0.719 1.02 0.821.27 0.85 1.03 0.821.29 0.81
[l-

NM 3,894 0.91 0.731.12 0.367 1.06 0.851.32 0.591 1.05 0.841.30 0.672 1.05 0.841.32 0.671
[l-

M 6,710 1.43 1.171.75 0.001 1.31 1.071.61 0.01 1.24 1.011.53 0.037 1.22 0.991.52 0.064

Iv 5815 126 1.031.56 0.026 1.33 1.081.64 0.007 129 1.041.58 0.018 1.24 1.001.55 0.049

v 2,112 137 1.091.72 0.007 1.45 1.151.82 0.001 1.36 1.081.71 0.009 1.27 1.001.61 0.05
*Unadjusted, **Adjusted for age and sex , T Adjaster age, sex, diabetes, smoking, cholesterolpbylood pressuref Adjusted for age at first event,

sex, diabetes, smoking, cholesterol, systolic bim@ssure, body mass index, FEV1, cardiomegaly
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The burden of admissions

The number of hospital admissions for all cardicuéar causes is outlined in Table 85.
The number of admissions per individual in eaclridgafion category is given. There was
no clear trend in the number of admissions pergmeagcording to SED as measured by

Carstairs Morris index.

Similarly no clear trend was observed when sodewas used as the measure of

socioeconomic deprivation (Table 86).
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Table 85 Number of cardiovascular admissions and ad missions per person for any cardiovascular cause ac cording to Carstairs Morris index.

N per N per N per N per N per
N CVD person CHD person Mi person Stroke person HF person
990 818 0.83 227 0.23 130 0.13 118 0.12 103 0.10
2084 2,011 0.96 734  0.35 341 0.16 336 0.16 15908 0.
3347 3,214 0.96 1,0540.31 479 0.14 536 0.16 420 0.13
5534 5,362 0.97 1,920.35 897 0.16 846 0.15 604 0.11
&7 3389 3,272 0.97 1,1310.33 538 0.16 558 0.16 426  0.13
15344 14,677 0.96 5,073 0.33 2,385 0.16 2,394 0.16 1,7120.11

U~ WLk

Table 86 Number of cardiovascular admissions and ad  missions per person for all cardiovascular admissio ns according to social class.

N per N per N per N per N per
N CVD person CHD person Ml person Stroke person HF person
I 545 494 0.91 164 0.30 82 0.15 77 0.14 68 0.12

Il 2,235 2,281 1.02 811 0.36 352 0.16 311 0.14 260.12
-NM 2,804 2,566 0.92 804 0.29 401 0.14 398 0.14 262 9 0.0
m-Mm 4,299 4,133 0.96 1,5660.36 759  0.18 686 0.16 460 0.11
v 3,771 3,588 0.95 1,1900.32 541 0.14 615 0.16 433 0.11
V 1,301 1,222 0.94 423  0.33 204 0.16 246 0.19 170.13 0

14,955 14,284 0.96 4,958 0.33 2,339 0.16 2,333 0.16 1,6570.11
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Admissions according to age at admission

The number of admissions occurring before pre-eefimges was calculated. The number
of cardiovascular admissions per person increasad the least to the most deprived
when SED was measured using the Carstairs Momlsxiwhen admissions prior to the
age of 65 were examined (Table 87) . Similarlyribenber of coronary heart disease
admissions also increased from the least to the degsived. When admissions prior to
the age of 70 and 74were examined the gradiemlofwas attenuated. When social class

was examined no clear gradation of risk was seahl€T88).
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Table 87 Number of admissions and number of admissi

ons per person for each cardiovascular disease acco

rding to deprivation category.

Number/ Number/ Number/ Number/ Number/
N CVD person CHD person M person  Stroke person HF person
Age less 65 1 990 185 0.19 62 0.06 45 0.05 10 0.01 8 0.01
3 2084 517 0.25 189 0.09 112 0.05 48 0.02 16 0.01
4 3347 781 0.23 249 0.07 139 0.04 61 0.02 38 0.01
5 5534 1,446 0.26 556 0.10 337 0.06 157 0.03 91 020.
6&7 3389 978 0.29 375 0.11 216 0.06 78 0.02 71 0.02
15344 3,907 0.25 1,431  0.09 849 0.06 354 0.02 2240.01
Age less 70 1 990 329 0.33 102 0.10 73 0.07 22 0.02 22 0.02
3 2084 880 0.42 340 0.16 182 0.09 97 0.05 39 0.02
4 3347 1,407 0.42 482 0.14 248 0.07 149 0.04 106 .03 0
5 5534 2,548 0.46 947 0.17 532 0.10 325 0.06 184 030
6&7 3389 1,649 0.49 615 0.18 329 0.10 174 0.05 162 0.05
15344 6,813 0.44 2,486 0.16 1,364 0.09 767 0.05 13 5 0.03
Age less 75 1 990 515 0.52 155 0.16 98 0.10 56 0.06 41 0.04
3 2084 1,338 0.64 527 0.25 255 0.12 177 0.08 85 04 0.
4 3347 2,206 0.66 750 0.22 371 0.11 283 0.08 231 .07 0
5 5534 3,813 0.69 1,408 0.25 704 0.13 544 0.10 3750.07
6&7 3389 2,323 0.69 832 0.25 423 0.12 338 0.10 252 0.07
15344 10,195 0.66 3,672 0.24 1,851 0.12 1,398 9 0.0 984 0.06
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Table 88 Number of admissions and number of admissi

ons per person for each cardiovascular disease acco

rding to social class.

Number/ Number/ Number/ Number/ Number/
N CVD person CHD person MI person Stroke person HF person
Age less
65 I 545 120 0.22 50 0.09 33 0.06 4 0.01 7 0.01
Il 2,235 550 0.25 188 0.08 113 0.05 45 0.02 19 10.0
I-NM 2,804 717 0.26 241 0.09 140 0.05 55 0.02 43 0.02
-M 4,299 1,176  0.27 502 0.12 310 0.07 116 0.03 65 0.02
v 3,771 993 0.26 326 0.09 183 0.05 99 0.03 64 20.0
\% 1,301 278 0.21 106 0.08 63 0.05 28 0.02 18 0.01
14,955 3,834 0.26 1,413 0.09 842 0.06 347 0.02 2160.01
Age less
70 I 545 224 0.41 90 0.17 51 0.09 24 0.04 17 0.03
Il 2,235 1,047  0.47 406 0.18 201 0.09 105 0.05 57 0.03
I-NM 2,804 1,205 043 392 0.14 219 0.08 119 0.04 84 0.03
-M 4,299 1,957 0.46 799 0.19 463 0.11 222 0.05 160 0.04
\Y 3,771 1,701 045 548 0.15 300 0.08 210 0.06 120 0.03
\% 1,301 526 0.40 200 0.15 114 0.09 77 0.06 56 0.04
14955 6,660 0.45 2,435 0.16 1,348 0.09 757 0.05 494 0.03
Age less
75 I 545 360 0.66 133 0.24 68 0.12 50 0.09 39 0.07
Il 2,235 1,537 0.69 578 0.26 272 0.12 186 0.08 126 0.06
-NM 2,804 1,762 0.63 580 0.21 300 0.11 223 0.08 144 0.05
-M 4,299 2,978 0.69 1,193 0.28 619 0.14 404 90.0 291 0.07
\Y 3,771 2516 0.67 826 0.22 420 0.11 356 0.09 250 0.07
\% 1,301 799 0.61 300 0.23 150 0.12 149 0.11 96 7 0.0
14,955 9,952  0.67 3,610 0.24 1,829 0.12 1,368 9 0.0 946 0.06
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Length of Stay

The length of stay for each cardiovascular diseaserding to SED measured by Carstairs
Morris index is outlined in Table 89. There wasemt towards increased length of stay
for any CVD admission in the most deprived. Howewdren specific cardiovascular
diseases were examined socioeconomic gradiertie iméan length of stay were
observed, though many were non-significant. Thgtlenf stay for a coronary heart
disease admission was nearly 4 days longer in tigt deprived versus the least deprived.
When social class was used as the measure of Satide(B0) a gradient in the length of
stay for any CVD admission was seen but no cleadignt for each of the specific

cardiovascular diseases was observed.
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Table 89 Length of stay for each type of cardiovasc  ular hospitalisation over follow up according to Ca rstairs Morris index

N total los 95% ClI Mean 95% CI P Median IQR P
CVvD 1 990 11727 9375 14079 14.34 11.46 17.21 6 12
3 2084 40261 30149 50373 20.02 14.99 25.05 6 12
4 3347 62666 50287 75045 19.50 15.65 23.35 6 12
5 5534 93185 82194 104176  17.38 15.33 19.43 6 12
6&7 3389 71791 58436 85146 21.94 17.86 26.02 0.06 7 3 15 0.005
15344 279630 230440 328820  18.63 15.06 22.21 6 142
CHD 1 990 1933 1667 2199 8.52 7.34 9.69 7 12
3 2084 5968 5469 6467 8.13 7.45 8.81 6 1P
4 3347 9489 8341 10637 9.00 7.91 10.09 6 12
5 5534 21703 16406 27000 11.26 8.51 14.01 7 1B
6&7 3389 14105 7827 20383 12.47 6.92 18.02 0.5 6 1P 0.36
15344 53198 39709 66687 9.88 7.63 12.12 6 1P
M 1 990 1283 1097 1469 9.87 8.44 11.30 8 14
3 2084 3652 3296 4008 10.71 9.67 11.75 9 15
4 3347 6197 5123 7271 12.94 10.70 15.18 9 15
5 5534 13507 9037 17977 15.06 10.07 20.04 10 1%
6&7 3389 10232 3976 16488 19.02 7.39 30.65 0.45 9 5 15 0.008
15344 34871 22529 47213 13.52 9.25 17.78 9 1%
Stroke 1 990 4622 2696 6548 39.17 22.85 55.49 16 373
3 2084 25290 15462 35118 75.27 46.02 104.52 15 4%
4 3347 33942 22113 45771 63.32 41.26 85.39 13 414
5 5534 44877 35743 54011 53.05 42.25 63.84 12 37
6&7 3389 38372 27244 49500 68.77 48.82 88.71 0.18 14 5 43 0.56

15344 147103 103258 190948 59.92 40.24 79.59 14 4 14
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990 1304 1008 1600 12.66 9.79 15.53 7 13
2084 1842 1545 2139 11.58 9.72 13.45 8 18
3347 7052 5387 8717 16.79 12.83 20.76 9 15
5534 8575 7231 9919 14.20 11.97 16.42 8 14
3389 6098 5486 6710 14.31 12.88 15.75 0.18 10 18 0.03
15344 24871 20658 29084 13.91 11.44 16.38 9 16
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Table 90 Length of stay for each type of cardiovasc

ular hospitalisation over follow up according to so

cial class

N total los 95% ClI Mean 95% ClI Median IQR P
CVvD | 545 7112 4254 9970 14.40 8.61 20.18 6 12
Il 2,235 30508 27557 33459  13.37 12.08 14.67 6 12
[lI-NM 2,804 47009 36862 57156  18.32 14.37 22.27 6 2 13
l-M 4,299 72285 60328 84242  17.49 14.60 20.38 7 2 14
v 3,771 77456 64434 90478 21.59 17.96 25.22 7 12
V 1,301 33349 23976 42722 27.29 19.62 34.96 0.04 7 2 15 <0.001
14,955 267719 217412 318026 18.74 14.54 22.95 6 2 14
CHD | 545 1306 1074 1538 7.96 6.55 9.38 6 1a
] 2,235 6544 5977 7111 8.07 7.37 8.77 6 12
[II-NM 2,804 10720 4459 16981 13.33 5.55 21.12 7 2 10
l-M 4,299 16987 12465 21509 10.85 7.96 13.73 7 2 12
\Y, 3,771 11358 10160 12556 9.54 8.54 10.55 3 13
Vv 1,301 3836 3394 4278 9.07 8.02 10.11 0.26 6 13 0.17
14,955 50751 37529 63973 9.80 7.33 12.28 6 1P
MI I 545 927 725 1129 11.30 8.84 13.77 9 B
Il 2,235 3888 3461 4315 11.05 9.83 12.26 9 15
[II-NM 2,804 8215 1974 14456 20.49 4.92 36.05 9 18
[-M 4,299 11715 7257 16173 15.43 9.56 21.31 10 6 15
v 3,771 7074 5971 8177 13.08 11.04 15.11 9 15
V 1,301 2471 2095 2847 12.11 10.27 13.96 0.49 10 1% 0.2
14,955 34290 21484 47096  13.91 9.08 18.74 9 1%
Stroke | 545 3531 757 6305 45.86 9.83 81.89 11 25
Il 2,235 11933 9679 14187  38.37 31.12 45.62 14 43
[lI-NM 2,804 21663 14099 29227 54.43 35.42 73.44 13 4 38
l-m 4,299 36157 25433 46881 52.71 37.07 68.34 2 1 4 35
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A\ 3,771 45294 32920 57668  73.65 53.53 93.77 14 4%
Vv 1,301 22096 13256 30936  89.82 53.89 125.76 0.19 17 50 0.039
14,955 140674 96144 185204 59.14 36.81 81.47 14 40
HF I 545 908 721 1095 13.35 10.60 16.11 11 18
Il 2,235 3639 3092 4186 13.78 11.71 15.86 8 16
[-NM 2,804 3930 2581 5279 15.00 9.85 20.15 8 1%
m-m 4,299 6132 5358 6906 13.33 11.65 15.01 9 14
A\ 3,771 6746 5358 8134 15.58 12.37 18.79 9 13
Vv 1,301 2943 2217 3669 17.31 13.04 21.58 0.26 10 1% 0.53
14,955 24298 19326 29270 14.73 11.54 17.92 9 15
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The cost cardiovascular disease

The total cost of admissions over the course ¢dfoup was calculated using NHS costs.
Over the course of follow up the most deprived aedrcosts of £10.4 million (95%CI
£8.6 -12.1 million) whereas the least deprived aedrcosts of only £1.8 (1.47-2.2
million), nearly a fifth of the costs (Table 91)h& cost per person was higher in the most
deprived groups. To account for the shorter lifpestancy, the cost per 100 person years

of follow up were calculated and were similarly g with increasing deprivation.

The cost of admissions was also calculated usioiglstass (Table 92). In social class V a
total of £4.9 million (95%CI £3.6-6.2 million) wapent on hospital admissions for
cardiovascular disease. In social class | thisréiguas £1.8 million (£0.7-2.2 million). The
cost of cardiovascular admissions per person atigplayed a gradient with increasing
cost with increasing deprivation. Similar resultsrerobserved when costs per 100 person
years of follow up were calculated.
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Table 91 Total cost, cost per person and cost per 1 00 person years of follow up of cardiovascular hosp italisations by Carstairs Morris index

Cost
per
100
Cost per person
N Total cost 95% ClI person 95% ClI years 95% ClI
CVvD 1 990 1838840 14746372203043 1857 14902225 8331 6681 9982
3 2084 5864784 45084317221137 2814 21633465 12737 9792 15683
4 3347 9268959 7683509.0900000 2769 22963257 13924 1154216374
5 5534 13700000 122000005200000 2476 22052747 19198 1709621300
6&7 3389 10400000 86448492100000 3069 25513570 8865 7369 10314
15344 41072583 3451142@7624180 2677 22493104 12702 1067314728
CHD 1 990 287706 249306326107 291 252 329 1304 1130 1478
3 2084 882182 79956364800 423 384 463 1916 1737 2095
4 3347 1424624 1247787601461 426 373 478 2140 1874 2406
5 5534 3019709 2433038606379 546 440 652 4232 3409 5054
6&7 3389 1961437 12200612702813 579 360 798 1672 1040 2304
15344 7575659 5949758201559 494 388 600 2343 1840 2846
M 1 990 277182 236432317932 280 239 321 1256 1071 1440
3 2084 793952 705877882026 381 339 423 1724 1533 1916
4 3347 1377045 1120018634075 411 335 488 2069 1682 2455
5 5534 2695642 2041238350047 487 369 605 3777 2860 4694
6&7 3389 2101779 9623663241193 620 284 956 1792 820 2763
15344 7245600 5065929425273 472 330 614 2241 1567 2915
Stroke 1 990 1067839 640238495439 1079 647 1511 4838 2901 6776
3 2084 5131479 3279293983664 2462 15743351 11145 7122 15167

4 3347 7010453 489165®129256 2095 14622728 10531 7348 13714
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5534 9323859 753761211100000 1685 13622006 13066 1056215554

OO0k W

3389 7895208 5782386L0000000 2330 17062951 6730 4929 8524
15344 30428838 221311738708359 1983 14422523 9410 6844 11971
990 224401 17024278561 227 172 281 1017 771 1262
2084 297537 249058346015 143 120 166 646 541 751
3347 1142671 8873251398016 341 265 418 1717 1333 2100
5534 1448120 1210626685613 262 219 305 2029 1696 2362
3389 9829343 8825311083356 2900 260 320 8378 752 923

15344 12942072 3399779791562 843 222 312 4002 1051 1482




Table 92 Total cost, cost per person and cost per 1

00 person years of follow up of cardiovascular hosp

italisations by social class

Cost per
100
Cost per person
N Total cost 95% CI person 95% CI years 95% CI
CVvD I 545 1046991 6744841419498 1921 1238 2605 8445 5440 11450
Il 2,235 4734851 42829775186724 2119 1916 2321 18144 16413 19876
[1-NM 2,804 6970454 56249468315962 2486 2006 2966 13929 11240 16618
[-Mm 4,299 10400000 893980911800000 2419 2080 2745 16535 14214 18761
v 3,771 11300000 957560113000000 2997 2539 3447 14487 12276 16666
\Y 1,301 4905107 3574343235871 3770 2747 4793 5717 4166 7268
14955 39357403 3267216@5958055 2632 2185 3073 12485 10364 14579
CHD I 545 190617 159877221357 350 293 406 1538 1290 1785
Il 2,235 985167 8908921079442 441 399 483 3775 3414 4136
[1-NM 2,804 1498997 7605472237446 535 271 798 2995 1520 4471
[-M 4,299 2278342 18437352712948 530 429 631 3622 2931 4313
v 3,771 1703256 15150211891492 452 402 502 2184 1942 2425
\Y 1,301 554753 490329619178 426 377 476 647 571 722
14955 7211132 56604018761863 482 378 586 2288 1796 2779
MI I 545 545 201511 161589 370 296 443 1625 1303 1947
Il 2,235 2,235 846232741216 379 332 426 3243 2840 3645
[1-NM 2,804 2,804 1689665555996 603 198 1007 3376 1111 5642
[1-M 4,299 4,299 22602641610826 526 375 677 3594 2561 4626
1Y 3,771 3,771 15797241308454 419 347 491 2025 1677 2373
\Y, 1,301 1,301 526627440763 405 339 471 614 514 714
14955 14955 71040234818844 475 322 628 2254 1529 2978
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Stroke

HF

I
I
HI-NM
-M
v

I
[11-NM
[-M
v

545 708426 200142216711 1300 367 2232 5714 1614 9814
2,235 2681861 21890983174624 1200 979 1420 10277 8389 12165
2,804 4584828 30907666078890 1635 1102 2168 9162 6176 12147
4,299 7392436 55176409267232 1720 1283 2156 11753 8773 14734
3,771 9204139 691617211500000 2441 1834 3050 11800 8867 14743
1,301 4581412 2803893358932 3521 2155 4888 5340 3268 7411
14955 29153102 20717718B7596389 1949 1385 2514 9248 6572 11926
545 156416 123162189671 287 226 348 1262 993 1530
2,235 617753 518641716865 276 232 321 2367 1987 2747
2,804 641908 436262847553 229 156 302 1283 872 1694
4,299 986445 8608321112059 229 200 259 1568 1369 1768
3,771 1077031 8526441301417 286 226 345 1381 1093 1668
1,301 474052 349595598509 364 269 460 553 407 698
14955 3953605 3141135766075 264 210 319 1254 996 1512




Population attributable fraction

The population attributable fraction was calculdtmdhe traditional risk factors for
cardiovascular disease and also for socioeconoemaation (Table 93). The fraction of
cardiovascular disease that was attributable to BEBIS cohort was 13.7%. This was
higher than serum cholesterol but lower than age, smoking, diabetes and hypertension.
For cardiovascular disease, CHD and Ml the attablet risk of SED was generally similar
to most of the other cardiovascular risk factorsrabking, serum cholesterol and
hypertension. The attributable risk of SED in s&r@kd HF was similar to serum

cholesterol.

Table 93 Population attributable fraction for cardi ovascular risk factors and Carstairs Morris
index.

CvD CHD Ml Stroke HF
Age (55-64 vs. 45-54) 14.9 4.5 3.7 16.0 2.3
Sex (Men vs. women) 16.2 8.3 7.3 5.7 1.7
Smoking vs. non smoking 15.6 6.6 5.8 15 1.0
Cholesterol (>5mmol vs.
<5mmol) 13.4 5.2 4.4 2.2 11
Diabetes vs. no diabetes 45.7 12.6 4.7 13.6 15.3
Hypertension (>140mmHg vs.
<140mmHg) 17.3 6.4 5.1 4.4 2.4
Deprivation (most vs. least
deprived) 13.7 5.4 4.3 2.8 1.0

Calculation of the average population attributdtdetion associated with SED was similar
to that of smoking and hypertension following athiusnt for the other factors in the table

(Table 94). This risk was present for all cardiadar event types.

Table 94 Average population attributable fraction f  or cardiovascular risk factors and
Carstairs Morris index

CVD CHD WMI Stroke HF
Age (55-64 vs. 45-54) 2.1 -0.3 0.3 16.0 8.9
Sex (Men vs. women) 3.3 10.1 11.5 -8.5 6.4
Smoking vs. non smoking 10.1 13.8 19.3 15 3.3
Cholesterol (>5mmol vs.
<5mmol) 13.6 23.9 28.0 2.2 16.5
Diabetes vs. no diabetes 0.7 0.4 0.07 0.7 1.8
Hypertension (>140mmHg vs.
<140mmHg) 10.4 10.8 9.8 17.4 20.7
Deprivation (most vs. least
deprived) 7.8 13.0 10.2 22.9 4.3
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The attributable fraction for SED measured by daxtass was similar to that of SED as
measured by Carstairs Morris index (Table 95).nilsir relationship to the other risk

factors was also observed.

Table 95 Population attributable fraction of cardio  vascular risk factors and social class

CvD CHD Ml Stroke HF
Age (55-64 vs. 45-54) 14.9 4.5 3.7 16.0 2.3
Sex (Men vs. women) 16.2 8.3 7.3 5.7 1.7
Smoking vs. non smoking 15.6 6.6 5.8 15 1.0
Cholesterol (>5mmol vs.
<5mmol) 13.4 5.2 4.4 2.2 1.1
Diabetes vs. no diabetes 45.7 12.6 4.7 13.6 15.3
Hypertension (>140mmHg vs.
<140mmHg) 17.3 6.4 5.1 4.4 2.4
Deprivation (most vs. least
deprived) 12.4 3.7 3.1 3.6 1.7

When social class was used as the measure of SE&vénage attributable fraction was
higher only for cholesterol and hypertension (T8¢

Table 96 Average population attributable fraction o f cardiovascular risk factors and social
class

CvD CHD M Stroke  HF
Age (55-64 vs. 45-54) -0.7 -5.0 -3.8 14.7 15
Sex (Men vs. women) 4.3 6.9 11.4 -7.6 1.2
Smoking vs. non smoking 0.5 4.6 7.5 6.5 -7.6
Cholesterol (>5mmol vs.
<5mmol) 13.9 33.5 29.8 -7.5 21.3
Diabetes vs. no diabetes 0.7 4.2 0.5 1.1 1.3
Hypertension (>140mmHg
vs. <140mmHg) 13.8 16.8 13.4 18.0 25.0
Deprivation (most vs. least
deprived) 114 7.3 10.8 13.2 24.7
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Discussion

In this chapter | report that greater socioeconaiejorivation is associated with a greater
risk of death at all ages. Furthermore, this ti@esl into a longer life expectancy amongst
the least deprived. This risk persists after adjesit for traditional cardiovascular risk
factors. The risk of a cardiovascular death is hlgber in the most deprived and is only

attenuated but not abolished by adjustment foriceadcular risk factors.

The most deprived also experience more hospitalsgiloms for cardiovascular disease
than the least deprived and tend to stay longbospital than the least deprived. Despite
the shorter life span of the most deprived thiséase in the number of hospital
admissions led to a higher cost per person in thet sheprived than the least deprived over

the period of follow up.
All cause and cardiovascular mortality

Multiple previous studies have examined the refeiop between socioeconomic
deprivation and all cause mortality®3>°248-%5}n all studies the most deprived display
consistently higher mortality rates than the lekegirived irrespective of the method of
defining socioeconomic deprivation. Cardiovascutartality has also been examined by a
number of author>*0:41:42°2:33.97.142.221.28¢4t only is cardiovascular mortality higher in

the most deprived but also coronary heart diseadestoke mortality. In this study |
examined cardiovascular mortality and the resuiscangruent with other studies
irrespective of the country examined or the meastiswcioeconomic deprivation used.
Few studies, however, have attempted to adjusitkeciation between SED and
cardiovascular mortality for traditional cardiovakr risk factors. In a study of 14 642
Finnish men and women Haradtlaf*2 only adjusted for smoking, hypertension and serum
cholesterol. Stranet af® failed to adjust for the presence of diabetes. Sudy from
Western Australia did adjust for all of the “tradrtal” cardiovascular risk factors and
found that the risk of cardiovascular mortality was-significant (HR 1.18 (95% CI 0.78-
1.77)) in those with the least education compaoeitié most education, though follow up

was relatively short (9 years)®
Premature mortality

As a consequence of the higher risk of all causkecandiovascular mortality, the risk of
death at predefined ages was performed. The asisootd SED with premature all cause
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mortality has been reported bef8fé****The relationship is seen in both men and
women?** Similarly, reports of higher premature cardiovdacmortality have been
published***#?However, these studies are based on routine datees such as
hospitalisation databases or routine death catédidata and have failed to adjust for the

cardiovascular risk factors that were adjustedrfdghis study.

Socioeconomic deprivation increases the risk afralver of diseases. This may occur
through a number of pathways. Obvious pathwaysheoeigh higher rates of smoking
with in turn increase lung cancer rates. IncreaSE® may work through other mediators
such as poorer housing which may lead to increasskgpf respiratory disease. It is clear
form these data that the risk of all cause andieaadcular mortality is independent of
traditional cardiovascular risk factors and therefother pathways must mediate this
relationship. Other suggestions have been expkuweld as work stress, psychosocial
stres$>>?**heart rate variability® and response to exerci¥e Other hypotheses such as
increased pathogen burden as a result of poorénoement have also been exploré&d.
Whilst traditional risk factors do not appear t@lkin the entire relationship they are a
large part of it%?*’In this study, as in all others, adjustment faditional cardiovascular
risk factors attenuates, but does not completétyieate, the relationship.

Admissions

The burden of cardiovascular disease accordingdimeconomic status is less well
studied. Although absolute numbers of admissions Imat been measured by SED over a
period of follow up, it can be extrapolated, fromdies of disease incidence that use
hospitalisations as a prox§?.”>*?’that the deprived individuals in a society expere

more admissions. | have found that despite surgilamger, the least deprived, experience
less hospital admissions for cardiovascular causea. consequence, the costs accrued
over the lifespan of the most deprived, were highan the least deprived individuals.
Neither of these observations have been reportdtkifiterature. These data have

important implications for health systems arourellorld and policy makers.

This may at first sight be an intuitive observatidMore deprived individuals tend to have
poorer health, a worse risk factor profile, podrealth behaviours and more co-morbid
disease. All of these factors would suggest they tre likely to experience more
hospitalisations for cardiovascular disease. Howetey also are more likely to df&**’
and to die at an earlier £§€°>%** This would appear to present less of an oppdstuai

accrue costs i.e. to spend less time at risk fayspitalisation. However, as described in
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this chapter the most deprived are still experiegmenore hospitalisations despite this
increased mortality. Therefore, not only do the maeprived individuals live shorter lives

but the quality of that life (as denoted by morspitalisations) is poorer.
Length of stay

The length of stay for hospital admissions forrgeaof cardiovascular diseases has not
been examined in relation to SED in one cohort teefdhe more prolonged stays in the
most deprived may reflect a number of factors.dymeflect more severe presentations in
the most deprived versus the least deprived, withresequently longer recuperation time.
For example, in a study of patients admitted tghabwith stroke, the most deprived
were more likely to need assistance with walking @snsequence of their stroke than the
least deprived indicating that they had experiercetbre severe strok€ In studies of
myocardial infarction there is evidence that theesiéy of the myocardial infarct varies
with socioeconomic deprivatiori.In addition, the increased prevalence of co-morbid
diseases which would slow discharge rates in thet oheprived e.g. demenflamay also
explain why length of stay is higher in the mogprileed.

Another factor influencing the length of stay mégoabe the treatment received by
individuals during a hospital stay. It has beercdbed that the most deprived are less
likely to receive certain pharmacological therapfeand procedures such as coronary
angioplasty®?*. Whilst most therapies are instituted for the li¢ié secondary
prevention it would appear that the lack of prgstarn of these therapies may serve as a
marker for less aggressive treatment in hospitatkvim turn may be a cause of longer
lengths of stay.

Finally, SED is a complex construct of many factdtet only does it capture material
wealth, but it also may capture social support magms, social isolation and
environment. These factors may also lead to increased lengstagf An individual with
more social support and better finances may betaldave hospital earlier than someone
without and recover betfé?. They may be more able to return home to a moenatrle
environment following the development of cardiovdac diseases such as stroke than

someone who lives in a more deprived area and idrefiore may need to be re-housed.
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Cost of cardiovascular disease

The cost to the NHS in terms of hospitalisations estimated in these analyses and again
despite living shorter lives the most deprived aedrthe most costs over follow up. This is
as a result of the number of admissions they sedfand the length of time spent in
hospital per admission. This has important finaramlications for the NHS and policy
planners. Furthermore, deprivation not only costsety from the direct costs of
healthcare but also in societal costs (time offkwanemployment, benefit payments) and
therefore to understand the mechanism behind therdrof increased costs, more and
longer admissions, is crucial. As noted in theditere review, there is little information on
the costs of cardiovascular care by SEbThe findings of the present study would
suggest that the cost of SED to the NHS is highedfaits to reduce these inequalities

need to be made.

Limitations

The cause of death was determined using deatlicaei data. This raises concerns about
the validity of the diagnosis of a cardiovasculeaith. However, studies in the &R
Finland® and USA®, and elsewhere would suggest that the validityefliovascular
causes of death on death certificates are suitabkpidemiological research. These
studies confirm that in older age groups the aayucdé a coronary cause of death is lower,
though they disagree on the age at which the acgwstarts to fall, with a UK study
*suggesting this is between 65-74 years and a $tadythe USA® suggesting accuracy
is lower after the age of 75 years. Other studiestroke and certified deaths from stroke
in the UK would suggest that the use of a deatbrcemdicating that stroke was the cause

of death has good accuracy and predictive valuaéottifying a stroké®?

The full burden of cardiovascular disease accortbrgpcioeconomic deprivation could
not be calculated in this study. No data were abéel on what drug therapy each
individual was prescribed or the primary care dpatient care that they received. This
area requires further research to help define efiderthe full costs to a healthcare system

of socioeconomic deprivation.
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Summary

In this chapter | have demonstrated that SED iscasted with a higher risk of all cause
mortality, cardiovascular mortality and prematurertality. This association is present
after adjustment for cardiovascular risk factodse Thost deprived also used more hospital
resources over the course of follow up. This waes tdua larger number of cardiovascular
admissions and a longer length of stay in the meptived groups. This translated into a
larger total cost to the NHS during the courseotibtv up. Finally, | report that the
population attributable fraction of SED in a numbécardiovascular disorders was similar

to that of classical risk factors for cardiovasculsease.
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Discussion

Summary of findings

The aim of these studies was to assess the assndiatween socioeconomic deprivation
and the risk of a number of forms of cardiovascdlaease in a large cohort of men and
women over a prolonged period of time, and to deitee whether an association persisted
following adjustment for known cardiovascular rfsktors. In this cohort, SED was
associated with a higher risk of an incident cardszular hospitalisation, death following
an incident cardiovascular hospitalisation, cardsnular and all-cause mortality, lifetime
hospital burden and cost of hospitalisations. Theas however, no association between
SED and the risk of recurrent cardiovascular ha$ipdtions following adjustment for

recognised cardiovascular risk factors.

The relationship between socioeconomic deprivation and

cardiovascular disease

In these analyses | have shown that SED is assdoweth the risk of a hospitalisation for
cardiovascular disease, any coronary heart diseagmardial infarction, stroke and heart
failure. Whilst at first sight these findings arekieeping with the literature presented in the
first chapter of this thesis, these analyses apoitant additions to the literature as no
prior study has been able to examine this relalipns both men and women or to
examine all these forms of cardiovascular diseasmé cohort. This is a major strength of
these studies. Previous high quality longitudinaties such as the Whitehall studfésre
limited by the inclusion of only men with a limitednge of occupational experiences and
therefore are not representative of the popula#dso this study is the first to examine all
forms of cardiovascular disease. Many studies @& to find a mechanistic link
between SED and cardiovascular dise&$&2°>*However these analyses would
suggest that SED mediates a higher risk for caediovlar disease through either one
common factor to all forms of cardiovascular digeasthrough multiple factors that are
differentially important in the pathogenesis of edifferent form of cardiovascular
disease. William of Occam state@ltiralitas non est ponenda sine necessitRlarality
should not be posited without necessitiydllowing Occam’s razor it should be expected
that a simpler explanation of a common pathway atedj SED and CVD risk would

seem the most likely. However, Chatton’s anti rae@eo may hold true in this setting in

217



that“If three things are not enough to verify an affative proposition about things, a
fourth must be added, and so athius it may be that SED exerts its effect viaatght
pathways. Much of current literature suggests 8D may exert its effect via different
pathway§8’255'257

Employing a classical biological model of disedke,differential distribution of risk
factors in different socioeconomic groups has Ibegn proposed as a potential
mechanism. Multiple authors report that differelndiigtribution of risk factors explain

most, if not all, of the differential rates of cangascular diseas@€®14>22625However, in
these analyses the association between SED ancaafibvascular disease was still
present after accounting for the different disttido of cardiovascular risk factors through
the multivariable analyses. What is clear is tisK factors do tend to cluster in the most
deprived. Understanding why this occurs and what beadone to change these unhealthy

patterns is needed.

Should socioeconomic deprivation be a cardiovascula r

risk factor?

The variation in cardiovascular disease rates saoeording to the distribution of the
traditional risk factors of smoking, hypercholestaemia, hypertension and diabetes.
However, the entire variation of CVD rates is nxplained by these factors./*2%*
Socioeconomic factors seem to explain the remaiofiéhis variation. This study, as well
as others in the published literature, suggests3B® is indeed an independent risk factor
even after adjustment for the above CVD risk faxtéiuller®® has set out criteria to
determine if a factor should indeed be called lafastor. These criteria for a new risk

factor are

1. It should be shown experimentally that it would@ase the extent of atherosclerosis or

its complications in suitable animal models.
This is of course very difficult, if not impossikie do in this context.

2. Persons with CVD would have either a higher ri$kHe factor is directly correlated
with coronary disease) or lower risk of diseasen(fersely correlated with the level of the

risk factor) than carefully matched controls
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Whilst this is not a case control study, prior cesetrol studies have reported that SED is

associated with a higher risk of C\A.

3. Distribution of risk factors should be correlatedwthe incidence, prevalence, and

mortality of atherosclerotic disease within andvee¢n populations.
This study has shown that SED is correlated wi¢hiticidence and mortality of CVD.

4. People exposed to the factor would have a higlskrof coronary disease in

longitudinal studies.

Again these analyses of a longitudinal cohort tyed@monstrate that over a long period of

time in both men and women the risk of CVD is higimethe most deprived.

5. There should be a time-dose relation: the higherdbse the earlier the onset of the

disease.

A number of studies have reported that SED in ddeys associated with the
development of CVD in adulthood, suggesting thataonged exposure to deprivation
leads to a greater risk of CVD in comparison testhwho increase their social status

267-269

through life:

6. The results of studies should be consistent fromysio study, and ideally in different

cultural settings.

This study adds to the totality of the literatusereunding SED and CVD. It should be
acknowledged that this cohort is limited in termhg®ethnic make up. However, other
studies would suggest that the relationship betv&te and CVD is present in different

ethnic groups?*4

7. The relation between the risk factor and the disesd®uld be independent of other

known risk factors unless it enhances the predigiiower of these risk factors.

Investigation of this rule is a central part ofstthiesis. | have demonstrated that SED is a
risk factor independent of the traditional riskttas for CVD. This relationship has been
demonstrated in these studies for multiple form€WD i.e. coronary heart disease, stroke

and heart failure.
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8. Evidence should be available in either humans suigable animal model that
modification of the risk factor would result in treversal of the progression of

atherosclerosis or clinical disease.

This rule is difficult to prove in the context oEB and CVD. Not only is changing SED
difficult but it is very difficult to determine theausal link with any subsequent decrease in
CVD rates.

9. The risk factors should make sense in relation baoéogical model for cardiovascular

disease.

Studies have reported that SED affects levelstwrgphysiological cardiovascular risk

factors and health behaviours which confer cardioutar risk.

As can be seen these studies and others allowahtist above criteria to be filled by SED
in relation to becoming a CVD risk factor. Kull@ported that few of the major risk
factors met all of the above criteria for a relatwith coronary disease. However, SED

would appear to meet most of the above preregsifitea new risk factor.
Utilising socioeconomic deprivation as a risk facto r

Developed countries require risk factor screenivag a&cknowledges the higher risk of the
most deprived members of its society. Only throagirect identification of these
individuals will their higher risk be appreciatendainterventions designed to lower their
risk be accurately delivered. Brindi¢ af’® examined the Framingham risk score in the
Renfrew Paisley cohort and determined how it pergat in each socioeconomic group.
Cardiovascular disease mortality was underestimagetB% in the manual participants of
the cohort (i.e. the most deprived) as compareé1 %6 in the non-manual classes, the least
deprived. A similar finding was reported for théatenship between SED as measured by
Carstairs Morris index and the ability of the Fragham risk score to predict events. This
leads to the conclusion that current risk scoretergstimate the risk of cardiovascular
mortality in the most deprived individuals in sdgidt is not only in Scotland that this has
been observed. In the USA, a study of the Atheesssls Risk in Communities study
examined the model discrimination and calibratibthe Framingham risk score with and
without SED as measured by income and by educattdn.the most deprived the risk of
coronary heart disease as estimated by the Fraammgisk score was 3.7% as compared

to 3.9% in the least deprived. The observed riskev®.6% and 3.1% respectively again
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demonstrating that this risk score underestimas&sm the most deprived. After addition
of SED to the risk score the predicted risk wa$/id the least deprived and 5.2% in the
most deprived, more closely matching the obseraggsr These findings were also
validated in the same study in another cohortN&gonal Health and Nutritional

Examination Study.

In recognition of these findings, the UK now ha® gk scores that incorporate SED into
the risk score. The ASSessing cardiovascular usikg SIGN (ASSIGN) risk score was
developed in the Scottish Heart Health Extendedo@db allow better risk predication
amongst individuals of all socioeconomic gro@ffdn this study SED was measured using
the Scottish Index of Multiple Deprivation (SIMDJhis score incorporates multiple
components from a number of social agencies. Sanedis are assigned a score from 0.54
(the least deprived) to 87.6 (the most deprived)the population is then divided in to
quintiles. ASSIGN classified more people with sbdprivation and positive family
history as high risk, anticipated more of theirmt¢eand abolished the gradient in
cardiovascular event rates seen when risk wasgteetddsolely using the Framingham
score. In England and Wales a prospective cohadiysh a large UK primary care
population was used to develop a risk predictionl@hthat included SEB>2?"*In this

study, version 14 of the QRESEARCH database, & |Jasjidated electronic database
representative of primary care and containing #edth records of 10 million patients over
a 17 year period from 529 general practices wag tssdevelop and validate the score. In
this risk score, SED was defined on the basis®ftiea based score, the Townsend score.
An analysis of a risk score in acute coronary synmars has also been tested with regards
to its calibration according to SED and has beemdao be useful in all groups
irrespective of SEB’° Therefore, increasing awareness of this issuehajlefully lead to

SED being taken into account in the developmefiitofre risk scores.

Limitations of the studies

The current studies are not without their limitaBoA strength of this study is that two
measures of SED were examined, social class arslgitarMorris index. However, social
class could not be assigned to every individushéncohort and women were assigned the
social class of their husband if they did not hameoccupation. Using an area based
measure of SED can lead to the “ecological fallacg’ that the relationship between SED
and CVD is the same at an individual level andattea level measure in the Carstairs

Morris index. The assumption that individual mensbeirthe area are correctly defined by
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the average characteristics of the small arearssdimay in fact be false. However, the
Carstairs Morris index is based on small enoughstieat the ecological fallacy is less of a

concern and the index has been well validatéd.

There are limitations to the historical natureto$ ttohort. Whilst a mature cohort study is
necessary to examine associations over a prolopgeald, the long follow up does give
rise to some problems. The cohort was examineds#lime only; follow up clinical
measures were not available. The effect of changskgactor profiles could not be
assessed in these data therefore. Risk factorsasuislood pressure and cholesterol change
over time, often increasing with advancing age. Blesv subjects in this cohort may have
undergone lifestyle, behavioural and/or pharmagafteutic interventions aimed at
modifying CVD risk factors over the course of fallap. There is evidence that the
traditional cardiovascular risk factors have chahdiéerentially by SED over time with
those in the most deprived groups developing mofawourable risk factor profile$® For
example, a large proportion of participants werelsens at baseline. With only one
assessment of smoking status, taken at baseloe)d not assess how many people quit
during follow up. Nor could | assess the potentigbact of a CVD hospitalisation on
smoking. Studies would suggest that the impact@Y¥® hospitalisation on risk factors,
such as smoking through cessation rates, diffelSHY, with the least deprived being
more likely to qui®® Other factors may be similarly affected differafyi by SED such

as cholesterol levels through differing rates @sgription of cholesterol lowering
therapies® These are limitations of the studies. Similarly,imformation was collected
during follow up regarding the use of evidence baberapies that might alter
cardiovascular risk. Finally, whilst the long petiof follow up is a major strength of
these studies it is also a potential limitationgfssion dilution occurred as follow up
progressea?5 Past the period of 25 years of follow up the hdzatios associated with
SED started to fall. This is not due to the laclaofeffect but rather regression dilution.
However, the impact of regression dilution affeadtssariables but it is unclear how it

affects SED specifically.

SED was also measured at only one time point ;1ghidy. The Carstairs Morris index
applied was derived from the 1981 census. Thergfoesindex may not have accurately
captured the socioeconomic conditions of the colorécruitment. In addition by middle
age, SED status is fairly well fixed it is not ingsible that some movement in SED status
occurred during follow up’® A number of other possible mediators between SiDthe
risk of CVD have been described in the literaturehsas behaviour, stress, job corfttol

physiological variables such as heart rate recdVeeyc. These variables were not
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recorded or measured in this cohort and the efietttese on the associations between
SED and CVD seen in this cohort cannot be estim#sdoted above, the continued
effect or “dose” of SED may have a role to playha development of CVD over a
lifetime. SED was measured at the point of midlifetween the ages of 45-64 in this
cohort. It is unknown what the cumulative life cemirdose” of SED was in this cohort as
childhood SED status is unknown in this cohort.rEfare, a life course approach to SED
could not be made in this particular cohort. Finadl family history of premature
cardiovascular disease is recognised as a makofagsor alongside, diabetes,
hypertension, smoking and serum cholesterol. This mot recorded in the cohort.
However, the Framingham risk score also did ndtuote family history of CVD as a

variable and therefore the results of these stutiestill valid.

Finally, it must be acknowledged that this cohasswestricted to the ages of 45-64 years
at enrolment. Whilst the relationship between SED @VD is certainly present in
younger age grouffs(and studies would suggest that the relationshgronge?),

caution should be used in extrapolation of theltesi this thesis to other age groups.

How do we change the risk of the most deprived?

Efforts at the level of the individual

The above studies and results would suggest thatiSEn important risk factor for
cardiovascular disease, over and above the traditiisk factors. However, the exact
mechanism by which this excess risk if conferreopen to speculation. What is becoming
clearer from the literature is that SED exert®ftect through many pathways. Therefore,
any intervention to change the risk of the mostidep needs to acknowledge this and try
to change multiple possible pathways. Immediatetgems as if these interventions are
out of the reach of individual health care profesai. Altering SED seemingly relies on
policy and government action to alter the dispasiin society. Government level action is
needed for example to change housing standardsedanost deprived members of a
society or help lower unemployment. The minimum g#&ganother area where policy
change can have beneficial effects on inequitiessaciety or similarly banning unhealthy
behaviour such as smoking will impact upon all paftsociety. Other initiatives such as
the introduction of health targets or reallocatidiealth care resources to more deprived
areas are other examples of how policy may hetpdace the differences in CVD

according to SED. Other factors are harder foistage to intervene in such as the
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possibility that social support mediates part ef tblationship between SED and CVD.
However, through the improvement of communities audities this may lead to
improvements in social structures and hence suppechanisms. However, more complex
interventions will be needed to tackle the inedigdinot only in cardiovascular health but

health in general. | will return to these later.

These are difficult and daunting tasks for theician or health care professional.
However, multiple areas exist where an individugdlth care professional can make a
difference to the risk of CVD associated with SHDe first issue is of identification of
risk. The ASSIGN"?and QRISK"**"*scores attempt to do this by including SED intthei
CVD risk scores. This will ensure that high riskividuals are appropriately identified in
primary care and evidence based therapies th&naren to lower risk of CVD are
appropriately prescribed. This in turn will helpremluce the inverse care lafywhere the

most deprived in most need of health care ardliledy to receive it.

Change is also required early on in an individubifiescourse to alter the risk of future
disease, and as a health care professional engagmgoung adults about poor life style
choices around risk factors such as smoking isilpesand beneficial. Indeed risk factor
management may have one of the largest roles yampl@ducing the differences in CVD
rates in the deprived members of socféfyThe INTERHEART studies indicated that the
large proportion of attributable risk for myocatdi#arction was explained by nine risk
factors, smoking, diabetes, hypertension, abdonabesity, exercise, alcohol,
apoB/apoAl lipoprotein ratio, and a psychosocidémthat measured the presence of
depression and stress at work and at hdriiaese factors accounted for 90.5% of the
attributable risk of myocardial infarction in th2461 cases of myocardial infarction in the
study. In a recent analysis of the INTERHEART stutlg addition of education as a
marker of SED increased this attributable riskrity ®2.7%° This would suggest that
most, if not all, inequalities in myocardial infaon rates could be eliminated if the nine
modifiable risk factors could be improved. This so®t mean that SED is not a risk factor
or important risk factor for CVD but that the ahsgel inequalities may be explained by
these risk factors, which explain the majority ages in a population, even though they do
not explain all of the association between SED @a@®. Thus, in absolute terms,
treatment of known risk factors in a populationrsas smoking and high cholesterol will
reduce SED differences in CVD rates. To furtheusiitate this point, take the following
hypothetical example. If a population existed whadléndividuals smoked, were diabetic
and had hypertension the relative differences iD 8&d CVD would be explained by the

other factors such as cholesterol. However, whitsintervention to reduce serum
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cholesterol would reduce the relative inequalitie€VD it would not reduce the absolute
burden of CVD which was driven by the ubiquity bétother major risk factors in this
theoretical population. Therefore, health caregssionals have the opportunity to reduce
relative and absolute burdens of CVD in the popartelby adequately addressing the risk
factor profile of patients at risk of CVD. A study this theory was conducted in the
Whitehall cohorf®>” The authors reported that reducing the burdeaskical
cardiovascular risk factors, blood pressure, ctietel diabetes and smoking would
reduce by 69%, if current best available practicprmrmacotherapies were applied. If risk
factors could be removed the reduction would be .8B8&refore, despite this some
inequality in coronary heart disease mortality wdordmain. The underlying reasons for
such persisting difference are of course the stibfamuch current research in this area as

the classical cardiovascular risk factors do ngiar the entire gradient.

As noted the INTERHEART studies highlighted the artpnt contribution of

psychosocial factors to the risk of myocardial infeon. However, psychosocial factors
may also explain part of the relationship betweED &nd CVD. Depression can be
screened for using simple to8l<:?”®Through the identification of such patients
appropriate pharmacological therapy or non-pharhoegamal therapy such as cognitive
behavioural therapy could be prescribed in an eftoreduce such psychosocial risks. The
reduction of other psychosocial stressors sucinaadial or housing worries is more

difficult and lends itself to a political approatthaltering SED differentials in CVD risk.

Finally, the use of multidisciplinary teams by hbalare professionals may also lead to
improvements in health outcomes in all membersofety. It is difficult for one health

care professional to address all the determindrisalth. The use of multidisciplinary
teams maximises the chances of therapies beingriired in appropriate doses, and,
maximises the support an individual may receiveaking hard lifestyle choices and
alterations such as smoking cessation. Special@vledge on the complex societal and
contextual effects of the causes of smokifguch as that held by smoking cessation staff

may help to improve the chances of an individuakagg to smoke.

Whilst most of these interventions are not targe®kD per se they do target the known
modifiable risk factors for CVD that most healthre@rofessionals are comfortable
dealing with. These interventions do however fateshealth care professional to try and
supply these treatments and services to the mpsived, and indeed all members of
society, and try to ensure equitable access irtampt to reduce social inequities and the

burden of CVD overall in society.
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Political efforts to reduce health inequalities

Whilst the individual health care professional caske some efforts to improve the health
of individuals and therefore society as a wholes pgerhaps clear that given
socioeconomic differences in health and CVD arduhetion of complex causes, that
society level intervention will be required to heguluce these inequalities. From this
study, and others, it has been shown that SEDmigtazts at the level of the individual

but also at the level of small areas of residence.

Since devolution, a number of policy documents Haeesed on the issue of health
inequalities in Scotland. The first, the 1999 WHhitegper, Towards A Healthier Scotl&hd
recognised that health improvement initiatives $thanclude not only lifestyle choices
and the major diseases but also include life cistances i.e. housing, employment,
education, welfare benefits, childcare and commyuare. All actions were designed to
reduce health inequalities. Policies outlined is tocument were associated with funding
commitments and aimed to redress inequalities gir@unumber of schemes. For
example, interventions were aimed at families anuhg children to improve social
support through after school care and educatidfdaare tax credits. Other interventions
were aimed at housing such as improving the insmant homes of low income families;
the Warm Deal Initiative. Towards a Healthier Saond was followed by subsequent
policy documents. The 2003 White Paper, Partnefshigaré’®, Improving Health in
Scotland: The Challenffe 2003, and the 2005 Delivering for Health reff8riall of which
highlighted the need to reduce inequalities in theal

In 2007, the Scottish Government set up a Miniatdrask Force on Health Inequalities.
The report of the Task Force, Equally V¥&lwas published in 2008 and outlined a
number of recommendations for dealing with the ulyitey causes of health inequalities.
These recommendations fell under a number of hgadearly years & young people;
tackling poverty and increasing employment; phystcevironments and transport; harms

to health and well being, alcohol, drugs and viokrhealth and wellbeing.

Equally Well was followed in 2008 by the Equally IMenplementation Plaf¥? which
sought to outline how the aims of the Equally Weflort could be achieved via policy. A
further publication listed the indicators to be dige assessing progress in tackling
inequalities - Long-term monitoring of health inedjties: first report on headline
indicator$®® Finally, it was originally aimed that the Minisiad Task Force on Health

Inequalities would be reconvened to review progsesse the publication of Equally Well

226



in 2008. The Task Force is expected to report bystmmer of 2010. The review will
specifically consider whether any further actiores required to tackle the inequalities
outlined in the three social policy frameworks ugtly Well, the Early Years Framework
and Achieving Our Potential. This will consider fhrevailing financial climate, new

trends or concepts or evidence in health inegaaliti

The reduction of health inequalities plays a pilodée in the Scottish Government’s
overall purpose of sustainable economic growth. Gbeernment has committed to
increase healthy life expectancy and the propokidncome earned by the three lowest
income deciles as a group by 2017. Inequality-eeladicators also make up some of the
forty-five national indicators being used to trgrkgress towards the achievement of
national outcome®* Examples include, decreasing the proportion oividdals living in
poverty, increasing healthy life expectancy athbintthe most deprived areas, and

reducing mortality from coronary heart disease agribie under 75s in deprived areas.

In parallel to these social model approaches tditaginequalities, the health services in
Scotland are being redeveloped according to prépasa report on health care
delivery?®® This shifted the focus of care onto preventatieasures, in an attempt to
prevent these inequalities in health from occurtrifigis has not been the only change in
preventative healthcare in Scotland. NHS Healttl&ed has as one of its aims to reduce
health inequalities. In Glasgow the establishmémh® Glasgow Centre for Population
Health was intended to develop a better understgrafi health in Glasgow and to
evaluate the impact of strategies with the aimnbfagcing health and in particular

reducing inequalities.

Future areas of research

This study consolidates the current level of evidetinat SED is indeed related to the risk
of cardiovascular disease, but furthers it by aomfig the relationship in a number of
cardiovascular outcomes, over a prolonged perimkpendent of cardiovascular risk
factors. Just as these analyses examined a ghe autrent evidence, other gaps still

remain and should be the focus of further research.

As was noted above, the traditional cardiovasaug&rfactors only explain part of the
association between SED and CVD. It is importamtdw try and elucidate the mechanism
by which SED confers this extra risk. Authors haxamined such issues as pathogen

burdert®, access to healthc&fe and the influence of peri-natal fiféto name but a few
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examples. However, no one unifying hypothesis leadgen found. As noted above, no
one explanation may be found, though further re$earay elucidate the many pathways
by which SED ultimately leads to a higher cardi@éar risk.

In recent years the rate of research in the fiélgeoetic epidemiology has increased
considerably. Some authors have examined focusseetig differences in an attempt to
explain differences in disease rates by SEBowever, overall this field of research is
underutilised in the realm of SED and health, altffothis approach will need careful

consideration of the ethical issu&s.

Finally, one further major gap in our knowledgersunding SED and CVD requires
further investigation. In this thesis | was noteatdl examine the relationship between SED
and other forms for cardiovascular disease sucttred fibrillation and venous
thromboembolism. These other cardiovascular diseage also been understudied with
respect to SED differences in incidence, survitraatment eté®®?*°Further research on

these and less studied cardiovascular diseasegused.

Conclusions

The conclusions and outcomes of the analyses pgeskanthis thesis can be summarised

as follows:

Socioeconomic deprivation is associated with highees of hospitalisation for
cardiovascular disease in men and women irresgeofithe measure of SED, either social

class or the area based score of the CarstairddModex.

The association between SED and hospitalisatiorssgte after adjustment for the
traditional cardiovascular risk factors of age,, s#roking, systolic blood pressure and

diabetes.

The further adjustment for lung function as meadirg FEV1, obesity as measured by

BMI and cardiomegaly on a chest x-ray failed tolakpor diminish this relationship.

The association between SED and CVD is similaoimiary heart disease, myocardial

infarction and stroke and all cause mortality.

The effect of SED is long lasting and persists Inely®5 years of follow up.
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SED is associated with higher mortality following admission to hospital with
cardiovascular disease again after adjustmentafiali@vascular risk factors of age, sex,
smoking, systolic blood pressure and diabetes djus$tng for the year of first developing

cardiovascular disease.

SED is not associated with the risk of a recurcamtiovascular hospitalisation.

The risk of all cause death is highest in the rdestrived. Again this association persists

after adjustment for cardiovascular risk factors.

The most deprived stay longer in hospital thanehst deprived for a number of

cardiovascular disease types including myocardfarction and stroke.

The costs associated with cardiovascular diseaséains to hospital are higher in the
most deprived despite their higher risk of dyinginig follow up. This is mediated by a

higher number of admissions per person and lomgeospital stays in the most deprived.

The population attributable risk associated witlbS& comparable to that of other

traditional cardiovascular risk factors.
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Appendix 1

Search strategy employed in the search of thatiles.

. exp Occupations/

. exp Income/

. exp Employment/

. exp Population characteristics/

. exp Education/

. exp Health Behavior/

. exp Poverty/

. exp Poverty Areas/

. exp Socioeconomic Factors/

10. exp Social Class/

11. exp Social Conditions/

12. exp Unemployment/
13.1or2or3or4or5o0r6o0r7or8or9ortdlori2

14. (poverty or deprivation or deprived or ghettoslums or disadvantaged or
unemployed or unemployment).ti,ab.

15. (socio?economic$ or socio?demographic or inggwa inequalities or (inner adj
(city or cities)) or ((low or high) adj1 (income wage or salary or salaries))).ti,ab.
16. ((standard$1 adj2 living) or (blue adj collar)(white adj collar) or ((working or
middle) adj2 class$)).mp. [mp=title, original titiebstract, name of substance, mesh
subject heading]

17. (socio?economic$ or poverty or depriv$).ti.

18. (poverty or deprivation or deprived or ghettoslums or disadvantaged or
unemployed or unemployment or (socio?economic®oio@demographic or
inequality or inequalities or (inner adj (city aties)) or ((low or high) adjl (income or
wage or salary or salaries))) or ((standard$1 dj2y) or (blue adj collar) or (white
adj collar) or ((working or middle) adj2 class$)(social adj inclusion adj
partnership))).ti.

19.14 0r150r 16 or 17 or 18

20. exp Heart Diseases/

21. *Cardiovascular Diseases/

22. exp Cardiovascular Diseases/

23. (cardiovascular or heart or coronary or cardramyocardial or stroke or
cerebrovascular).ti.

24.200r 21 or 22 or 23

25. 13 and 24

26. 19 and 24

27.25 or 26

©CoOoO~NOOITAWNPEF
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Appendix 2

This appendix gives some examples of the resultiseofull multivariable models from the
analyses of cardiovascular hospitalisations. Om#yresults concerning the analysis of a
first cardiovascular outcome are provided to denratesthe validity of the other variables
in the models The full results of the unadjustediedpthe model adjusted for age, sex,
diabetes, smoking, cholesterol and blood pressureedl as the models including

bronchitis, body mass index, cardiomegaly on ckealy and adjusted FEV1 are included.

Table 97 Full model for all CVD hospitalisations at 25 years with Carstairs Morris index

95%
Hazard Confidence

Variable Ratio SE z P Interval
Deprivation Category 1

Deprivation Category 3 1.10 0.08 1.31 0.191 0.95 1.27
Deprivation Category 4 1.15 0.08 2.01 0.044 1.00 1.31
Deprivation Category 5 122 008 31 0.002 1.08 1.39
Deprivation Category 6 & 7 142 010 5.13 <0.001 1.24 1.62

Table 98 Full model for all CVD hospitalisations at 25 years with Carstairs Morris index
adjusted for age, sex, diabetes, smoking, cholester ol and systolic blood pressure

95%
Hazard Confidence

Variable Ratio SE z P Interval
Deprivation Category 1

Deprivation Category 3 1.10 0.08 1.33 0.183 0.95 1.27
Deprivation Category 4 1.16 0.08 2.15 0.032 1.01 1.33
Deprivation Category 5 1.19 0.08 2.62 0.009 1.04 135
Deprivation Category 6 & 7 1.39 0.09 4.79 <0.001 1.21 158
Age (per year) 1.04 0.00 12.94 <0.001 1.03 1.04
Sex (male vs. female) 1.49 0.05 12.25 <0.001 1.39 1.58
Diabetes 219 024 7.17 <0.001 1.77 271
Smoker 1.44 0.05 10.5 <0.001 134 154
Cholesterol (per mmol/l) 1.07 0.02 4.58 <0.001 1.04 1.10
Systolic blood pressure (per mmHg) 1.01 0.00 14.44 <0.001 1.01 1.01
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Table 99 Full model for all CVD hospitalisations at
adjusted for age, sex, diabetes, smoking, cholester
bronchitis, body mass index and adjusted FEV1.

25 years with Carstairs Morris index

ol and systolic blood pressure,

95%

Hazard Confidence
Variable Ratio SE P Interval
Deprivation Category 1
Deprivation Category 3 1.09 0.08 1.2 0.229 0.95 1.27
Deprivation Category 4 1.12 0.08 1.61 0.107 0.98 1.28
Deprivation Category 5 1.14 0.08 2 0.046 1.00 1.30
Deprivation Category 6 & 7 1.30 0.09 3.81 <0.001 1.14 1.49
Age (per year) 1.04 0.00 12.27 <0.001 1.03 1.04
Sex (male vs. female) 151 0.05 12.29 <0.001 1.41 161
Diabetes 220 0.25 7 <0.001 1.77 2.75
Smoker 1.44  0.05 10.09 <0.001 1.34 1.54
Cholesterol (per mmol/l) 1.07 0.02 4.75 <0.001 1.04 1.10
Systolic blood pressure
(per mmHg) 1.01 0.00 11.97 <0.001 1.01 1.01
Bronchitis 135 0.12 3.44 0.001 1.14 1.61
Body mass index (per
kg/m?) 1.01 0.00 2.84 0.005 1.00 1.02
Cardiomegaly 1.20 0.05 489 <0.001 1.12 1.29
Adjusted FEV1 (per %) 1.00 0.00 -5.2  <0.001 0.99 1.00
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Table 100 Full model for all CVD hospitalisations a

t 25 years with social class

95%
Hazard Confidence

Variable Ratio SE z P Interval

Social Class |

Social Class I 1.22 011 2.17 0.03 1.02 1.46
Social Class IlI-NM 1.19 0.11 1.88 0.06 0.99 1.42
Social Class IlI-M 1.47 0.138 4.35 <0.001 1.23 1.74
Social Class IV 1.29 011 2.88 0.004 1.09 1.54
Social Class V 140 0.14 3.46 0.001 1.16 1.70

Table 101 Full model for all CVD hospitalisations a
age, sex, diabetes, smoking, cholesterol and systol

t 25 years with social class adjusted for
ic blood pressure

95%
Hazard Confidence

Variable SE z P Interval

Social Class |

Social Class I 1.29 0.12 2.73 0.006 1.07 154
Social Class

[1I-NM 1.31 0.12 2.99 0.003 1.10 157
Social Class

11-M 1.37 0.12 3.55 <0.001 1.15 1.63
Social Class

\Y 1.33 0.11 3.2 0.001 1.12 159
Social Class V 1.44 0.14 3.69 <0.001 1.19 175
Age (per year) 1.04 0.002 12.84 <0.001 1.03 1.04
Sex (male vs.

female) 1.48 0.05 11.56 <0.001 1.39 158
Diabetes 2.17 0.24 6.93 <0.001 1.74 270
Smoker 1.45 0.05 10.71 <0.001 1.36 1.56
Cholesterol

(per mmol/l) 1.07 0.01 4.86 <0.001 1.04 1.10
Systolic blood

pressure (per

mmHg) 1.01 0.0006 13.96 <0.001 1.01 1.01
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Table 102 Full model for all CVD hospitalisations a
age, sex, diabetes, smoking, cholesterol and systol

index and adjusted FEV1.

t 25 years with social class adjusted for
ic blood pressure, bronchitis, body mass

95%

Hazard Confidence
Variable Ratio SE z P Interval
Social Class |
Social Class Il 1.27 0.120866 2.53 0.011 1.06 1.53
Social Class IlI-NM 1.31 0.122884 2.86 0.004 1.09 1.57
Social Class IlI-M 1.32  0.11995 3.02 0.002 1.10 1.57
Social Class IV 1.28 0.117988 2.63 0.009 1.06 1.53
Social Class V 1.36 0.138722 2.97 0.003 111 1.66
Age (per year) 1.04 0.003054 12.15 <0.001 1.03 1.04
Sex (male vs. female) 151 0.053251 11.71 <0.001 141 1.62
Diabetes 2.18 0.252124 6.75 <0.001 1.74 274
Smoker 145 0.052863 10.18 <0.001 1.35 1.56
Cholesterol (per mmol/l) 1.08 0.016114 5 <0.001 1.05 111
Systolic blood pressure (per
mmHg) 1.01 0.000679 11.64 <0.001 1.01 1.01
Bronchitis 1.36 0.120321 3.5 <0.001 1.15 1.62
Body mass index (per kg/m?) 1.01 0.004327 2.79 0.005 1.00 1.02
Cardiomegaly 1.21 0.045828 4.95 <0.001 1.12 1.30
Adjusted FEV1 (per %) 1.00 0.00073 -5.19 <0.001 0.99 1.00
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Appendix 3

This appendix gives some examples of the resultiseofull multivariable models from the

analyses that examined the risk of a recurrent@aadcular hospitalisation according to

SED. Only the results concerning the analysis @carrent cardiovascular hospitalisations

are provided to demonstrate the validity of theeotiariables in the models The full
results of the unadjusted model, the model adjustedge, sex, diabetes, smoking,

cholesterol and blood pressure as well as the madeuding bronchitis, body mass

index, cardiomegaly on chest x-ray and adjusted F&¥ included.

Table 103 Full model for all recurrent CVD hospital

isations at 25 years with Carstairs Morris

index
95%
Hazard Confidence

Variable Ratio SE z P Interval

Deprivation Category 1

Deprivation Category 3 1.01 0.10 0.13 0.894 0.84 1.23
Deprivation Category 4 1.07 0.10 0.72 0.471 0.89 1.28
Deprivation Category 5 1.05 0.09 0.6 0.548 0.89 1.25
Deprivation Category 6

&7 1.02 0.09 0.26 0.797 0.85 1.23

Table 104 Full model for all recurrent CVD hospital
index adjusted for age, sex, diabetes, smoking, cho

year of first CVD event

isations at 25 years with Carstairs Morris
lesterol and systolic blood pressure,

95%
Hazard Confidence

Variable Ratio SE 2z P Interval

Deprivation Category 1

Deprivation Category 3 0.99 0.10 -0.08 0.935 0.82 1.20
Deprivation Category 4 1.05 0.10 0.51 0.608 0.87 1.26
Deprivation Category 5 1.02 0.09 0.19 0.848 0.85 1.21
Deprivation Category 6 & 7 0.99 0.09 -0.15 0.885 0.82 1.18
Age (per year) 0.98 0.00 -4.68 <0.001 0.98 0.99
Sex (male vs. female) 1.11 0.05 2.35 0.019 1.02 1.21
Diabetes 1.13 0.17 0.76 0.445 0.83 1.52
Smoker 1.08 0.05 1.64 0.101 0.99 1.18
Cholesterol (per mmol/l) 1.09 0.02 45 <0.001 1.05 1.13
Systolic blood pressure

(per mmHg) 1.00 0.00 2.89 0.004 1.00 1.00
Year of first CVD event 1.00 0.00 -0.11 0.915 0.99 1.01
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Table 105 Full model for all recurrent CVD hospital

index adjusted for age, sex, diabetes, smoking, cho
year of first CVD event, bronchitis, body mass inde

x and adjusted FEV1.

isations at 25 years with Carstairs Morris
lesterol and systolic blood pressure,

95%

Hazard Confidence
Variable Ratio SE P Interval
Deprivation Category 1
Deprivation Category 3 1.00 0.10 -0.03 0.973 0.82 1.21
Deprivation Category 4 1.04 0.10 0.39 0.7 0.86 1.25
Deprivation Category 5 0.99 0.09 -0.13 0.896 0.83 1.18
Deprivation Category 6 &
7 0.96 0.09 -0.41 0.684 0.80 1.16
Age (per year) 0.98 0.00 -4,76  <0.001 0.97 0.99
Sex (male vs. female) 1.17 0.07 2.8 0.005 1.05 1.31
Diabetes 1.07 0.17 0.39 0.694 0.78 1.46
Smoker 1.10 0.05 1.93 0.054 1.00 121
Cholesterol (per mmol/l) 1.09 0.02 456 <0.001 1.05 1.14
Systolic blood pressure
(per mmHg) 1.00 0.00 2.06 0.04 1.00 1.00
Year of first CVD event 1.00 0.00 0.5 0.616 0.99 1.01
Bronchitis 1.04 0.13 0.31 0.756 0.81 1.33
Body mass index (per
kg/m?) 1.00 0.01 0.53 0.598 0.99 1.01
Cardiomegaly 1.18 0.06 3.38 0.001 1.07 1.31
Adjusted FEV1 (per %) 1.00 0.00 -0.71 0.48 1.00 1.00
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Table 106 Model for all recurrent CVD hospitalisati

ons at 25 years with social class

95%

Hazard Confidence
Variable Ratio SE z P Interval
Social Class |
Social Class I 0.94 0.11 -0.56 0.578 0.74 1.18
Social Class lll-
NM 0.90 0.11 -0.88 0.38 0.72 1.13
Social Class IlI-M 0.91 0.10 -0.82 0.41 0.73 1.14
Social Class IV 0.93 0.11 -0.65 0.518 0.74 1.16
Social Class V 0.99 0.13 -0.05 0.957 0.77 1.27

Table 107 Full model for all recurrent CVD hospital
adjusted for age, sex, diabetes, smoking, cholester

first CVD event

isations at 25 years with social class
ol and systolic blood pressure, year of

95%

Hazard Confidence
Variable Ratio SE 2z P Interval
Social Class |
Social Class Il 0.95 0.11 -0.41 0.681 0.75 1.20
Social Class IlI-NM 0.93 0.11 -0.59 0.552 0.74 1.18
Social Class IlI-M 0.90 0.10 -0.91 0.361 0.72 1.13
Social Class IV 0.94 0.11 -0.49 0.624 0.75 1.19
Social Class V 1.02 0.13 0.15 0.884 0.79 131
Age (per year) 0.98 0.00 -4.81 <0.001 0.97 0.99
Sex (male vs. female) 1.12 0.05 2.45 0.014 1.02 1.22
Diabetes 1.15 0.18 0.92 0.358 0.85 1.57
Smoker 1.09 0.05 1.74 0.083 0.99 1.19
Cholesterol (per
mmol/l) 1.09 0.02 43 <0.001 1.05 1.13
Systolic blood
pressure (per mmHg) 1.00 0.00 2.77 0.006 1.00 1.00
Year of first CVD
event 1.00 0.00 0.01 0.99 0.99 1.01
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Table 108 Full model for all recurrent CVD hospital
adjusted for age, sex, diabetes, smoking, cholester

isations at 25 years with social class
ol and systolic blood pressure, year of

first CVD event, bronchitis, body mass index and ad  justed FEVL1..
95%
Hazard Confidence
Variable Ratio SE z P Interval
Social Class |
Social Class Il 0.94 0.12 -0.52 0.605 0.74 1.19
Social Class IlI-NM 0.94 0.11 -0.55 0.579 0.74 1.19
Social Class IlI-M 0.90 0.11 -0.86 0.391 0.72 1.14
Social Class IV 0.94 0.11 -0.51 0.61 0.74 1.19
Social Class V 1.00 0.13 0.01 0.989 0.77 1.30
Age (per year) 0.98 0.00 -4.87 <0.001 0.97 0.99
Sex (male vs.
female) 1.18 0.07 2.89 0.004 1.06 1.33
Diabetes 1.09 0.18 0.55 0.583 0.79 1.50
Smoker 1.10 0.05 1.99 0.047 1.00 1.22
Cholesterol (per
mmol/l) 1.09 0.02 437 <0.001 1.05 1.14
Systolic blood
pressure (per mmHg) 1.00 0.00 1.87 0.062 1.00 1.00
Year of first CVD
event 1.00 0.00 0.61 0.539 0.99 1.01
Bronchitis 1.01 0.13 0.11 0.91 0.79 1.30
Body mass index
(per kg/m?) 1.00 0.01 0.59 0.556 0.99 1.01
Cardiomegaly 1.18 0.06 3.2 0.001 1.06 1.30
Adjusted FEV1 (per
%) 1.00 0.00 -0.75 0.454 1.00 1.00
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