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SUMMARY

Aim:

The aim of this study was to describe the epidemiology of important cardiovascular
discascs (including angina, AMI, acute coronary syndromes, heart failure, atrial tibrillation
and ohesily) in Scotland using routinely available sowrces of data as well as data available

from the Renfrew Paisley study.

Objectives:

¢ To report on the incidence, prevalence, primary care burden and prescribing,
practices of heart failure, angina and atrial fibrillation in Scotland and explore
sociocconomic disparities.

* 1o examine trends in population hospitalisation rates for suspected acute coronary
syndromes and short and long-term outcome following a hospilalisation with an
acute coronary syndromes between 1990 and 2000

* To examine between hospital variability in 30 day survival following an admission
to hospital in Scotland with an acute myocardial infarction.

¢ To examine the long-term cardiovascular consequences of anging and of obesity in

the Renfrew Paisley study.

Methods:
Data was obtained from primary care (Continuous Morbidity Recording in General
Practice Scheme), secondary care (linked Scottish Morbidity Recording Scheme) and

from a prospective cohort study (Renfrew-Paisley Study).

Prescribing and morbidity data were obtainced from a representative sample of all General
Practices in Scotland participating in the Continuous Morbidity Recording in General
Practice Scheme [or the years 1999-2000 (for heart failure) and 2001-2002 (for angina and
atrial fibrillation).

The Linked Scotlish Morbidity Recording Scheme was used (o identily all 225,221 first-

ever emergency admissions for suspected acute coronary syndromes in Scotland between
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1990 and 2000. All emergency admissions for acute myocardial infarction to hospitals in
Scotland during two time periods 1988-1991 and 1998-2001 were also identified using the

Linked Scottish Morbidity Recording Scheme.

The Renfrew-Paisley study was used to examine the long-term cardiovascular
consequences of obesity and angina. In the Renfrew-Paisley study, 15,406 men and women
aged 45-64 years, living in the two industrialised towns of Renfrew and Paisley in the West
of Scotland underwent comprehensive cardiovascular sercening between 1972 and 1976.
All deaths and hospitalisations for cardiovascular reasons occurring over the subsequent 20
years were analysed according to baseline body mass index (BMI1) category and the

presence or absence of Rosc angina.

Results:

F have shown thal angina is @ cornmon condition, more so in men than in women. Deprived
individuals are more likely to have angina but are less likely to consult their general
practitioner. Guideline recommended treatments for angina arc underused in women and
the elderly. I also showed that heart failure is a cominon condition especially in older
people. In the elderly, the community burden of heart failure is at least as great as that of
angina or hypertension. People with heart failure have a high rate of concomitant
respiratory tract infection, Compared with altluent patients, socioeconomically deprived
individuals are 44% more likely (o develop heart failure, but 23% less likely to see their
general practilioner on an ongoing basis. Drugs proven to improve survival in heart failure
are used less frequently in elderly paticnts and in women however prescribed therapy does
not differ across sociocconomic gradients, 1 similarly showed that atrial fibrillation is a
common condition, more so in men than in women. In contrast with heart failure and
ungina deprived individuals are less likely to have atrial fibrillation. As for heart faihue
and angina, recommended treaiments for atrial fibrillation are underused in women and the

elderly.

I'have also shown that the pattern of emergency adimissions with heart discasce to Scotlish
hospitals has changed dramatically over recent years. While population hospitalisation
rates for acule myocardial infurction have declined by a third between 1990 and 2000,
hospitalisation rates for angina and chest pain have nearly doubled. The Jong lerimn

prognosis following an admission {or myocardial infarction or angina is similar, when
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deaths within the first 30 days arc cxcluded. The average 30 day case-fatality rate
lollowing admission with an AMI has fallen substantially over the past 10 years. Between-
hospital variation in 30 day survival is also considerably less marked during the time
period 1998-2001 than it was during the time period 1988-1991 due to betler survival in

the previously poorly performing hospitals.

Using the Renfrew Paisley study, I found that compared with normal weight individuals
(BMI 18.5-24.9), obesity (BMI >30) was associatcd with an increased adjusted risk of
coronary heart disease, heart faihure, stroke, venous thromboembolism and atrial
fibrillation. Obesity was associated with 8 additional cardiovascular deaths and 30
additional cardiovascular hospital admissions for every 100 affceted middle-aged
individuals over the subsequent 20 years. Assuming no changé in cardiovascular risk
profile, the increase in prevalence of obesity in 1998, when compared to 1972, is projected
to lead to an additional 4 cardiovasculuar deaths and 14 admissions per 100 middic-aged
men and women over the next 20 years. Again using the Renfrew-Paisley study, T found
thal individuals with Rose angina had an increascd risk of cardiovascular death or
hospitalisation, myocardial infarction and hear! {ailure relative (o individuals without
angina. An abnormal ECG increased the risk further and both angina and an abnormal
ECG further again when compared to those with neither angina nor an ischaemic BECG.
Compared to men, women with Rose angina were less likely to have a cardiovascular
event, or myocardial infarction, though there was no scx difference in the risk of stroke,

atrial [ibrillation or heart tatlure,

Conclusion:

1 have demonstraled the potential of using data from the Continuous Morbidity Recording
in Genceral Practice Scheme to examine the epidemiology and prescribing practices of
conditions in primary care and explore sociocconomic discrepancies. I'have also
demonstrated the potential of using data from the Linked Scottish Morbidity Recording
Scheme to examine trends in hospitalisations and outcome for discases and explore inter-
hospital variability in outcome. I have also vsed (the Renfrew-Paisley study to examine the
effect of baseline obesity or angina on long term cardiovascular hospitalisations and

deaths,
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1 INTRODUCTION

In this thesis I will examine the epidemiology of cardiovascular disease in Scotland using
data from primary care (Continuous Morbidily Recording in General Practice Scheme),
secondary care (Linked Scottish Morbidity Recording Scheme) as well as data available
from a prospective cohort study, the Renfrew Paisley study. In this chapter, T will review
the literature on the prevalence, incidence, morbidity and mortality of angina, acute
myocardial infarction, heart fatlure, atrial fibriflation and obesity. In chapter 2, T will
outline the aims of my thesis. In chapter 3, I will discuss the Contlinuvus Morbidily
Recording in General Practice Scheme, the Linked Scottish Morbidity Recording Scheme
and the Renfrew Paisley study and explore the methods employed in the various studies 1
have performed. In Chapters 4, 5 and 6, I will discuss the prevalence, incidence, primary
care burden and pharmacological ireatment of angina, heart failure and atrial librillation
and also explore sociveconomic disparitics. Chapters 7 and 8, address temporal trends in
hospitalisation rates for suspected acute coronary syndromes and the shorl and long-term
prognosis following admission with a suspected acute coronary syndrome. Chapter 9
explores between hospital variation in 30 day survival following an admission with an
acnte myacardial infarction. Chapters 10 and 11, examine the long-term cardiovascular
consequences of angina and obesity. Finally in chapter 12, I will summarise the [indings of

this thesis and discuss limitations of the data and the possible avenues for further research.

1.1 Kpidemiology of angina

1.1.1 Prevalence of angina

The prevalence of angina has been estimated in studies by nsing a number of different
methods, mainly; the Rose angina questionnaire, a sell reported angina diagnosis, a

physician diagnosis or a gencral practitioner diagnosis, (Table 1)



1.1.1.1 Prevalence of angina in population studics using Rose angina questionnaire

The majority of population studies examining the prevalence of angina have used the
World Health Organisation (Rosc) qucstion}rlzlire.l This questionnaire was introduced by
Rose in 1962 and has since been widely used for determining the prevalence of angina in
epidemiological studies. The subject is asked il they ever gel chest pain or discomlort
when walking uphill or hurrying. The chest pain is defined as either “definitc” or
“possiblc” angina depending on whether four additional criteria are fulfilled. These
additional criteria are 1} (he pain must be sited in the sternum or the left antesior chest and
arm, 2) when it occurs on walking it must make the subject to stop or slow down, 3) it
musl go away 1J the person stops or slows down and 4) resolve within 10 minutes from the
time when the subject stands still. Grade T angina is chest pain or discomfort when walking
uphill or hurrying. Grade TI angina is if in addition the subject also reports chest pain or
discomfort when walking at an ordinary pace on the level. The Rosc angina questionnaire
is an accepted lechnique wilh good, population bascd, repeatability and validity for the
detection of coronary heart discase.” The validity of thc Rose angina questionnaire has
been tested in studies comparing it 1o a clinical diagnosis of angina, electrocardiogram
(ECG) abnormality. thallium scanning and as a predictor of coronary arlery disease events
and mortality.**” ¥ The Rose angina questionnaire has been shown to have a 819%
sensitivity and a 97% specificity when compared to clinical judgement” and a 26%
sensitivity and 79% specificity when compared (o exercise thallivm tesling®. Because the
questionnaire is standardised it can be used to cstimate disease prevalence in different large
populations. Its’ limited sensitivity and specilicily are outwelghed by its” ease of use,
repeatability when applied to the same group of people, and proven validity in identifying
groups of people at risk of developing the consequences of coronary heart disease.’ Therc
has been debale about which Rose categories should be included in epidemiological
studies. Most epidemiological studies exclude possible anginm.g'ls However, in the British
Regional Heart Study men with ‘possible’ angina were as likely to have an ischaemic ECG
at rest and had a similar risk of acute myocardial infarction during follow-up as those with
‘definite’ angina.'® Men with ‘possible’ angina have also been shown to have a greater risk
of dying from coronary heart disease, having an acute myocardial infarct, or needing a

CABG than age matched counterparts with no symploms of angina.'’

In the 1998 Health Survey for England, a nationally representative sample ol 15,908

persons, aged 16 and over, was interviewed.” The overall prevalence of definite angina

1%



symptoms by the Rose Questionnaire was 2.6% in men and 3.1% in womecn. It was higher
in women than in men in all age groups except for those aged 75 and over, where 7.3% of
men and 5.9% of women reported the symptoms. In the Scottish Hearl Health Si.udyw, the
sel{-administered Rose angina queslionnaire was given Lo a representative sample of
10,359 men and women between 1984 and 1986. Grade 1 and 2 angina was included but it
is not clear if possible angina was excluded. The prevalence of angina was higher in
women (8.5%) than in men (6.3%). The British Regional Heart Study'’ is a prospective
study of 7,735 men who were randomly selected from one general practice in each of 24
British towns. The prevalence of definite angina at entry (1978-1980) 10 men aged 40-39
years was 4.8%. An additional postal questionnaire was sent to surviving men in 1996 (age
56-77) and the prevalence of delinite and possible angina was 13.8%.°° Men belonging to
the manual social class at baseline had almost double the prevalence of angina compared (o
thosc from the non-manual group, The prevalence of angina in women in the UK was
examined in the Royal College of General Praclitioners’ Oral Contraccption Study in
1994-1995." The prevalence of definite angina in 11797 women, mean age 55.9 years,
using a postal questionnaire was 7.4% increasing 10 9.9% in women over 65 years. 'The
prevalence of angina increased with manual social class. Another UK study conducted in
1967 in (he Rhondda Fach in South Wales found a iuch higher prevalence of angina in
women (17.8% aged 45-74 years).”' In (he original Whitehall Study carricd out between
1967 and 1969 among male London civil servants aged 4()-64 years, the prevalence of
detinite and possible angina was 4.8%. In Whitchall I, the prevalence of definite angina
in government employees between 1985 and 1988 was 2.4% in men and 4.0% in women
aged 35-35 years."” The prevalence of angina in middle aged men was found to be similar
(7.7% and 7.8%) in two community studies carried out in South Wales (Caerphilly) and the
West of England (Spccdwe]l).Z?'

Two European population studies have examined the prevalence of angina. In the Northern
Sweden MONICA Project unlike all other studies using the Rosc questionnaire the
prevalence of definile angina was higher i1 men than in women, The prevalence of angina
declined significantly in women aged 35-64 years from 5.9% in 1986 to 2.8% in 1994.'",
In the Reykjavik study which took place between 1983 and 1987 the prevalence of angina
was 6.1% in 1,142 lcelandic men aged 50-79 years.” Prior myocardial infarction was
excluded and Rosc angina was not defined. The Multitactorial trial in prevention of
Coronary Heart Disease % compared the prevalence of angina in five European countries

in the 1970s. The prevalence of angina varied significantly between countrics and ranged



from 2.3% in Spain up to 5.1% in Poland with an overall average of 4.3%. In the UK the

prevalence of angina was 3.6% in 18210 men aged 40-59 years.

Two US studies using the Rose questionnaire have also found a higher prevalence of
angina in women compared to men. The prevalence of definite angina was 6.2% in waomen
and 5.2% in women over 40 years in NHANES 1'% and 4.1% iz women and 3.2% in men
over 30 years in the Lipid Research Program Prevalence Study'>*, In a Canadian
population-based cross-sectional survey he prevalence of delinite angina in 2167
individuals aged 18 to 74 years was 3.1% in men and 4,1% in women.”’ Possible angina
was more prevalent among those with less education, lower income and those who were

unemployed.

The prevalence of angina has been shown in these studics to increase with age. A direct
comparison between the different studies is difficult due to the different age proiiles of
patients studied. Most studies have found a higher prevalence of Rose angina in women
than men. We do not know whether this difference reflects true difference in the
prevalence of angina between the sexes or whether it is a difference in the perception or
description of chest pain between sexes highlighted by the Rose questionnaire. All-cause
mortality rates ave higher in women with Rose angina compared to women without."
Coronary artecy disease risk has shown to be raised in women with Rose angina even when
they have high levcls of general symptom reporting. ' Variation in symptom reliability
between sexes has not been shown to explain the higher prevalence of Rose angina in
women.”® The variability of angina symptoms over a S-year period was examined in the
British Regional Heart Study and whilst there was considerable variabilily in response o
the Rosc questionnaire at the two tune points, it was shown. thal persistently reported

symptoms were associaled with severe disease and a poor prognosis.”®

L1.1.2 Prevalence of angina in population studies based on a self-report of angina.

Both the Health Survey (or Engla11d9 and the Scottish Heart Health Studylg, in addition fo
the Rose questionnaire, estimaled the prevalence of angina based on sell reported angina.
In the Health Survey for England in contrast to the prevalence of Rose angina, more men
(5.3%) than women (3.9%) reported having ever had angina. Similarly in the Scottish
Heart Health Study, the prevalence of a history of angina was higher in men (5.5%) than n

women (3.9%).



L.L.1.3 Prevalence of angina in population studies using a physician diagnoses.

In the Primary Prevention Study subjects judged to have definite or suspected angina on
Rose angina questionnaire were then interviewed and examined by a single physician 10
confirm the diagnosis. At the second screening visit, which took place between 1974 and
1977, the prevalence of angina in men aged 51-59 years was 4.4%."? In the Cardiovascular
Health Study29 the prevalence of angina was ascertained in 5,201 adults aged 65 years and
older. A diagnosis of angina was based on a self-report of angina in combination with
either use ol nitrates, revascularisation, hospital diagnosis of angina or physician diagnosis
of angina. The prevalence of angina was 15.4% in men and 9.8% in women over 05 years.
In the Framingham Study30 the prevalence of physician diagnosed angina was 5.9% during
14 years of biennial cardiovascular surveillance in a cohort (aged 30-62 al entry) who were
free of clinical manifestations of coronary heart disease at initial screening 1949-1952.
From 1951 through 1986 in the Framingham Study angina was the inilial presenting

: - . . . o Al
manifestation of coronary disease in 39% ot subjects.

1.1.1.4 Prevalence of angina based on genceral practitioner reported diagnoses.

Studics estimating prevalence bascd on gencral practitioner (GP) diagnosis of angina have
strengths and weaknesses compared to the more commonly used alternative of
administration of a questionnaire. There have been concerns that the questionnaire
approach may overestimate the prevalence of angina, especially in women. Conversely,
reliance on a medical diagnosis may underestimate prevalence as individuals with
unrecognised angina or very mild symptoms might not attend (or be correctly identificd
by) their general practitioner. In addition there is concern that GP coding of angina in the
UK may be different since the introduction of the new General Mcdical Services (GMS)
contract in 2004 which provides financial incentives for the correct management of

. . . 2
patients with angina.*

Two studics used an analysis of nitratc prescribing to establish the prevalence of angina,
Nitrates are mostly used for the treatment of angina.™ Prescription analysis has the
advantage that it 1s cheap and can be done quickly and by few staff. In the Nottingham
nitrate study™ the prevalence as estimated using nitrate prescriptions in 1984 was 2.6% in

paticnts over 30 years.



The prevalence of angina in 1992 was determined by using GPs’ records {rom 21 general
practices in the Wakelield region of northern England® of paticnts who are regularly
taking nitrates, 3.2% of men and 3.0% of women had angina. The prevalence ol angina
was higher in men than in women in all age groups and rosc steeply with age. The
Newcastle General Practice survey™, carried out in 1979, reported a prevalence of 1.1% in
subjects aged 30-59 years which is lower (than other studies. This survey was conducted by
51 general practitioners and identified 336 patients with angina through either repeat
prescriptions, recent consultations or recall. Case-ascertainment therefore may not have

been complete.

1.1.1.5 Secular trends in prevalence of angina

Trends in the prevalence of angina have been examined using data from the British

Regional Heart Study.m

The Rose angina questionnaire was used to ascertain the
prevalence of current angina symptoims at four tinic points between 1978 and 1996. They
found that over this time period middle-aged British men with and without a diagnosis of
coronary heart discase were less likely to expericnce symptoms of angina. In a separate
study of the same cohort the incidence of diagnosed angina (ascertained from general
practicc record reviews) sccimns o have increased by 2.6% per year between 1978 and
2000 A possible explanaiion [or the differences between these two studies may be that a
greater proportion of angina cases are now formally diagnosed. This may result from
general practitioners prioritising the early identification and treatment of coronary heart
discasc and an increasc in availability of diagnostic investigations for suspected angina.
The prevalence of angina also increased in Ingland and Wales in the 1990s compared to
the 1980’s using data from the general practice morbidity suweyf” The Minnesota Heart
Survey reporied a 56% increase in the discharge rate for angina in men and a 30% increase
in women between 19835 and 1995 (with a 20% decline in the discharge rate for acute

Vg e g . . 38
myocardial infarction (AMI) in both nien and women).”
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1.1.2 Incidence of angina

Table 2 shows studies reporting the incidence of angina. There are fewer studies that have
examined the incidence of angina in men and women as it is more difficult to examine.

The best information on incidence comes {rom cohorl studics.

In a study of referrals to a chest pain clinic at the Royal South Fants Tlospital in
Southampton the incidence of angina was 0.8 per 1,000 in persons aged 31-70 years.” All
general practiioners in Southampton agreed to refer any patient presenting for the first
tme with chest pain, which in their opinion could be stable angina. The denominator was
all men and women in the practice population. The incidence in this study is lower than
other studies and may reflect the methods employed. The incidence of angina in men aged
50-39 vears was compared between France and Northern Ireland in the Prospeciive
Epidemiological Study of Myocardial Infarction (PRIME) study." This was carricd out
between 1991 and 1994. Angina was defined by the presence of chest pain at rest and/or on
exertion and one of the following criteria: angiographic stenosis or posilive functional test
(il no angiographic data) or ECG changes at rest (if no angilographic or functional test
data). The incidence was higher in Northern Ireland (5.4 per 1,000 per year) than in France
(2.6 per 1.000 per year). During a {0-year follow-up of the Seven Countrics Studies
cohorts, the average annual incidence of angina as the only manifestation of coronary heart
discasc in men aged 40-59 years was 0.1% 1n Japan. Greece and Croatia, 0.2-0.4% in ltaly,

Scrbia, Netherlands and USA and 0.6-1.1% in Finland."'

The Framingham Heart Study is a longitudinal study in which 5,127 persons free of
clinical manifestations of coronary heart disease at initial screening between 1949 and
1952 were followed for 14 years.™** The annoal incidence of angina was 3. per 1,000 in
men and 2.8 per 1,000 in women. The Framingham Cardiovascular Disease Survey was a 1
year survey in which all new cases of angina in patients over 30 ycars ol age were
identified in the lown of Framingham between 1970 and 1971 vsing hospital, GP and
pharmacist records and death certificate data.*** The aunual incidence of angina was
lower at 1.8 per 1,000 in men and 0.4 per 1,000 in women. A possible explanation is that
the Iramingham Ileart Study used periodic direct examination of a population sample
whereas shorl-term population studies like the Cardiovascular Disease Survey are

dependent upon patient-initiatcd contacts and thercfore are likely to miss mild angina




pectoris. In both these studies the incidence of angina was higher in men than in women in
most age groups and increased wilh age. Two other older US studies with similar
methodology reported similar incidence rates to the Cardiovascular Discase Survey, ™
The incidence of angina in older patients was exanuned in a US study of mcembers of the
Kaiser Foundation Health Plan.*® The incidence of angina in those over 80 years in the
1980-1981 cohort was 12.6 per 1,000 person years in men and 5.1 per 1,000 person years

in women.

The annual incidence of angina in Japanese American men aged 45-68 years in the
Honolulu Heart Program was 2.1 per 1,000.%7 In the Tsrae) Ischaemic Heart Disease Project
male civil service employees aged 40 years and over were followed between 1963 and
1968. The annual age-adjnsted incidence of angina was 7.2 per 1,000, which is higher than

other studics.
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1.1.3 Angina morbidity

1.1.3.1 Risk of non-fatal events associated with angina

In contrast to case-fatality there ave relatively few studies, which have reported non-fatal
events in patients with angina (Table 3). The British Regional Heart Study™® examined the
combined outcome of coronary hearl disease death or non-fatal myocardial infarction.
They showed that men with angina were twice as likely to have a coronary heart disease
death or non-fatal myocardial infarction over 10 years when compared to men withoul
angina.

The Tramingham study looked at non-fatal myocardial infarction alone.”' 33.4% of men
and 17.8% ol women with angina had a myocardial infarction over a 10 year follow-up,
The Franungham study also looked at the risk of coronary heart disease events in subjects
reporting chest discomfort.” Men with definite angina had a threcfold increased risk (OR
3.7,95% C12.1, 6.6) and woren a [ivelold increased risk (5.4 (3.1, 9.3)) of developing
unstable angina, myocardial infarction or cardiac death within two years of first
presentation. An excess risk was also present for individuals with possible angina (men 3.0
(1.3, 6.7); women 2.9 (1.1, 7.2)) howcver there was no increase in risk associated with

non-anginal chest discomfort.

During a median follow-up of 15.8 months, 7.5% of patients aged 31-70 years with newly
diagnosed typical angina referred (o a chest pain clinic in Southhampton experienced a
myocardial infarction and 18.7% undcrwen( coronary revascularisation.” The Prospective
Registry of Acute Ischaemic Syndromes in the UK (PRAIS-UK) examined outcome
following hospitalisation with an acute coronary syndrome without ST segment elevation
between 1998 and 1999, Patients presenting with acute chest pain and an ischacmic ECG
or a prior history of coronary heart disease were included. This study therefore included
both patients with unstable angina and those with non-ST elevation myocardial infarction.
These two groups were not analysed separatcly however, and creatinine kinase was not a
predictor of an adverse outcome. The risk ol subscquent myocardial infarction was 7.3%

during the 6-month follow-up.

al : : 53 = . -
11 T11C KOCNESer Loionar carl 1S€ASC FTOIECL  , WOINICN WIL anginag were 537 1€8S
In the Rochester C y Hearl D Project’ th ang 3% ]

likely than men to have a cardiac death or non-fatal myocardial infarction.
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Patients with angina are likely to be at increased risk of other complications of coronary
heart disease {e.g. heart failure) and non-cardiac vascular events (e.g. stroke). The British
Regional Heart Study® found that 5% of men with angina developed a stroke (identified
[rom general practitioner records), a relative risk 2.6 times that of men without angina.
There is however very little information on the risk of other non-fatal cutcomes in patients

with angina.
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1.1.4 Angina mortality

Swdies reporting on mortality outcomes in patients with angina are shown in Table 4. In
the Framingham Study®' 291 men and 319 women who were [tee at baseline screening of
coronary artery disease, developed angina between 1951 and 1986. Their mcan age was 61
and 64 years in men and women respectively. During a mean follow-up of 10 years 41.5%
of men and 31.5% of women died and 28.2% ol men and 16.7% of womcen died from
coronary heart disease. In the Rochester Coronary Heart Disease Project™ the diagnosis of
angina was idenlified through review of medical records from physicians offices and
hospitals in Rochester between 1960 and 1979. Angina was diagnosed in 529 women and
504 men aged =30 years (33% over 70 years) and they were followed up until 1982, 10-
year mortality was 29.6% {or women and 40.8% for men. Women were 55% less likely to

die at 1 year compared (o men (RR 0.45 95% CI10.37, 0.55).

In the Reykjavik Study5'1', 9141 men aged 34-79 at enlry (1967-1987) were {ollowed for 4-
20 years. There were 3 different angina groups a) definite angina by Rose questionnaire
with ECG manifestation of myocardial ischaemia, b) definite angina by Rose questionnaire
with normal ECG and physician’s diagnosis; ¢) definite angina by Rose questionnaire only.
Ten year mortality was 11-13% in the three groups. Those with angina had a 1.7- to 2.2-
fold risk of all cause mortality and a 2.5- to 3.2-fold risk of CHID mortality depending on
the subgroup of angina over the follow-up period. In the Primary Prevention Study" 7,100
men, aged 51-59 vears, and living in Gétehorg, Sweden were screened between 1974 and
1977 and followed for at least 16 years. Angina was identified by questionnaire and
confirmed by examination by a physician, in 314 men with no prior myocardial infarction.
In men with angina there were 33.0 deaths per 1000 observation years and 17.6 coronary
heart discase deaths per 1000 observation years. Yhe adjusted risk of all cause death was
1.63 (1.38, 1.93) and coronary hcart discasc death was 2.60 (2.04, 3.31) relative to no

coronary heart disease.

In the British Regional Heart Study™ 7,735 men, aged 40-59 years at entry (1978-1980)
were followed up for 15 years. There were two angina groups, those with diagnosed angina
(n=123) and those with angina symptoms (n=349) (defined as definite or possible on Rose
angina questionnaire with no prior history of ischaemic heart disease). The 10 year risk of

death was 3.0 (2.1, 4.2) and of cardiovascular mortality was 4.3 (2.7, 6.9) for the diagnosed
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angina group when compared Lo men with no coronary heart disease. The equivalent
hazard ratios for the angina symptoms group was 2.0 (1.5, 2.6) and 2.6 (1.8, 3.8). In the
Whitchall Sl,ud}'22 angina was classificd according 1o Rosc angina questionnaire however
they do not define whether possible Rose angina was included. The 5 year coronary heart
discase mortality rate in 40-64 year old men was 7.1%. Tn the Whitchall IT study™ 6,895
men and 3413 women, aged 35-55 years, were [ollowed up for a mean of 11 years. Angina
was defined as a GI? or hospital diagnosis of angina and the presence of angina on Rose
angina questionnaire. The mortality rate, adjusted for age and sex, was 3.4 per 1000 person

years at risk.

In the Royal College of General Practitioncrs’ Oral Contraception Study 1 angina as
defined as deflinite angina on the Rose Angina Questionnaire was identified in 640 women.
The 5-year mortality rate was 6.3%. In a study by Campbell er al’' 1428 women aged 45-
74 years living in Wales, were [ollowed for 12 years. Angina was defined as definite
angina on Rose Angina Questionnaire. The 12-year mortality rate for 45-74 year olds with

angina was 22.8%.

The mortalily of patients hospitalised with unstable angina was examined using population
data from Alberta, Canada and the outcomnce in men and women compared.ﬂ’ Belween 1993
and 2000 there were 8,441 admissions with unstable angina, Five-year mortality was
similar in men and women (19.7% versus 21.60%). After multivariable adjustment women
with unstable angina had a survival advantage over men (HR 0.81, 95% (CI0.72, 0.92).

The risk of death following admission with unstable angina increased with age.
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1.2 Epidemiology of acute myocardial infarction

1.2.1 Incidence of acute myocardial infarction

Studies reporting the incidence of acute myocardial infarctionr {AMI) are shown in Table 5,
The methodology emploved diflers between studies. Some studies use hospitalised patient
registries to report the incidence of AMI However these do not include approxumately
40% of AMI which occur as oul of hospital cardiac deaths. Alternatively some studies
report both fatal and non fatal AMI by including both AMI which are admitted to hospilal
and out of hospital cardiac deaths. Studies also differ as to whether they look at first events
only, or include individuals with first or subsequent AMI or look at AMI attack rates
(which may include the same individual on morc than one occasion). Rifferent diagnostic
criteria between different studies cccur and this delermines whether mild cascs are
included as AMI or not. In addition measwrements of more sensilive biomarkers for
rayocardial damagce such as cardiac troponins were introduced around 2000. This is likely
lo result in individuals with a mild troponin leak being labelled as AMI (hat would
previously have been labelled as unstable angina.”” Another potential problem with
myocardial infarction registries is that unrecognised AMI are nol included. AMI are more
likely to be unrecognised in women.®® In the Reykjavik study 33% of non-fatal AMI in
women were unrecognised. More unrecognised events occurred in the younger age groups

(40%) than in the older {(27%).%!

1.2.1.1 Incidence of acule myeocardial infarction in hospitalised paticnt regis(ries

Using the resources of the Rochester Epidemiology Project63 all individuals hospitalised
with a first AMI between 1979 and 1994 were identified. The diagnosis of AMI was
validated by review of casc notes. In 1994, the age adjusted annual incidence was 260 per
100,000 in men and 180 per 100,000 in women. The Minnesota Heart Survey®® randomly
selected a sample of ail case notes of individuals aged 30-74 years discharged {from
hospital with a diagnosis of acute CHD in the Twin Cities of Minncapolis and St Panl in
1985, 1990 and 1995. Standardised criteria were use to validate a diagnosis of AMI. First
and recurrent events were distinguished by examining medical records. The age adjusted
annual incidence of first. AMI was 272 per 100,000 in men and 105 per 100,000 in women
in 1995. The Worcester Heart Altack Stady™ included all 3,148 individuals hospitalised
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with a first AMI in Worcesler, Massachusetts between 1975 and 1988. In 1988, the age-
adjusted incidence rate of first AMI was 2440 per 100,000 in men and 137 per 100,000 in

"l . . .
™ examined incidence of

women. The Atherosclerosis Risk in Communities Study (ARIC)
coronary heart disease in individuals aged 35 to 74 years in four communities in the United
States. In 1994, the age adjusted incidence of first AMI was 180 per 100,000 in women
and 410 per 100,000 in men, The Corpus Christi [Heart Projcct65 examined all residents
aged 25-74 years in Nucees County, Texas hospitalised with a frst AMI between 1988 and
1992, There was a grealer incidence of hospitalised first AMI among Mexican Americans
(367 per 100,000 in men and 205 per 100,000 in women in 1991/92) than among non-
Hispanic whites (342 in men and 150 in women). The age adjusted rate of haspitalisation
for AMI in 1997 was 482 per 100,000 using data from the National Hospilal Discharge

Survey®™. All discharges from non-institutional hospitals in Columbia were included and

no distinction was made between first and recurrent AMI,

1.2.1.2 Incidence of acute myocardial infarction including out of hospital deaths

The World Health Organization MONICA project is a study thatl consists of 39
collaborative centres in 26 countries and monitors deaths from coronary heart disease,
myocardial infarction, coronary carc and risk factors.’” ‘I'he ‘T'oulouse MONICA Stady™
reported on the incidence of first AMI in men and women aged 35 to 64 years living in the
French department of Haute-Garonne in south-western France, Out of hospital deaths were
included. In 1993, the age adjusted incidence for first AMI was 162 per 100,000 in men
and 29 per 100,000 in women. In the Oxford myocardial infarction incidence study’’, all
patients with AMI in Oxlordshire, England in 1994-95, were identified using WHGO
MONICA diagnostic criteria. The annval rate for a [irst or recurrent coronary event (fatal
and non-fatal) per 100,000 was 273 for men and 66 for women aged <65 years and 1350

[or men and 677 for women aged 65-74 years.

Using the National AMI1 Register for Sweden’ =", all 303,324 Swedes discharged from
hospitals, or deceased with a diagnosis of AMI between 1987 and 1995 were identified.
The age standardised atlack rate of AMIin 1995 was 881 per 100,000 in men and 381 per
100,000 in women. These studics have been consistent in their findings that the incidence
of AMI increases with age and is higher in men than in women in all age groups. The
Regicor Study’ used a community based registry to determine the incidence of AMI in the

province of Gerona, Spain from 1990 to 1992. Age standardised incidence rates (first AMT
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cases only) for delinitc and fatal possible AMI were 130.4 per 100000 men and 27.1 per
100000 women aged 25-74 years.

In the NHANES Lpidemiologic Follow-up Study™ the incidence of first AMT including
out of hospital deaths in 9,774 participants aged 35-74 years, was 492 per 100,000 in the
1982-92 cohort.

In the Hunter Valley Heart Attack Study’® the AMI attack rate (all AMT including out of
hospital deaths) in 1979 in a well-defined arca in New South Wales, Australia was 258 per
100,000.
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1.2.1.3 ‘Frends in incidence of acute myocardial infarction

Many studies have Jlooked al rends in AMI event rates. (Table 6) Some studies have

reported a decline in the incidence of AMPHHHO8727778

G

while others have shown that the
. . . Y39 . . .

incidence has remained stable®™ 7980 1n several studies the direction of the trend has been
different in men and women.%s"! Changes in the incidence of AMI are postulated to be

driven by changes in known coronary risk factors,

Examination of trends in the incidence of AMI over 10 years from the mid 1980s in 37
populations in 21 countries across four conlinents in the W10 MONICA Project™ showed
that non-fatal definite AMI fell by 2.1% in men and 0.8% in women per ycar. When fatal
cveats were included there was a similar decline (2.1% and 1.4% in women). Using routine
data, all deaths and discharges with AMI in Denmark and Sweden were extracted for the
period 1978-98 for Denmark and 1987-1999 for Sweden.”” Between 1991 and 1998 there
was an average annual relative decrease in the incidence of first AMI of 6% in men and
5.9% in women in Denmark. This was signilicantly higher than in Sweden where the
incidence declined by 2.3% in men and 1.8% in women per year between 1991 and 1998,
Analyses based on the National AMI Register in Sweden’? showed that between 1987 and
1995, the age-standardised attack rate of AMI declined by 11% for imen and 10% for
women. Altack rates include all AMI discharges (principal or seccondary coding) or AMI
deaths. and a recurrent AMI after 28 days was included as a new event. The attack rate
decreased more in younger than in older people and the magnitude of this decline was
much greater in younger men than in younger women. The incidence of {irst AMI in
Stockholm County, Sweden’® declined between 1984 and 1996 in both men and women,
The average yearly decline of [irst AMI was 2% in men and |.4% in women. The decline

was seen in all ages above 44 years in men and above 54 years in woinen.

In the Worcester Heart Attack Stlldy63, the incidence of first AMI in Worcester,
Massachusetts decrcased by 25% between 1975 and 1995. Temporal trends however show
an increase inltially in age-adjusted incidence rates between (975 and [98] after which
time these rates declined through 1990 and then slightly increased after this period up to
1995. In the Minnesota ITeart Survey™ AMI discharges for the years 1983, 1990 and 1995
were identified {rom discharge diagnoses from the Twin Cities metropolitan area hospitals
and then validated. The rate of all AMI hospital discharges, declined by almost 20%,
between 1985 and 1995.
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The incidence of AMT in Perth, Western Australia, declined by 24% in men and 37% in
women between 1971 and 1982.% Fatal and non-fatal AMI were included using MONICA

definilions.

The Atherosclerosis Risk in Communitics (ARIC) Study” showed that the age-adjusted
rate of first hospitalised AMI remained relatively stable between 1987 and 1996 in four US
comununities. These resuits differed from MONICA althoagh the study was carried out at
the same time and in association with MONICA. Possible explanations may include use of
different age groups and diagnostic criteria in the two studies.”® In ARIC there was a
modest decline in attack rates of recurrent hospitalised AMI. Between 1986 and 1996, all
AMI discharges and all death records with CHD listed as the cause of death amnong New
Jersey residents > 15 years were analysed.m Both first and recurrent events are included in
the analysis. The age-adjusicd rate for AMI hospilalisation remained stable, whereas the
out-of-hospital death rate increased. There was a non-significant mean annual decline in
age-adjusted rates of hospitalisation for AMI of 0.8% betlween 1988 and 1997 using data
from the National Hospital Discharge Survey.®® In NHANES Epidemiologic Follow-up
Study“, between 1971-1982 and 1982-1992, age standardiscd incidence of fatal and non-
fatal AMI increased slightly however this did not reach statistical significance. In a
community surveillance study of all AMI from the Pee Dee area of South Carolina, US*,
there was a 22.7% reduction in period prevalence of AMI (including hospitalisations and
out~of~hospilal deaths) from 1978 to 19835 in individuals aged 35 to 74 years. Period
prevalence was defined as a first AMI within one year or an out-of-hospital AMI death.
The Oxford myocardial infarction incidence studyﬂ, reported a non-significant decline in
non-fatal, definite, AMI in men and 4 non-significant increase in women. Between 1966-7
and 1994-5 when out of hospital deaths were included, there was a decline in both sexes
over the time period, however this only reached significance in men. In Olmsted County,
Minnesota® between 1979 and 1994 the incidence of hospitalised infarction increased in
women but decreased slightly in men. The incidence of AMI increased over time in older

persons Compared 1o younger persens.

In summary the incidence of AMI is higher in men than in women and the majority of
studics have reported a deercase in Lthe incidence of AMI over e especially in men.
Changes in prevalence of known coronary risk factors in the population are most probably
responsible for this change. Whilst improved medical intervention and secondary

prevention are factors in the reduction of recurrent cvents,
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1.2.2 Acute myocardial infarction morbidity

1.2.2.1 Re-infarction

The Framingham Heart Study showed a second AMI rate of 6% at one year following a Q
wave AMI and 13% following a non-Q wave AMI'7 whilst Gilpin et al reported a one year
recurrent AMI rate of 6.7%'%. As expected, patients with a second AMI were older (3 years
on average) and had more cardiovascular risk factors (c.g. diabetes and hypertension),
presurnably demonsirating the patential of these factors to increase the likelihvod of a
recurrent event. Patients with a second AMI also had more cardiovascular co-morbidity,
probably reflecting the conseguences of greater cardiac injury. For example, these patients
had more atrial fibrillation and a particularly notable excess of heart failure. In addition,
individuals with a recuryent AMI had more non-cardiovascular co-morbidity, presumably
reflecting common actiological factors (c.g. COPD in relation to smoking) and the older

age of these patients.

1.2.2.2 Heart Failure

Following an AMI heart [ailure can occur due to left ventricular systolic dysfunction as a
consequence of myocardial damage. In the Yorkshire AMI Study, 9% of men and 11% of
women hospitalised with AMI (either first or recurrent) had a previous history of heart
failure.® In the Northern Sweden MONICA Project, 6.5% ol men and 7.6% of women
aged 35-64 years hospitalised with an AMI, had a clinical diagnosis of heart failure at the
time of discharge.™ In the G8teborg Study, 18% of men and 29% of wornen with AMI had
a history of congestive heart failure.*In the REGICOR Study 8% of men and 19% of
women hospitalised with a first AMI in Spain had a history of heart failurc.*® The
prevalence increased substantially with age in both sexes. The National Registry of
Myocardial Infarction 2% was a prospective observational study of patients admillcd to
participating hospitals in the US with an AMI. Data was collected on 384,878 men and
women admitled (o hospital with an AMI between 1994 and 1998. 13% of men and 21% of
women had a history of heart failure, In the Alberta Health and Wellness database, 26% of
women and 17% of men had a diagnosis of previous hearl failure on their discharge

record.>®
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1.2.3 Acute myocardial infarction mortality

1.2.3.1 Short-term survival of patients with acute myocardial infarction

Short term survival following AMI has been reported in many studies (Table 7).
Comparison between different studies is difficult as some studies do not distinguish
between [irst and recurrent AMI and age specific rates are not always reported. In addition
some studies use 28 or 30 day survival end-points where as others use in-hospital survival

as a proxy for short term survival,

In the UK the Oxford Myocardial Infarction Incidence Study’" carried out between 1994-
95 the 28 day case fatality [or hospitalised AMI was 12.2% in mien and 14% in women
aged <65 years. If out-of-hospital deaths from AMI were included 28 day case fatality rose

fo 38.6% in mcn and 36.1% in womcen,

A number of European studies have examined shorl term survival after an AMI In the
REGICOR Study™ unadjusted 28 day case fatality after a Q wave AMI was 18.8% in
women and 9.3% in men aged <75 years. Between 1989 and 19935, deflinite AMI was
monitored in people aged 35-64 years in nine hospitals in Northern Sweden as part of the
Northern Sweden MONICA Proje‘.:r;.84 A definite AMI was identified in 2,183 men and
669 women. Pre-hospital case-fatality was sigaificantly higher in men (24.1 vs. 19.3%) bul
in patients treated in hospital, the case-Tatality was signilicantly lower in men (12.7% vs.
21.2% respectively). Between 1987 and 1995 crude case fatality was 22.6% in men and
27.5% in women aged 30 to 89 years hospitalised with a first or recurrent AMT using data
from the Swedish National Acutc Myocardial Infarction Register.”® After adjusting for age
women were less likely than men to dic at 28 days (odds ratio 0.98; 95% CI10.96-1.00). In
the MONICA Bremen Sl,udygs, 2273 German men and women aged 25-69 years with an
admission for a first AMI were identified. The unadjusted 28 day casc [atality rale was
23.1% in women and 16.1% in men. Adjusting for the older age of women did not
eliminate the difference in case-fatality between men and women completely. The in-
hospital case-fatality rate of 92 individuals admitted o a single hospital in Géitebor,g_r,85
with AMI, was 12% in men and 19% in women (p<0.01). Women were older than men (76
vs. 69 years). In a multivariable analysis, female scx did not appear as an independent risk

factor for death.
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In the National Registry of Myocardial Infarction 2% in-hospital case fatality was 16.7% in
women and 11.5% in men in participating hospitals across the US between 1994 and 1998.
Similarly in another US study, using data from the National Hospital Discharge Survey®,
in-hospital case fatality in individuals aged >335 years beiween 1988 and 1997 was 11.1%.
Case fatality was higher among women than men in all age groups except in those above
age 85 years. Using the resources of the Rochester Epidemioclogy Project&, case lalality
rates for first hospitalised AMI in Olmsled Counly, Minnesota were examined. In 1994, 28
day case fatality rates werc 7% in men and 15% in woimen. In the Minnesota Heart
Survey® in 1990, age adjusted 28 day case [atalily was 10% in men and 12% in women in
the Twin Cities of Minneapolis and St. Paul. The Myocardial Infarction Triage and
Intervention (MITT) registry database”™ contains information on 4255 women and 8076
men whao developed an AMIin 19 Seattle, Washington area hospitals between 1988 and
1994, In-hospital case fatality was 13.7% in women and 7.8% in men. After adjusting for
age women were 20% more likely to die in hospital than men. The EPESE Studym was a
prospective cohort study of 2182 individuals aged =65 years who were living in New
Haven, Connecticut in 1982. Over the next 10 years 223 individuals were hospitalised with
an AMI. Overall 30 day case fatality did not differ significantly between men (25.0%) and
women (21.4%). The Worcester Heart Attack Studyo2 examined survival in 3,148 patients
hospitalised with a first AMI between 1975 and 1988. The age adjustled in-hospilal case

fatality rates were 17.9% in women and 15.2% in men.
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1.2.3.2 Trends in short-term survival following acute myocardial infarction

Trends in short-term survival following an AMI are shown in Table 8. Whils( it is
postulated that changes in the incidence of AMI are driven by changes in known coronary
risk Factors™ it is thought that changes in survival rates are determined by changes in
medical care (improvements in the immediate management of an AMI and improvements
in secondary prevention). Comparison hetween different studies is hindered by differences
in methodology. Many of (he studies do not distinguish between first and subsequent AMI.
Many studies including the MONICA studies have included out-of-hospital deaths in their
analysis. Not all studies have adjusted for prognostic factors which may influence changes

in survival over time.

Using routine data in Scotland, 117,718 patients admitled to hospital in Scotland with a
first AMI between 1986 and 1995 werc identified.” Over the thme period 30 day casc-
fatality fell by 16% in men and 27% in women after multivariable adjustment. In the
Oxford myocardial infaxction incidence stud}y7| there was also a significant reduction in 30
day case-fatality between 1966-7 and 1994-35 in both sexes however the decline was

greater in women (33%) compared to men (43%).

Other Furopean studies have also demonstrated a reduction in shoit-term case fatality
following AMI. Using routine data Abildstrom et al’’ showed a significant reduction in 28
day case-fatality following an AMI hospitalisation in men and women, in different age
groups, in Denmark (1978-98) and in Sweden (1987-98). Deaths occurring on the day of
the infarct were excluded. Improvements in short-term survival following an AMI have
also been reporied by two other Swedish studies up to 1995 284 The National AMI
Register in Sweden’” examined case-fatalily in all 303,324 Swedes with an AMT admission
or death between 1987 and 19935, Age standardised 28 day casc-fatality declined (rom 49%
to 45% n men and from 45% (o 42% in women. The improvement in shorl-term case
fatality was even more marked for patients alive on admission 1.e. from 30 to 23% in men
and [rom 28 to 23% in women. In the Northern Sweden MONICA. Projeots" over the
period 1989 to 1995, age standardised 28 day case fatality following an admission with an
AMI declined significantly in both men and women. The Toulouse-MONICA Study™
showed a significant decline in 28 day case-fatality following a first AMT between [9285
and 1993 however like many of the MONICA studies deaths in individuals who die before

reaching hospital with an AMI were included.



In-hospital case-fatality for all AMI in the Worcester Heart Attack Study™ was 19.9% in
1975 and 12.0% in 2001 (p value for wrend <0.001}, After controlling for age and sex there
was a 63% decline in case-fatality during the 25 year period. The National Hospital
Discharge Survey® also demonstrated a significant decline in in-hospital case fatality
following AMI. Age adjusted in-hospital case fatality decreased by nearly half, from 7.6%
inl988 to 3.9% in 1997. The average annual percentage decline was signilicantly higher
among older patients in both men and women. In the Ontario Myocardial Infarction
Database%, there was a modest improvement in short term survival after an AMI in 89.456
individuals hospitalised between 1992 and 1996. The 30-day risk-adjusted case fatality rate
declined from 15.5% in 1992 1o 14.0% in 1996. In New Jersey, between 1986 and 1996, 30
day case fatality after an AMI admission decreased by 17.3%.% The Minnesota Heart
Survey® demonstrated an improvement in short term case Fatality in men and wormen,
Between 1985 and 1990 there was a 26% reduction in 28-day case fatality in men and a
16% reduction in women. In the ARIC Study™, between 1987 and 1994, age-adjusted 28
day case [alality rate [ell by 4.1% per year in men and 9.8% per year in women. This
decline was statistically significant only among women. In contrast the Rochester
Epidemiology Pruject&, demonstrated no significant emporal trend in 28 day cuase-latalily
rates for AMIL Unadjusted case fatality rates for first AMI in men were 10% in 1979 and
7% in 1994 (14% and 15% respectively in women). The casc-fatalily ralc decrcased over
time in persons younger than 75 years of age, but did not change in persons 75 years of age

or older.
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1.2.3.3 TLonger term survival of patients with acute myocardial infarction

Tablc 9 shows studies cxamining the longer term prognasis following AMI. The
REGICOR Study™ examined the risk of death in individuals aged 25-74 years who were
admitted to a tertiury hospital in Gerona, Spain with a first AMI between 1978 and 1997.
Unadjusted three year case fatality in those who had survived the first 30 days was 12%.
Women had a worse thrce year case-fatality compared 1o men (21.8% versus 10.3%).
Another European study using the Helsinki Coronary Re gist1‘y97 included information on
388 men and 178 women wilth a first AMI between 1970 and 1971, Among 28 day

survivors, age adjusted five year case [atality was 17.3% in women and 26.3% in men.

The Alberta Health and Wellness databases™ examined longer-term casc-fatality in 7,158
women and 15,809 men admitted w hospital following an AMI between 1993 and 2000 in
the Western Canadian province of Alberta. kive year crude case fatality was 38.8% in

women and 26.8% in men.

In the Worcester Heart Attack Study™, two year case fatality rate in persons hospitalised
with a confi'rméd AMI between 1975 and 1995 in Worcester, Massachusells, was 28.9% in
women and 19.6% in men. Similarly, two year case fatality was 20% in men and 29% in
women hospitalised with an AMI from the MITT Registry in Washington.” In the
Minnesota Heart Survey™, three year age-adjusted case fatalily following a first AMI was

18% in men and 24% in women aged 30 to 74 years in 1990.
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1.2.3.4 Trends in longer term survival following AMI

There are few studies describing trends in longer terin casc fatality following AMI (Table
10). In Scotland, 5 year case-fatality fell from 52.3% in 1985 10 46.3% in 1991.°" The
relative risk aof death fell by 34% in men and 30% in women using multivariable analysis
to adjust for age and co-morbidities. In the Minnesota Heart Survey® age adjusted three-
year case Tatality after 4 first AMI declined from 21% (o 18% in men and from 29% Lo
24% in women between 1985 and 1990, however neither of these falls was statistically

significant.

In summary in recent years there has been a decrease in the incidence of AMI and &
decreased occurrence of recurrent coronary events. In addilion case-[atality following an
AMI has improved. Improvements in primary prevention, the acule munagement of AMI
and secondary prevention have contributed to these improvements. To further improve
mortality however we need to tackle the large proportion of AMI1 which de not survive to

reach hospital.
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1.3Epidemiology of heart failure

1.3.1 Prevalence of heart failure

The prevalence of the clinical syndrome of heart failure in population studies primarily
comes [rom two sources. Firstly, studies based on physician records or prescriptions for
heart failure medications and secondly, cross-sectional or cohort studies wheie individuals
are screened [or heart failure. In addition 1 number of studies have reported on the
prevalence of lefl ventricular systolic dysfunction (both symptomatic and asymptomatic)

and the prevalence of heart failure with preserved systolic function.

1.3.1.1 Population studies based on physician records and prescriptions

The prevalence of heart failure in population studies based on physician records is shown
in Table 11. The prevalence of heart fatlure in 21| general practices in England and Wales
covering 2.60% ol the population was examined using the General Practice Research
Database. ™ Diagnosis and treatment data were recorded by general practitioners
participating in the General Practice Research Database in the course of their clinical work
bascd on clinical judgement or on information given to them by hospital or other medical
personnel. Diagnostic data were recorded nsing OXMIS (based on ICD-8) and/or READ
(based on ICD 9) code terms and submitied to the database on a regular basis. The
prevalence of heart failure was 1.2% in men and 1.6% in women increasing (o 19% in
those over 85 years in 1998. The morbidity statistics from General Practice also recorded
diagnostic information [rom all lace-1o-face contacts between a General Practitioner or a
practice nurse and a patient in 60 General Practices in England and Wales during an carlicr
time period, 1" September 1991 to 31* August 1992.'%' Data was entered on a computer in
the practice using READ codes. The prevalence of heart failure was lower at 0.8% in men

and 1.0% in women but also increased dramatically with age.

The REACH study was a retrospective study using administrative databases of outpatient
visits and hospitalisations within the Henry Ford Health System. ' 29,686 patients with
heart failure were identilfied between 1989 and 1999. The prevalence in 1999 was 14.5 per
1,000 in men and 14.3 per 1,000 in women. There was an annual increase in prevalence of

1 per 1,000 in men and 0.9 per 1,000 in women. In the Rochester Epidemiology Project'®,
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the overall prevalence of heart [ailure was 2.7 per 1000 in persons 25 through 74 years of
age in 1981. Patients who had a diagnosis of heart failure made at an inpalient or oulpatient
visit in Rochester Minnesota were identified and the diagnosis of heart failure confirmed
through a review of medical records. Again using the resources of the Rochester
Epidemiology Project'™ in 1997 a random sample of 2,042 residents who were at least 45
years old were identified. Each participant’s medical records were reviewed to see il any
diagnosis of heart failure had been made and checked to sce if the documented clinical
nformation fulfilled Framingham criteria. The overall prevalence of heart failure was

2.2% increasing to 8.4% in those over 75 years.

There are 4 retrospeclive studies of heart failure prevalence in the UK, which used drug
prescriptions as a surrogate for heart failure. Lip et al'™ reported an overall prevalence of
heart failure of 24 per 1000 in three GI? practices in Birmingham in paticots over 40 years
of age. Mair el al'® reporied a prevalence of 80.5 per 1000 among patients over 63 years
attending 2 general practices in Liverpool in 1994, Clarke et al'” found the prevalence of
heart failure in six general practices in Nottinghamshire in 1992 was 2.4 per 1000 among
those under 60 years increasing to 32 per 1000 in those over 60 years. Parameshwar et al'™
found the prevalence of heart failure in three general practices in North West London in
1988 was 0.6 per 1000 among patients under 65 years of age rising to 27.7 per 1000 in
those over 65 years. Tu Lhese studies patients were identiflied through prescriptions [or heart

07108 1 heart Failure medication'®1%) and a

faulure medications (cither diwretics alone
diagnosis of heart failure was confirmed using the clinical case notes. Patients had to
satisly one of the four clinical diagnostic criteria; symptomatic response to diuretic
treatment with evidence of heart disease clinically, on electrocardiogram or on
echocardiogram; dyspnoes with clinical signs ol heart Failure on examination; dyspnoea
with evidence of cardiomegaly or pulmonary oedema on chest X-ray; dyspnoea with left

S _ . . : 105;107;108
ventricular dysfunction on echocardiogram or left ventriculogram.
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L.3.1.2 Population studics based on clinical criferia

The prevulence of heart failure in cross sectional or cohort studies is shown in Table 12.
The EPICA study1 '9 js a cross-sectional obscrvational study where 5,434 individuals
attending 365 general practilivners in mainland Portugal in 1998 were recruited
consecutively and stratified by age. Patients with 3 or more points on the Boston
questionnaire or on any heait tailure medication underwent further cardiovascular
invesfigations and heart failure cases were identified according to the Guidelines of the
European Society of Cardiology. The prevalence of heart failure in subjects over 25 years
of age was 4.4% and increased to 7.6% in subjects aged 00-69 years. The presence of heart

failure in 5,540 participants of the Rotterdam Study’'!

which took place between 1990 and
1993 was determined by assessment of symptoms and signs and use of heart failure
medications. In this population based cohorl study the prevalence of heart failure was 39
per 1000 in subjects aged 55-94 years. In 1990-91, 501 randomly sclected individuals in
Helsinki born in 1904, 1909 and 1914 were examined clinically and with cardiac
ultrasound as part of the Helsinki Ageing Sludy.] 2 Heart failure was diagnosed by criteria
bascd on symptouns, clinical examination and chest radiography. The prevalence of heart
failure was 8.2% in men and women aged 75-86 years. In the study of men born in 1913'",
a sample of 973 men, 50 years old, born in Géteborg, Sweden, were initially identified in
1963 and tollowed for 17 years. Heart failure diagnosis was bascd on a scoring syslem
which included dyspnoea, cardiac discase, heart failure treatment or death from heart
failure. The prevalence of ‘manifest’ heart failure was 2.1% at 50 years, 4.3% at 60 year
and 13% at 67 years. In another Swedish population study*'* the prevalence of heart failure
diagnosed on clinical history, examination and chest X-ray, was 11-17% in men and 8-
119% in women aged 70-73 years. In an earlier study of a random sample of 476 persons
over 62 years of age from Sheffield, England the prevalence of heart tailure was 3%

increasing 1o 5% if hypertensive heart disease was included,'"”

In the US in the Cardiovascular Health Study™, 5,201 individuals aged 65 years and older
underwent haseline screening in 1989-90. Sell reporl of heart failure required confirmation
by the use of heart failure medications or a physician diagnosis of heart failurc or a heart
failure discharge diagnosis. The overall prevalence of heart failure was 2.0% in those =65
years and 2.6% in those >85 years which is much lower than other studics, The
discrepancy could be a consequence of healthy participant bias that resulted in a healthier
than average study sample, 687 predominantly African-American participants were added

to the Cardiovascular Health Study in 1992, In 1994-95 clinic visit (n=4,942)



echocardiograms were recorded along with examinations and interviews."*® The prevalence
of heart [ailore was 8.8% (mean age 77 £ 5 years). The prevalence of heart failure
increased even in the very old age range and this was particularly striking in women in
whom it increased more than twofold from 6.6% at age 65-69 o 14% at age >85 years.
T'he authors do not address why the prevalence is so ditfcrent between these two studies —
the later time period and the inclusion of African- Ainerican participants are unlikely to
explain the huge discrepancies. In the Framingham Study'"” during the 1980s, among
individuals aged = 45 years, the age-adjusied prevalence of heart failure was 2.4% in men
and 2.5% 1n women. Using data collected [rom the National Health and Nutrition
Examination Survey' 18 (NHANES-1, 1971-1975) the prevalence of heart failure was 20
per 1000 in subjects under 74 years bascd on self reporting and a clinical scoring system,
In an earlier survey ol residents of Tivans County, Georgia, US the prevalence of heart

failure was 21 per 1000 in persons aged 45-74 years.' 9

The prevalence of heart failure varies substantially between the various studies and this
could be due to the different diagnostic criteria and the different age groups studied. In
most of these studies heart failure was diagnosed clinically and no objective evidence ol

felt ventricular dysfunction, apart from chest X-ray, was obtaincd.

44



JqE[IBAR JoU=VN ‘danjiej jaedy =JH

(S1eaA (sreak (saeak “fH 10 vLRIUD (eI S ‘B131020)
(s1eak $£-€9) L'pE vL-SY) §'LL vL-St) 84T PL-SP) TIT FLS| (VN) Z01¢ 2961-0961 “Apmis [EUONJAS $5010) ‘Anuno) sueAg
SISOUZRIP JH J0J BLIILID [BIWI])
(s3eak p-69) S 0z 6l 0z LT LOv'p1 SL6I-1L6] “Apmis uoyoo aandadsold | eiep [uuoneu g
“WIA)SAS JULIODS AIN[Ie) LUEaH uapams
(s1eak £9) 01 VN (sreak (6) 1T VN L9-0S (%001) €8 0861-£961 “Apms L0yod Andadsoid ‘d10ga100
(s1R3A 68-08) UAIOM (s0861) (50861) SISOUSRIP JH 10§ 2I00S [BIWID)
Ut 6L pue uaw ut 99 ST ¥ VN Sh< (%1€) $0S6 40 TS9 8861-8761 “Aprus uoyod aanoadsolq | g ‘weySunuelg
(s1eah G/ ) uauiom LL6T-9L61
Ut ]| pue U ut L | paud2Ids-2y
(sreak (L) uswom speak TLel-1Lel AXD PUB BLIAILD [Ed1UND u3apams
ui () pue uawi ui o | YN VN | SLpueQL (%6£) 811 paudaldg Apnus Loyod aandadsoig ‘31042100
(s1eak 98
~-C/) UAWOM Ul 7S PUR UAW BLI2)LID [BII30[0IPE PUv [BIIUID)
UL £6 "SIX3 i0q ui 78§ VN VN VN 98-CL (%LT) 108 1661-0661 ‘Apms uonejndod aanoadsoig | puejuij ‘BHuisPH
69
2de uvapy ‘SUONEDIPAL PUE BLIAILID SpuepayiaN J
(sreak $8-GL) OE 1 (siwak ¢6<) O (s1eak ¢¢<) L€ (sreak 6<) 6€ S6-6€ (% 1) PIssasse (pes £661-0661 [earur|) “Apmas 10y0d aAndadsoiyd A WepIRnNoy WepINoy
(sqeaA $8<) uuom
ul 7T pue uaw ul 67
(s1eak §9<) uatom )
ut /] pue uaw ut €7 (%Ew) 1028 0661-6861 ‘uonedpaul
anjiey weay Jo sisouderp ueorsAyd
Aq uoneuuyuod pue yodai Jjag
(sreak ¢9<) 88 VN VN VN §9< (%0F) Tr8Y JO ST S661-1661 “Apms 10y0d 2andadsoid sn
‘dH 10j LD [edtul]d Sy
%9 'saonoed ared
ade uvapy Arewud ¢og Surpuane siuaned jo
(003K 6L-0L) LTI 8Ep §t< (%LE) PEVS JO 1SS 8661 | Apms [EUONEAIISQO [BUONDAS 5010 [ednuog
(uoux ! :
ady | spofqusjosaqumny [ joumax s Jo adAy, Apmg

BLIDJLID [BDIUIP uo paseq saipnys uonendod ul aunfiej j1eay Jo dud[eAdI] 7] dqR],




1.3.1.3 Prevalence of left ventricular systolic dysfunction based on

echocardiographic surveys

In the UK in the Echocardiographic Heart of England Screening study'm: 3960 patients
aged 45 years and older [rom primary care practices in the West Midlands region of
England were asscssed by history, examination, electrocardiography and echocardiography
between [995 and 1999.(Table 13) The prevalence of left ventricular systolic dysfunction
delined as an ¢jection {raction <40% was 2.9% in men and 0.7% in women increasing Lo
3.6% in those aged over 75 vears. S8% of patients with heart failure had preserved systolic
function and 47% of patients with lefi ventricular systolic dysfnnction were asymptomatic.
In the Glasgow studym 1,640 persons aged 25-74 years who had taken part in the Glasgow
MONICA study were assessed with questionnaives, electrocardiography and
cchocardiography. The prevalence of definite left ventricular systolic dysfunction defined
as a left ventricular gjection fraction <30% was 2.9%, was higher in men than in women
(4.0% versus 2.0%) and increased with age. If participants with an cjection fraction of
<35% were included the prevalence was 7.7%. The prevalence of asymptomatic left
ventricular systolic dysfunction was 1.4%. In another UK study, 817 elderly patients aged
70-84 years, from a four centre group general practice in Poole Dorset underwent
echocardiographic qualitative assessment of left ventricular systolic function.'* The
overall prevalence of lefl ventricular systolic dyslunction was 7.5% and was higher in men
than in women (12.8% versus 2.9%). Prevalence was more than twice as high at age > 80

than at ages 70-74 years (20.5% in men and 5.4% in women).

A random samplc of 433 men and women aged 75 years from the city of Vasteras, Sweden
were assessed by a single physician for the presence or absence of heart failure using

I . . . . 123
clinical history, examination and electrocardiogram.

All patients underwent an
echocardiogram to which the physician was blinded. The prevalence of lefl ventricular
systolic dysfunction (defined as an ejection fraction <43% or a wall motion index <1.7)
was 6.8%. The prevalence of left ventricular systolic dysfunction was significantly higher
in men (10.2%) than in women (3.4%). 46% of paticnts with left ventricular systolic
dysfunction were asymptomatic and 46% of patients with heart failure had preserved left

ventricular function. In the EPICA study''®

the prevalence of heart failure due Lo systolic
dysfunction was 1.3% and the prevalence of heart failure with normal systolic function was
1.7%. A higher proportion of women (2.4%) than men (0.9%) had preserved systolic
function and a higher proportion of men than women had systolic dysfunction (1.9%

versus 0.8%). In the Rotierdam study] " he prevalence of left ventricular systolic
46




dysfunction {fractional shortening >25%) was 2.5 times higher in men than in women
(5.5% versus 2.2%) howcver in contrast with other studies the prevalence did not increase
with age. 60% of persons with left ventricular systolic dysfanction were asymptomatic. In
a cross sectional survey of a random sample of 2158 patients = 50 years from three general
practices in Copenhagen, Denmark, 357 patients with definite or suspected heart discase
were identified through review of case notes and questionnaires and an cchocardiogram
was performed in 126 of these patients. 21 The prevalence of lefi ventricular systolic
dysfunction was 2.9%. 34% of patienls with lefl ventricular systolic dysfunction were
asymplomatic and 56% of patients with heart failure had preserved syslolic lunction. The
prevalence of left ventricular systolic dysfunction was 11.3% in clderly persons in the
Helsinki Agoing Study''? and 51% of patients had heart failure with preserved systolic

{uncrion,

In the Rochester Epidemiology Project'™ the prevalence of lell ventricular systolic
dysfunction was 2.0% in individuals > 45 years and 4.4% in those > 75 years. 44% ol
palicnts with left ventricular systolic dysfunction were asymploinatic and 55% of paticnts
with heart failure had preserved left ventricular function. In the Cardiovascelar Health
Study''®, 429 of men and 67% of women with heart failure had normal lefl ventricular
function (ejection {raction >55%) and §0% had normal or mildly reduced left ventricular

systolic function (ejection fraction >45%).
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1.3.2 Incidence of heart failure

In the UK, two general practitioner studics have reporied on the incidence of heart failure,
(Table 14) Cowie et al'* identified new cases of heart Failure from a population of 151,000
served by 82 general practitioners in Hillingdon, West London through surveillance of
acutc hospital admissions and through a rapid access clinic to which general practitioners
referred all new cases of suspected heart failure. The diagnosis of heart failure was
confirmed by a panel of (hree cardiologisls on the basis of clinical assessment,
electrocardiography, chest X-ray and echocardiogram. The incidence of hearl failure was
1.3 cascs per 1,000 population per year for those over 25 yeais and was higher in men (1.4
per 1,000 person years) than in women (1.2 per 1,000 person years). The incidence
increased {rom (.02 cases per 1,000 population per year in those aged 25-34 years to 11.6
in those aged 85 ycars and over. The incidence of heart failure for the year 1996 in
individuals 40-84 years using the General Practice Research Database'?® was 4.2 per 1,000
person-years (4.4 in men and 3.9 in women). Heart failure cases were identified from the
database and for a random sample of 1,200 patients a questionnaire was sen( {o the general
practitioner to coniirm the diagnosis of an incident case of heurt [ailure. The lower
incidence in the Hillingdon study in similar age groups presumably reflected the difference

in the criteria for case definition used in the two studies.

In the Stody of men born in 1913'"? the incidence of ‘manifest’ heart failure was 1.5,4.3
and 10.2 per 1,000 person years in men aged 50-54 vears, 55-60 years and 61-67 years
respectively. In a population based surveillance study from four rural communities in
Eastern Finland'*’ the incidence of heart [ailure was 4 per 1,000 per year in men and 1 per

1,000 per year in women increasing to 8 per 1,000 person per year in those over 65 years.

In the REACH study'? the incidence of heart failure in 1999 was 3.7 per 1,000 in men
and 4.2 per 1,000 in women of all ages. Incidence rates were higher in men and African
Americans across all age groups. There were no secular trends from 1989-1999. The
annual incidence during the 1980s in the Framingham study] 17 among persons =45 years
was 7.2 cases/1,000 1n men and 4.7 cases/[,000 in women. In a more recent analysis of the
Framingham data'*® the incidence of heat failure was examined in four periods 1950-69,
1970-79, 1980-89 and 1990-99. As compared with the raie for the period [roin 1950
through 1969, the incidence of heart failure remained virtnally unchanged among men in

the threc subsequent periods but declined by 31% to 40% among women (rate ratio for the
50



period from 1990 through 1999, 0.69). Using the resources of the Rochester Epidemiology
Proje.(:t129 the incidence of heart failure was 2.8 per 1,000 in 1981 and 1991. The incidence
was higher in men than in women and increased with dramatically with age to 60 per 1,000
person years in those over 79 years. There was no difference in incidence raics between the

1981 and 1991 cohorts.
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1.3.3 Heart failure morbidity

1.3.3.1 Hospitalisations for heart failure

. . . . . .. . . . 130-136
Rates of hospitalisations for heart failure have been increasing in recent years.

In the Leicestershire StLIdyI3O, between 1993/94 and 2000/01, rates of first hospitalisations
for heart failure increased by 62% from 29 to 47/10,000 population. Record linked
discharge and mortality data were used to identify 12,220 rcsidents aged =40 ycars who
were admitted for a fivst heart failure in any coding position to any of the hospitals scrving
the population of Leicestershire, England. In Scotland”', using routine data, the number of
hospitalisations with a principal diagnosis of heart failure increased by 16% in men and
12% in women between 1990 and 1996. The highest numbers of hospitalisations for heart
failure were recorded in 1993 for men and 1994 in women suggesting thal the epidemic of

increasing rates of hospitalisations for heart failure seems to have peaked.

Using the Swedish Hospiral Discharge Registry' ™, 156,919 hospital discharges with heart
failure in men and wornen aged 45-84 years from 19 Swedish counties (population 2.9
million) were identificd between 1988 and 2000. Hospitalisations for heart failure
increased until 1993 in both men and women and in all uge groups, after which a yearly
decrease in hospitalisations was observed. In 2000, 24 men and 17 women per 10,000
inhabilants were discharged with heart failure. In the Netherlands'™?, from 1980 to 1993
age adjusted discharge rates with a principal diagnosis of heart failure rose by 48% for men

and 40% for women.

In the US, in the Medicare popu]ation134, paticnts over 65 years with an initial hospital
admission for heart failure in 1986 (n=631,306) and 1993 (n==803,5006) were identified. An
initial hospital admission for heart failure was defined as no prior admission for heart
failure in the previous two years. Age standardised hospitalisation rates for any diagnosis
of hearl [ailure were higher in 1993 compared to 1986. The number of hospitalisations for
heart lailure in patients over 33 years between 1995 and 1995 were estimated [rom the
National Hospital Discharge Survey.'* The number of hospitalisations for heart failure
increased by 49.1% i men and 52.5% in women between 1985 and 1995, Almost 78% of

men and 85% of women hospitalised with heart Failure were 265 years.

n
[



Trends in admissions to hospital in Montreal, Canada"® hetween 1990 and 1997, were
examined for individuals aged 65 years or greater. The annual rate of admission to hospital
for hear( failure increased from 92 per 10,000 population in 1990/91 to 124 per 10,000
population in 1997/98.

1.3.3.2  Quality of life

Heart failure impaixs self-reported quality of life more so than any other common chronic

. c 137138
medical condition.

1.3.3.3 Other morbidity

Patients with heart failure have an increased risk of myocardial infarction {as a

. P . v . 139:1410
consegquence of an ischaemic aetiology), atrial fibrillation and consequently stroke.

1.3.4 Heart failure mortality

1.3.4.1 Prognosis of heart failurc in comumunity based stndics

Table 15 shows the prognosis of heart failure in community based studies from Europe,
Canada and US. The IN-CHT registry™*' prospectively collected information on 3327
outpatients with heart failure referred to 133 cardiology centres throughout Italy between
1995 and 1998. One year case latality was 16.3% and was significantly higher in patients
over 70 years (22% versus 13.7%). Age was an independent predictor of 1-year case
fatality, increasing by 2.8% for each year of age. In the Helsinki Ageing Study''?, in 1990,
46% of individuals aged 75-86 with heart failure died within 4 years. This correcsponded to

an age and sex adjusted relative risk of all-cause mortality of 2.1.

1% death rates from heart

In a study using death certificate data from Quebec, Canada
failurc was 10.4-10.6 per 10,000 population >65 years between 1990 and 1997, and

increased with age.
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Using the resources of the Rochester Epidemiology Project® 4537 Olmsted County
residents with a diagnosis of heart [ailure between 1979 and 2000 were identilied and a
sample was validated using clinical and Framingham criteria. Case-latality at 30 days, 1
year and 5 years was 6%, 21% and 50% respectively in men and 4%, 7% and 46%
respectively in women. The casc-fatality in patients with heart Failure at 30 days, 1 vear
and 5 years in the Framingham 1990-99 cohort'?® was 119%, 28% and 59% in. men and
10%, 24% and 45% in women respectively, ‘The Framingham cohort was slightly older
than Rochester (mean age 80 yeurs versus 74). In both these studies men had a higher age
adjusted risk of death than women. Tn NHANES 1 (1971-1975)'"%, the 10 year case-fatality

was 49.8% for men and 36.0% for women aged 25-74 years with heart failure.
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1.3.4.2 Prognosis of patients hospitalised with heart failure

Hospital based studies reporting the prognosis of heart failure is shown in Table 16.

In the Leicestershire -study13 % one and five year case fatality following a first hospitalisation
[or heart failure, between 1993 and 2001, was 43% and 73% respectively. There was a 43-
45% increase in visk of death for each decade of age at admission and a 14-17% increase
associated with male sex. One and four month case fatality was higher in patients with
heart failure associated with an acute myocardial infarction. All patients admitted to
hospital in Scotland with a principal diagnosis of heart (ailure between 1986 and 1995
were examined.'** Crude case fatality rates at 30 days, 1 year and 3 years wore 19.9%,

44.5% and 76.5%. Median survival was 1.47 years in men and 1.39 years in women.

In Sweden one year case fatality following a first hospitalisation with heart failure,
belween 1988-2000, was 9% in men and 8% in women aged 45-54 years, increasing to
35% in men and 30% in women aged 75-84 ycars.132 In the Multifactor Primary Prevention
study'*, a random population sample of 7495 men were examined in 1970-73 and
followed until 1996. 937 men were hospitalised for heart failure during the 27 years of
follow-up. A diagnosis of heart failure increased the risk of death by more than eight times.
In another earlier study from Western Sweden'*®, all hospital records of patients with heart
failure aged 16-65 years between 1980 and 1987, were examined in all hospitals in the
region. The five year casc fatality ratc was 50%. All heart [ailure cases {principal or
secondary diagnosis; first or recurrent admission) admitted to hospital in Lombardy, [taly
were identified using a database of hospital records.'# In-hospital case fatality was 10.9%
in 1997 and was lower in women than in men and increased with age. In the
Netherlands'™, 15.3% of all patients with a principal discharge diagnosis of heart failure in
1993 died in hospital. In-hospital case fatality was higher in men than in women in all age

groups.

Crude 30-day and 1-year case-fatality rates after first admissions for heart [ailure were
11.6% and 33.1% respectively in Ontario, Canada hetween 1994 and 199717 Case-fatality
rates increased with age. Patients =75 years were 4 times more likely to die at 30 days and
one year compared o those aged 20-49 years. After adjusting for age men showed a higher

30 day and one ycar casc fatality rale than wornen.

Medicare patients hospitalised with a first admission for heart failure at 29 Northeast Ohio

Hospitals were identified between 1991 and 1997."® Crude 30 day and 1-year case fatality
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rates were 8.6% and 36.5% respectively. In the Post-Acute Care study'®, in 519 Medicare
patients, aged =635 years, from Minneapolis, Pittsburgh and Houston, who were discharged
alive after a hospitalisation for heart fadure during 1988 and 1999, 1 year case fatality was
higher in men (48%) than in women (35%). In an earlier study of first heart failure
hospitalisations of a national cohort of Medicare patients aged >67years™” only 19% of
black men, 16% of white men, 25% of black women and 23% of white women survived 6

years.
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1.3.4.3 Trends in survival of paticats with heart fuilure

In the Leicestershire study'™ between 1993/94 and 2000/01 there was a 35% reduction in
the adjusted risk of death and a 50% rcduoction in the risk of cardiovascular death.{Table
17) In Scotland’®, 30 day case-fatality rates fell between 1986 and 1995 by 26% in mcen
and 17% in women. Longer term case-Tatality rates {ell by 18% in men and 14% in

WOMEN.

Tn Sweden 30 day and 1 year case fatality [ollowing a heart failure hospitalisation
decreased between 1988 and 2000 in both men and women. '™ The decrease was more
pronounced i the younger age groups. There was a yearly decrease in one year case
fatality of 9% in men and 10% in women aged 45-54 years and 4% in men and 5% in
women aged 75-84 years. In the Nelherlands'™®, age adjusted in-hospital casc fatality
decreased from 19.9% in 1980 (o 15.5% in 1993 in men and [rom 17.8% o 14.9% in

WAOInen.

In Ontario, Canada from 1992-2000, there was a 2.8% reduction in age-, sex- and co
morbidity-adjusted 1 year casc fatality but no change in 30 day case fatality.””" In
Montreal, Canada' between 1990 and 1997, in individuals aged 65 years or more age-
adjusted case fatality rates did not change significantly. From the IN-CHF 1'egistryl§2 of
ontpatients with heart failure in ltaly, there was a 30% increased adjusted risk of death in
1995 compared to 1999,

Using (he resources of the Rochester Epidemiology Project™, age adjusted 5-year survival
after heart failure diagnosis improved over time from 43% in 1979-84 to 52% in 1996-
2000. There were age and sex differences in the degree of improvement in survival.
Survival improved more in younger men than older men. In women survival improved in
younger women but to a lesser exlent than men and did not change in older age groups. In

the Framingham study’*®

, the 30 day, 1-yeay, and 5-year age-adjusted case fatality rates
among men declined from 12%, 30%, and 70% respectively, in the period (rom 1950
through 1969 to 11%, 28% and 59%, respectively, in the period from 1990 through 1999,
The corresponding rates among women were 18%, 28% and 57% for the period from 1950
through 1969 and 10%, 24% and 45% for the period [rom 1990 through 1999, Overall,
there was an improvement in the survival rafe after the onset of heart failure of 12% per

decade. Among Medicare patients hospitaliscd with heart failure in Northeast Ohio there
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was a 15.3% decreasc in 30-day case fatality and a 14.6% decrease in I-vear case [atalily

between 1991 and 1997.7°%

In summary heart failure is 4 common condition affecting approximately 1% of the
population. The prevalence of heart failure increases with age to approximately 10% of the
population over 75 years of age. Aronnd 50% ol patients with hecart failure have preserved
systolic (unction and 50% of patients with left ventricular systolic dysfunction are
asymptomatic. Hospitalisations for heart failure are common and have increased over time.
The prognosis for heart failure is poor however there is cvidence that survival has

improved in recent years.
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1.4 Epidemiology of atrial fibrillation

1.4.1 Prevalence of atrial fibrillation

P31 41 15 estimated

Atrial fibrillation is the most common sustained cardiac arrhylhmia.
that 2.2 million adults in the United States have atrial fibrillation.'> The prevalence of
atrial fibritlation is increasing because the population is ageing and survival from
conditions predisposing to atrizl fibrillation {such as coronary heart disease and heart
failure) is improving.'**"*® This prompted Braunwald in his Shattuck Lecture to refer (o
the growing ‘epidemic’ of atrial fibrillation,'”

158-161

. . 2
Four UK primary care studics 162

and one primary care study from the Nethierlunds
have reported the prevalence of atrial fibrillation in recent years. {Table 18) The SAFE (rial
was a multicentred randomised controlled trial involving patients > 65 vears from 50
primary care practices across the West Midlands.'®! They were randomised to 23
interventional practices and 25 control practices. GPs and practice nurses in the
interventional practices received education on the importance of atrial fibrillation detection
and ECG interpretation. The overall prevalence of atrial fibrillation was 7.2% and was
higher in men than in women. The prevalence increased with age to 10.3% in those over 75
years. Analysis of electronic data from 131 general practices in the UK was performed
using the DIN-LINK database for the period 1994-2003."® Read codes were used 1o
identify patients with atrial fibrillation. All ages prevalence of atrial fibrillation increased
steadily over time (0.84% in men in 1994 compared to 1.49% in 2003, compared with
0.83% and 1.29% in women). Prevalence rose steadily with increasing age (13.2% in men
and 11.0% in women >85 years). The prevalence of atrial fibrillation in 211 general
practices in FEngland and Wales between 1994 and 1998 was cxamined using the General
Practice Research Database.”™ Atrial fibrillation was identified by a clinical diagnosis on
the practice computer system. The prevalence of atrial fibrillation in all ages in 1998 was
1.21% in men and 1.27% in women and again increascd dramatically with age o 10.6% in
men and 10.9% in women over 85 years old. Unlike other studics the prevalence of atrial
fibrillation was similar in men and women. The prevalence of atrial fibrillation increased
by 22% in men and 14% in women between 1994 and 1998. In another UK primary care

study 4843 older patients, registered with 26 general practices in Northumberland, UK had
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electrocardiographic screening for atrial fibrillation.”™ The prevalence of atial fibrillation

was 10.0% in men and 5.6% in women = 75 ycars.

In the Netherlands all patients over 60 years atiending 10 GP practices were screened for
the PATAFT (primary prevention of arterial thromboembaolism in patients with atrial
fibrillation) study.'® Patients with atvial fibriflation were identified by an irrcgular pulse
on examination followed by an ECG. Medical records were also searched for patients with
atrial fibrillation. The prevalence of atrial fibrillation in those 60 years and over was 5.1%
and in those 80 ycars and over was 10.0%. The prevalence was higher in men than in

women in all ages.

In a study from the US the prevalence of atrial fibrillation was 0.95% in an adult cohort
over 19 years and 9% in those >80 years who received care within Kaiser Permanente of
Northern California, a large group-model health maintenance «‘Jl"g;gmlissltiorl.'63 As with most
other studies the prevalence of atrial fibrillation was greater in men than in women. To
identily palients with atrial fibrillation, as well as scarching a clinical database containing
all ambulatory visits, they also searched an electrocardiographic and hospital discharge

diagnosis database.

The prevalence of atrial fibrillation has also been reported in a number of large

16 T . .
]Eluropcanl(’4 18 ang Us ' population based cohort studies.

In the Renfrew Paisley study'®” 15406 men and women aged 45-64 years, living in tlwo
industrialised towns in the wesL of Scolland, were screcned between 1972 and 1976, The
prevalence of atrial fibrillation was 0.75% in men and (.56% in women. In the Reykjavik
study'®®, 0.27% of a randomly selected populatiun of 9,067 Icelandic individuals aged 32-
04 vears and screened between 1967 and 1970 had chronic atrial fibrillation. This lower
prevalence is partially explained by the eartlier era studied and the vounger age group of
patients included. Three more recent Buropean studies have also reported on the

prevalence of atrial fibrillation, '

168 1) the Copenhagen City Heart Study the prevalence
of atrial fibrillation diagnosed from electrocardiograms was determined in 8,606 patients
examined in 1976-1978, in 8,943 patients examined in 1981 to 1983 and in 6,733 snbjects
examined in 1991-1994 aged 50-89 years.'® The age-standardised prevalence ol atrial
[ibrillation was 3.3% in men and 1.1% in women in [991-1994. Looking at secular
changes in prevalence over time the prevalence of atrial fibrillation more than doubled in
men from the 1970s to the 1990s but remained unchanged in women, A similar prevalence
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in men of 3.3% and a higher prevalence (o women of 2.7% were reported in the Rotterdam
Study of 6,584 individuals’ aged =55 years which also used an electrocardiographic
diagnosis of atrial fibrillation. 16 113 both these studies a diagnosis of alrial librillation was
made on a single ECG recording and therefore may underestimate the prescnce off
paroxysmal atrial fibrillation. In the Multifactor Primary Prevention Study the prevalence
of atrial fibrillation in a random sample of 7,495 men from Géteborg in the age groups 55-
64, 65-74 and 75-79 years was 1.2, 4.2 and 8.0% respectiw.:ly.!64 These men werce first
examined in 1970-73 and followed for a mcan of 25.2 years. A diagnosis of atrial
fibrillation was based on a hospital diagnosis of atrial fibrillation, which differs from other

studies reporied here.

A higher prevalence of atrial [ibrillation has been reported in three US longitudinal

population based studies.'® """

Dilferences in prevalence could be related to the
dilferences in study criteria including inclusion of younger paticnts in some of the
Buropean studics, methods of ascertainment, and techniques of age adjustment for the
estimation of prevalence and geographical variations. In the Cardiovascular Fealth Study
atrial [ibrillation was identified in a sample of 5,201 men and women aged =65 years by
ECG and self-repart of a physician diagnosis. The prevalence was 6.2% in men and 4.8%

45

in women increasing to 8.0% in men and 6.7% in women over 79 years.'® In the
Framingham Study the prevalence of atrial fibrillation was 9.1% in mcn and 4.7% in
women aged 65-84 years.'”° Alrial fibrillation was detcrmined by biennial clinical
examinations and clectrocardiograms, and interim hospitalisations, Age adjusted
prevalence increased in men hul not women in the Framingham study. In the Rochester
Epidemiology Project the prevalence of atrial fibrillation increased significantly in
ischaemic stroke paticnts and their controls from 1960 to 1989 in Rochester, Minnesota,
independent of age and gender. '”' The rate of increase did not ditfer significantly between
men and women. In this study age was a polent risk factor for the development of atrial

fibrillation: each decade of age was associated with a doubling of the odds of atrial

fibrillation.

‘The prevalence of atrial fibrillation is higher in patients with clinical cardiovascular

169:172;

. 73 I . - . . . .
disease. " In addition cardiovascular risk factors arc independent predictors of atrial

- A N ¥ 102017

fibrillation, "%/

The increase in prevalence of atrial fibrillation with advancing age coupled with the
steadily increasing numbers of persons reaching very old age, most certainly contributes 1o
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the growing cpidemic of atrial fibrillation. Hypertension, coronary artery disease, diabetes

mellitus and heart failure arc among the age-related co-morbid conditions that are likely to

play a central role in the propagation of the atvial fibrillation epidemic i.e. a significant
proportion of the clderly population have survived these conditions which in themselves

are risk factors for the development of atrial [ibrillation.

In summary the prevalence of atrial fibrillation is approximatcly 1.3% increasing
dramatically with age to approximately 10% in those over 8 years. The prevalence in
most studies 1s higher in men than in women however the overall number of female
patients with atrial fibrillation exceeds the number of men with this condition because of
greater longevity in women compared with men'” . The prevalence of atrial fibrillation is

increasing rapidly in industrialised nations.
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1.4.2 Incidence of atrial fibrillation

In studies examining the incidence of atrial fibrillation there are differences in case
ascertainment. (Table 19) Several studies have examined the incidence of a first

hospitalisation for atrial fibrillation. '**'*"17 This may potentially underestimate the
incidence of atrial fibrillation as a diagnosis of atrial fibrillation can be made in primary

care and often does not require hospitalisalion,

In a study from Denmark using routine data 131,728 subjects with an incident hospital
diagnosis {cither inpaticnt or outpatient) of atrial fibrillation or flutter were identified
between 1980 and 1999."” The incidence of atrial fibrillation was 4.38 per 1000 in
individuals aged 40-89 years in 1999, 'The number of subjects with a diagnosis of alrial
fibrillation more than doubled during the study period in both men and women. Another
study using hospitalisations for atrial fibrillation to idenlify incident atrial fibrillation cases
was the Multifactor Primary Prevention Study. During the 27 years of follow-up the
incidence of atrial fibrillation in men was 2.0, 5.8 and 17.3 per 1,000 person years in the
age groups 55-64, 65-74 and 75-79 years respectively.'® In (he Renfrew-Paisley study
subjects aged 45-64 years were screencd initially between 1972 and 1976 and again
between 1977 and 1979."" During the 20 year follow up, the ratc of incident
hospitalisation for atrial fibrillation was 1.9 per 1,000 person years. The four-year
incidence of atrial fibrillation between the first and second screening was also reported and

this was 0.54 per 1,000 person years.

In a study of all adult residents in Olmsted County, Minnesota between 1980 and 2000,
atrial fibrillation was identificd from medical records.'® The age and sex adjusted
incidence of atrial fibrillation was 3.4 per 1,000. There was a relative increase of 12.6% in

the age adjusled incidence of atrial fibrillation over 21 years,

The Genceral Practice Rescarch Database and the SAFE trial used a general practitioner
diagnosis of atrial fibrillation,'*" '™ I the SAFT trial the incidence of atrial fibrillation in
patients over 65 years in the control group was 1.04%, and was higher in women (1.18%)

than in men (0.85%)."' This is higher than the incidence of chronic atrial fibrillation in the
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General Practice Research Database which was 1.7 per 1000 person-years in patients 40-89
years.'®' The incidence increased markedly wilh age {rom 0.05 per 1,000 amony paticnts
40-49 years to 8.6 per 1,000 in paticnts aged 80-89 years. The incidence was lower in

women especially in younger age:

The incidence of atrial fibrillation has also been reported in several longitudinal population
studies. The Drarmingham Study, used electrocardiograuns [rom biennial visits, hospital

82 Phe

records and outside physician records 1o identify patients with atrial {ibrillation.
incidence of atrial fibrillation was 3.1 per 1000 person years in men and 1.9 in women
aged 55-64 years and the incidence increased with age to 38.0 per 1000 person years in
men and 31.4 in women aged 85-94 years. Men were 1.5 times more likely to develop
atrial [ibrillation than women even alter adjusting for other risk. factors Jor alrial
fibrillation. The Manitoba Follow-Up Study in Canada examined 3,983 male air crew
recruits with an average age of 31 years in 1948 and followed them for 44 ycars.]72 Adlrial
fibrillation was identified on electrocardiograms performed at periodic medical
examinations or if the subject reported conlact with a physician. In the Manitoba IFollow-
Up Study in Canada the incidence of atrial fibrillation was 2 per 1,000 patient years. The
ncidence of atrial fibrillation increased with age [rom less than 0.5 per 1,000 person years
before age 50 to 2.3 per 1,000 person-years by age 60, and rose further to 16.9 per 1,000

< L72;182:183
person-years hy age 85. :

In the Cardiovascular Health Study atrial fibrillation was
identified {rom three sources, annual electrocardiography, sell reported atrial fibrillation
and hospital discharge diagnosis.'™ The incidence of atrial fibrillation was 26.4 per 1,000
in men and 14.1 per 1,000 in women 65 years and over. Paroxysmal as well as chronic
atrial fibrillation was included. The incidence of atrial fibrillation in the Cardiovascular
Iealth Study is much higher than other studies. Including self-reported episodes of atrial
[ibrillation and conducting cleclrocardiographs yearly may partly cxplain the differences.
In addition the other US studies covered an earlier time period and the incidence and the
importance of recognition of atrial fibrillation has increased over time. The low incidence
of atrial fibrillation in the Manitoba Follow-Up Study is partly explained by a sclection

bias of young healthy fit recruits.
In summary the incidence of atrial fibrillation varies from 1.7-20 per 1,000 person years

and as with prevalence is higher in men than in women and increases dramatically with

age.
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1.4.3 Atrial fibrillation morbidity

1.4.3.1 Stroke

Many studies have shown (hat atrial {ibrillation 18 an independent predietor of stroke.
('[able 20) The relative risk for stroke was 6.9 (3.0, 13.5) in the Whitehall Study and 2.3
(0.1, 12.7) in the British Regional Heart Study in individuals with atrial fibrillation.'®* In
the Renfrew-Paisley study women with atrial fibrillation had a higher risk of stroke than
men.'® Other studies bave also shown that women with atrial fibrillation may be more
likely than men to have a strake. %1% 15 4 study of all hospitalisations with atrial
fibrillation in Scotland, the total number of strokes associated with atrial fibrillatdon

increased between 1986 and 1996.'%

In the Reykjavik Study fatal or non-fatal stroke occurred in 24% of patients with atrial
fibridlation at the end of the 14-year follow up period compared to 4.3% of controls
(P<0.05, RR 7.1)."%® The relative risk of Fatal stroke was 12.3 (p<0.05). Atrial fibrillation
was also a strong predictor of stroke in men in the Multifaclor Primary Prevention
Stl.ldy.'(’“i;183 However in a more recent analysis exiending follow-up through 28 years,
alrial fibrillation was no longer a significant predictar of stroke after 21 years of follow-

(]
up'®.

In the Framingham study atrial fibrillation was a major independent risk factor for embolic
stroke or transient ischaemic attack and was associated with a 4-3 fold increased risk
compared 1o the unalTected population.'” The attributable risk associated with atrial
fibrillation increased with age, in contrast to many stroke risk factors where the atiributable
risk of stroke decreases with age. Thus older patients are not only more prone to atrial
fibrillation but their risk of stroke is considerably increased when compared with younger

1 Atrial fibrillation was also a risk Tactor for stroke in the

patients with atrial fibrillation.
Rochester Epidemiology [’1‘0je<:t192 and in men in the Manitoba Follow-Up Studym. It was
significantly associated with stroke in individuals over 65 years in the Cardiovascular

Heallh Study'®,

In the Western Australia study'’’ the adjusted risk of fatal stroke (HR 3.8) was increased in
individuals aged > 60 years with atrial fibrillation. In the Dubbo Study of the Elderly'®?, a
cohort of 2805 Australian men and women aged >60 years were first examined in 1988
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and followed for 8 years. 306 men and women manifested an ischaemic stroke and atrial

fibrillation was a significant independent predictor of stroke increasing the risk by 58%.

1.4.3.2 Heart Failure

Atrial fibrillation was an independent predictor of heart failure in women and men in the
Renlrew-Paisley study.185 In the Reykjavik Study 36% of patients with atrial fibrillation
and 2.1% of controls had heart failure at the end of the study period (P<0.001, RR 24.7').iGS
In the Multifactor Primary Prevention Study heart failure was also more common in those
who had atrial fibrillation compared with those without. In this study heart failure
hospitalisations prior to, during and after the hospitalisation for atrial fibrillation were
included in the analysis.'® In the Maniloba Follow-Up Study'™ men with atrial fibrillation

had a 2.98 times risk of heart failure.

1.4.3.3 Mpyocardial infarction

Ischaeinic hearl disease often precedes atrial {ibrillation and is an independenlt prediclor for

185, the Manitoba follow-up studym, and the

developing AF. In the Renfrew-Paisley study
Reykjavik Study 15 the risk of myocardial infarction was not increased following a
diagnosis of atrial fibrillation. In the Multifactor Primary Prevention Study'®* paticnts with
a hospitalisation for atrial fibrillation had an increased risk of hospitalisation for
myocardial infarction however this included myocardial infarctions prior to, during and

alter the hospitalisation [or atrial fibrillation.

1.4.3.4 Hospitalisations {or atrial fibrillation

Atrial fibrillation is a common cause of hospitalisation’® and rates of hospitalisations for
atrial fibrillation are increasing.'”™'**'*> %7 Between 1986 and 1995 the numbers of
patients admitied to hospital in Scotland with a principal diagnosis of atrial fibrillation for
the first time increased by 125% in men and 105% in women."®® Average length of stay
fel]l during this period but because of the overall increase in hospitalisations, atrial
fibrillation contributed to a growing proportion of cardiovascular-related bed-days utilised
(Ffrom 18% to 37% with atrial fibrillation coded in any diagnostic position).}96 Similarly in
Denmark between 1980- 1993 hospitalisation rates for atrial fibrillation increased.'® In the
US, using data from the National Hospital Discharge Survey, hospitalisations for alrial
fibrillation increased 2-3 fold between 1982 and 1993.""7
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1.4.3.5 Cost of atrial tibrillation

In the UK in 2000, the cost of atrial librillation was 459 million which was equivalent to
1% of total NHS expenditure.'*® Hospitalisations for atrial fibrillalion are a major

determinant of the cost.

1.4.3.6 Summary

Alrial fibrillalion is an extremely costly public hiealth problem. It is an independent risk
factor for stroke and heart failure. It is one of the most common causes of hospitalisation

and hospitalisation rates for atrial fibrillation are increasing.
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1.4.4 Atrial fibrillation mortality

1.4.4.1 Risk of death in paticnts with atrial fibrillation

The prognosis of individuals with atrial fibrillation has been examined in lwo distinct
groups of individuals. (Table 21} Firstly. in cohort studies, atrial fibrillation was identified
at screening and individuals were [ollowed prospectively for mortality

168:172;177:184; 185,109

outcomes. Secondly, in several studies the prognosis of patients following

an incident hospitalisalion or outpatient encounter [or atrial [ibrillalion was

- 164;173;179;186,195
examined.'® J

The mortality rate of subjects aged 55-94 years who developed atrial fibrillation during 40

year follow-up of the Framingham Heart Study'®’

cohort was approximately twice that of
age and scx matched confrols. After adjustment for cardiovascolar risk factors and pre-
existing cardiovascular disease atrial fibriliation was still associated with a significant
increased risk of death in men (OR 1.5, 95% C1 1.2, 1.8) and in wamen (1.9 (1.5, 2.2)). In
the Manitoba Foltow-1Ip Study'”* awrial fibriilation increased the total mortality rate 1.3
times after multivariable adjustment. Cardiovascular mortality including and excluding

fatal stroke was also increased (adjusted RR 1.41 and 1.37, respectively).

The Whitehall Study'* was a prospective cohort study of 19,063 male civil servants, aged
40-69 years, who were screened hetween 1967 and 1969 and followed for 18 years. There
was a 2.6 times increased risk of death in the 63 patients with atrial fibrillation compared
to those without atrial fibrillation, In a population study from Western Australia'”’ the
adjusted visk ol all-cause death (IR 1.9) and cardiovascular death excluding stroke (HR
1.8) were increased in individuals aged > 00 years with atrial fibrillation. In the Revkjavik
Stuc'!y](’8 individuals with atrial fibrillation had an increased risk of cardiac death (RR 6.1,
p<0.05) and whilst there was an increase in all-cause mortality (32% in the atrial
fibrillation group compared with 20% in thc control group during 14 year follow-up),
unlike other studies this was not statistically significant. Atrial fibrillation was also an
independent predictor of all-cause mortality (men RR 1.5, 95% CI1 1.2, 2.2; women 2.2
(1.5, 3.2)) and cardiovascular morlality {men [.8 (1.3, 2.8); women 2.8 (1.9, 4.2)) in the
Renfrew-Paisley study.'® Both heart failure and stroke contributed 1o this excess mortality,

In the Multifactor Primary Prevention Study (Géleborg Study)'("1

of the group of 754 men
hospitalised with atrial fibrillation during the 27 year follow-up period mortality was
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increased by 3.3 times. Amongs( men wilh atrial fibrillation at first screening (n=37)
mwortality during [ollow-up was 79% comparcd to 44.3% in men without atrial fibrillation

(OR 4.71, 95% CI 2.16, 10.28).

In a more contemporary population study using the Marshfield Epidemiologic Study Area

database'”

, 577 patients with a first cpisode of atrial fibrillation or flutter were identified
between 1991 and 1995, They were followed prospectively until 1998, Compared with
controls, mortality among patients with atrial fibrillation or flutter was nearly 7.8-fold
higher at 6 months and 2.5 fold higher at the end of the follow-up period after adjusting for

other risk factors.

200-202 203-200

Within subsets of patients with heart failure , acute myocardial infarction ar

207-209

dcute stroke , alxial fibrillation has been found to increase mortalily in some

,201:204-206,209

200;202;205;207:208 bul not in others

studies

1.4.4.2 Secular trends in mortality

Trends in the risk of death following a hospitalisation with afrial fibrillation between 1980
and 1999 were examined using the Danish National Hospital Discharge data.'” There was
a 20% reduction in the adjusted risk of death in men and an 18% rcduction in women
during the last five-year period compared to the first five-ycar period. There is no mention
in this study as to whether different durations of follow-up were taken into account.

In Scotland, the risk of short term (30-day) and medium terin (31 days-2 years) case
fatalily in palients hospitalised with atrial fibrillation hetween 1986 and 1995 was
examined.' ™ Afler adjusting for age, sex, deprivation and co-morbidities the risk of short-
term case-latality in 1995 significantly declined by 21% in men and 24% in women in
comparison Lo 1986. The medium term casc-fatality also declined significantly in men by
30% and in women by 20% over this period.

Despite the proven efficacy and more widespread use ol anticoagulation beth of (hese
studies still demonstrate an excess mortality associated with atrial fibritlation in recent

ycars,

1.4.4.3 Sex and age differences in mortality

The risk of death in individuals with atrial fibrillation varied by sex in the Framingham

Study, although this finding was not significant (OR 1.2, 95% CI 0.98, 1.49) for men
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versus women with atrial fibrillation.'”® The risk ot death was greater in men compared to
women without a diagnosis of atrial fibrillation (1.69 (1.4, 1.7)) and 1t appears therefore
that the presence ol atrial fibrillation attenuates the survival advantage of women. There
was no evidence of an age sex interaction in individuals with atrial fibrillation.

In the Danish study the elevated mortality risk associated with atrial fibrillation diminished
with age.'*® Persons aged 50-59 years had a 4 fold increased risk of death from any cause
and a 6-8 fold increascd risk of cardiovascular death compared to the Danish population.
This i3 in comparison 1o persons aged 80-89 years with atrial fibrillation having a 2-3 fold
increased risk of death and a 3-4 [old risk of cardiovascular deatl: compared (o the general
population. In conirast in the Scottish hospitalisation data the adjusted risk of death in the

. . iy - . 186
short and medium term increased with increasing age.'®

1.4.4.4 Mortality in lone atrial fibrillation

Atrial fibrillation in the abscnce of structural heart disease is lexmed lone atrial fibrillation.
In the Renflrew-Paisley study, lone atrial fibrillation conferred a non-significant 1.8 fold
(95% C10.9, 3.8) increased risk of death.'® In the Marshficld Epidemiologic Study Area
patients with lone atrial fibrillation had a mortality twice that of controls (p=0.06).'"
Likewise in the Framingham Study lone atrial fibrillation was associated with & doubling

in mortality (multivariate OR 2.4, 95%CI 1.8, 3.3 in men and 2.2 (1.6, 3.1} in women).'?®

1.4.4.5 Summary

A number of studies have confirmed that atrial fibrillation is an independent predictor of
mortality. There is a temporal trend towards a reduction in the risk of death associated
with atrial fibrillation in recent years. However, the excess mortality associated with atrial
fibrillation demonstrated in more recent studies emphasises the need for improved
prevention of atrial fibrillation and improved therapeutic modalitics for treating and curing

atrial tibrillation.
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1.5 Obesity and cardiovascular outcomes

The World Health Organisation defines overweight as a body mass index (BMI) of 25 (o
29.9kg/m”, abesity as a BMI > 30 kg/m* and morbid obesity as a BMT > 40 kg/m®. BMI is

calculated as the weight in kilograms divided by the square of the height in mefres.

1.5.1 Prevalence of obesity

The prevalence of obesity has reached unprecedented proportions.210 Nearly one third of
Americans are obese.” 12 11 is estimated that there are up (o 200 million obese citizens in
the recently expanded Huropean Union. The obesity epidemic is also afflicting developing
countries. “ There is appropriate concern that this alarming trend will have major public
health consequences globally, with evidence linking obesity to an increased risk of more

than 30 medical conditions.?'°

According Lo the last Scottish Health Survey in 2003, 65.4% of Scottish men and 59.7% of
Scottish women were classified as either overweight or obese.”’> Men were more likely
than women (o be overweight (43.0% versus 33.8%). However, women wcre more likely
than men to be obese (26% versus 22.4%) or morbidly obese (3.4% versus 1.6%). There
has been a steady upward trend in mean BMI since 1995 in men and women (men; 26.0 in
1995, 26.4 in 1998, 26.9 in 2003 and women; 25.7 in 19953, 26.3 in 1998, 26.9 in 2003),
The proportion of individuals who are classified as overweight or obese has risen from
55.6% in 1995 10 64% in 2003 in men and 47.2% in 1995 to 57.3% in 2003 in women and

the proportion morbidly obese tripled during this time period.

The increased prevalence of obesity is thought to result from a decline in physical activity
and rising fal intake.?'” People now have increasingly sedentary life styles and consume
high fat, energy dense diets. There is also a genetic or other biological predisposition to
gain weight more readily when exposed to an unfavourable environment.”* Behavioural

aspects may also play arole.
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Obesity should be regarded as today’s largely neglected health problem with projections
for the next decade that are so scrious that public health action is urgently required. Merely
concentrating on children and adults who are obese and have associated health probfems is
not sufficient. What is required are preventative public health strategies, which affect the
entire socicty including dictary change (such as casy access o cheap healthy food,
provision of healthy food to children in schools and health education). alterations in
physical activity (such as physical activity programs in schools) and behaviour

g e 215
modification.

1.5.2 Cardiovascular morbidity associated with obesity

Obesity is associated with a broad range of metabolic and mechanical disorders including
sleep apnoea, respiratory problems, ostcoarthritis, gastrointestinal and gallbladder disease,
and cancers such as endometrial, breast, prostate and colon cancer. 2"’ For the purpose of
this literature review I will focus on the cardiovascular risk fuctors and cardiovascular

discases associated with obesity.

1.5.2.1 Cardiovascular risk factors

The importance of abesity alone in predicting adverse cardiovascular outcomes has been a
subject of debate because obesily influences the development of other established
cardiovascular risk factors. Obesity has an adverse effect on several corcnary risk factors

2106;218;221:222 223

216-220 LN M
and dyslipidagmia™”,

including hypertension , type 1 diabetes inellitus
Risk estimates from population studies suggest that =75% of hypertension can be dircetly

attributed to obesity.”*

The relationship between body mass index and cardiovascular discase risk factors was
examined prospectively in the Framingham Heart Study?'® parlicipants aged 35 to 75
years, who were followed for 44 years. Relative to normal weight men, obese men had a
multivariable adjusted relative risk of 2.23 for hypertension and 1.85 [or diabetes (in
women 2.63 and 1.36 respectively). During follow-up, overweight participants (but not
those who were obese) experienced an increased risk for new hypercholesterolaemia. In
the Framingham Offspring Study223 , obesity was significantly and lincarly associated wilh
low-density lipoprotein cholesterol levels. In NHANES III the risk of developing diabetes
and hypertension increases dramatically with increasing BMI in men and women.”> While
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men and women with BMI>25 kg/im? were more likely than persons of normal wei ght to
have high cholesterol levels, the prevalence of high cholesterol did not increase with
increasing weight category. BMI was also positively associated with systolic and diastolic
blood pressure in 4780 men and women [rom nine North American populations who
participated in the Lipid Research Clinic Prevention Study.™ Tn another relatively large
US sLLLL‘I3’227, of 880 men and 1114 women who were aged 50 years and older when
examined in 1984-1987, those who gained 10 pounds or more between ages 40 and 60
years had an increased risk for developing diabetes, The relative risk for diabetes was 1.4
for cvery 17% to 31% increase in body weight after age 18 years. In an earlier cross-
sectional study in the US, more than one million people were screcned for hypertension as
part of the Community Hypertension Evaluation Clinic.”® The overweight group had a
prevalence of hyperiension which was 50% (o 300% (in different age groups) higher than
other participants. The relationship between obesity, fat and the risk of non-ipsulin-
dependent diabetes mellitus was examined in the cohort of 51,529 U.S. male health

professionals aged 40-75 years of age in 1986.%%

During the five year follow-up here was a
strong positive association belween overall BMI and the risk of diabetes. Men with a BMI
of =35 kg/n"n2 had a multivariate RR of 42.1 (95% CI 22.0, 80.6) compared with men with 4

BMI < 23.0 kg/m”.

Two other American studies examined the association between obesily and cardiovascular

risk factors in women, The Iowa Women's Health Study®'®

wads a prospective cohort study
of 31,702 Jowa women, aged 55 to 69 years. Body mass index was independently
associated with scll reporied diabetes (age-adjusted relative risk 13.8) and hypertension
(age-adjusted relative risk 2.2). In the Nurses Health Study*® the relationshi p between
obesity and diabctes was cxamined in a cohort of 114824 female nurses aged 30-53 years
who were mitially screcned in 1976 in the US, Alter adjusting for age, BMI was a strong
predictor of the risk of developing diabetes during the 14 year [ollow-up. Women with a
BMIof 31 kg/m?2 or greater had an age-adjusted relative risk of 40 or more compared to
womncn with a BMI of less than 22 kg/m2.

Two Swedish studies examined (he relationship between obesity and risk of diabetes. ¥
ln a 12 year longitudinal study of women in Géteborg, BMI, sum ol (wo skinfolds and
wais(-Lo-hip cireuinference ratio, were significantly associated with an increasing incidence
of diabetes even after multivariable adjustement.™ In the study of Men Born in 1913, 792
54 year old men who were resident in Géleborg, Sweden, were followed for 13.5 years for

the development of diabetes.”' Even when the confounding effect of body mass index, as a
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measure of the tolal body [at mass, was accounted for, the waist-to-hip ratio was positively

and significantly associated with the risk for diabeles.

In the INTERSALT study®", the relationship between body mass index and blood pressure
was studied in 10,079 men and women aged 20-59, sampled from 52 centres around the
world. Overall, a 10 kg higher body weight was associated on average with a 3.0 mmHg
increase in systolic and a 2.2 mmHg increase in diastolic pressure. The relationship
between obesity as measured by the ponderal index (height in inches / weight in 1b*?) and
blood pressure was measured in 637 wen and 835 women who attended the Glasgow
Blood Pressure Clinic with untreated hypertension. There was aun association between
obesity and blood pressure only in non-smoking men. The associations of obesity with
blood pressure were studied 1 5,550 male and female subjects aged 25 (o 64 years,
surveyed in the National Heart Foundation of Australia 1980 Risk Factor Prevalence
Study.?? BMT was significantly and independently associated with blood pressure levels in

both sexes. 30% of hypertension in the study population could be attributed to overweight,

1.5.2.2 Metabolic syndrome

It is now recognized hat overweight and obese persons without diabetes, particularly those
with abdominal obesity often have a cluster of clinical and metabolic findings that is
termed the metabolic syndrome.™ This syndrome is characterised by insulin resistance
and a particularly atherogenic dyslipidaemia (high levels of low-density lipoprotein
cholesterol, very-low-density lipoprotein cholesterol, and triglyecrides and low levels off
high-densily lipoprotein cholesterol) but it is also associated with elevated C-reactive
protein levels, increased propensity to thrombosis and activation of the sympathetic
nervous systen. 'The metabolic syndrome is a major risk factor for cardiovascular

events.>

1.5.2.3 Coronary heart disease and acute myecardial infarction

One of the first medical consequences of obesity to be recognised was coronary heart

. 224;235-237
discase, =

In response to the emerging body of scientific, medical and behavioural
data about the link between excess adiposity and coronary heart disease the American
Hearl Association has reclassified obesity is @ major madifiable risk factor for coronary

heart disease.m
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Obesity 1s associaled with hypertension, hypercholesterolaemia and hyperglycaemia which
accelerate atherogenesis. However, obesity has also been shown to be an independent risk
factor for coronary heart disease. In the Framingham Studym', obesity on initial
exantination in persons aged 28-62 years, as measuied by Metropolitan Relative Weight
(the percentage of desirable weight), was a significant indepcadent predictor of 26-year
incidence ol coronary disease. In a more recent analysis of the Framingham cohort*'®,
participants aged 35-75 years were followed for 44 years for the development of coronary
heart disease. Obesity was defined as a body mass index = 30. After adjusting for age,
smoking, hyperlension, cholesterol and diabetes, the relative risk for angina was increased
among those who were obese (men 1.8, 95% CI 1.3, 2.6; women 1.0 (1.2, 2.3)) relative to
normal weight individuals. Whilst the age-adjusted relative risk For myocardial infarction
was increased in obese women, there was no greater risk in obese men or women in the

multivariable model (men 1.2 (0.8, 1.7); women 1.5 (0.9, 2.3)).

The Nurses’ Health Study® cohort of 115,818 women aged 30-55, all withoul
cardiovascular disease at study inception, was followed for 14 years. In a mullivariable
analysis (not contrelling for diabetes, hypertension and hypercholesterolaemia) comparing
women with a body mass index of >29kg/m? to those with a body mass index of <21kg/m?
the relative risk was 2.90 for coronary heart disease, 3.15 for non fatal myocardial
infarction and 2.73 for fatal coronary heart disecase.

239

In the Manitoba Study™, of a cohort of 3,983 men with a mean age of 31 at cntry, body
mass index significantly predicted myocardial infacction and coronary heart discasc duting

a 20 year [ollow-up, aller adjusting [or age and blood pressure.

In the Study of Men Born in 1913*" a cohort of 792 men aged 54 years were screened in
1967. There was no corrclation between BMI and ischaenic heart disease during the 13

year follow up period.

1.5.2.4 Heart failure

There has been debate as to whether obesity is an independent predictor of heart failure or

whether the risk is mediated through other physiological and mctabolic abnormalities.

In the Framingham study®*' 5881 participants were followed up for 14 years. 496 subjects

(258 women and 238 men) developed heart [ailure. The hazard ratio for obesity relative to
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normal weight was 2,12 (1.51, 2.97) for women and 1.90 (1.30, 2.79) for men. There was
an increase in the risk of heart failure of 5% in men and 7% in women [or each increment
of 1 unit in body mass index. Models were adjusted for age, alcohol consumption,
cholesterol, smoking, valve disease, hypertension, diabeles, electrocardiographic evidence
of left ventricular hypertrophy and myocardial infarction, Tn NITANTS ** 1382 heart
failure cases were documented during a follow-up of 19 years (13,643 individuals screened
between 1971-1975) from medical records and death certificates. The relative risk of heart
failure for overweight (BMI>27.8 kg.fml in men and =27.3 kg/mg in women) was 1.24
(1.01, 1.51) for men and 1.43 (1.19, 1.72) for women after adjusting for age, race and
coranary heart disease and 1.23 (1.00, 1.52) in muen and 1.34 (1.10, 1.64) in women aller
adjusting for age, race, high school education, smoking, alcohol, physical activity,
hyperlension, cholesterol, diabetes, valvular heart disease and coronary heart disease. In
the New Haven, Connecticut cobort of the Lstablished Population for Epidemiologic
Studies of the Elderly program®* 1749 subjects aged 65 years and over were evaluated in
1982 and 173 subjects developed ncident heart failure (determined by chart review) during
13,811 person-years of follow up. The hazard ratio for a BMI > 28 kgfm:Z compared with
<24 lqg,/'m2 was 1.6 (1.0, 2.1) after adjusting for age, sex, diabetes, pulse pressure. In the
Multifactor Primary Prevention Study ((_“r(‘jte,lfnorg)144 7195 men were examined at baseline
in 1970-73 and followed for 27 years. During this time 937 men were hospitalised for heart
failure. The relative risk for a BMI »27 kg/m” compared to a BMI £23.99 kg/m?* was 1.50
(1.26, 1.78) in a hivariable analysis. Body weight was also related to incident heart failure
3413

in 973 Swedish men born in 1913."7 With the exception of the Framingham study these

studies do not use conventional definitions of obcesity.

There are a number of possible mechanisms given in these studies for the association
belween obesily and heart failure. Obesity is a recognised risk {actor for coronary artery
discasc and coronary risk [actors such as hypertension, hyperglycaemia, and
hyperlipidaemia, which increase the risk of myocardial infarction and therefore heart
fatlure. Elevated body mass index is also associated with altered left ventricular
remodelling possibly duc to inercased hacmodynamic load (i.e. increasing cardiac output
and intravascular volume, thereby causing elevated left ventricular filling pressure and
end-diastolic volume leading to subsequent cardiac dilation and left ventricular
bypertrophy thereby increasing the risk for developing heart failure), increased oxidative

stress and neurohumoral activation. There is alsa the possibility of a direct effect of
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obesity on the myocardium - cardiac steatosis and lipoapoptosis was recently demonstrated

. . : 244
in an animal model of obesity.

1.5.2.5 Stroke

Therc have been conllicting results on the effect of obesity on stroke with some studics

237,245-250) 240;251-254

showing a positive association and others showing no association

The risk ol stroke related (o obesity has been shown to be dilferent in men and

7045
women, > 2%

In the Physicians” Health Study of 21,414 male physicians, the adjusted relative risk for
stroke (not including hypertension, diabetes and cholesterol) was 2.00 (1.48, 2.71) in
participants with BM1 =30 kgan® compared to those with BMI <23 kg/m?.**® They also
evaluated BMT as a continnous variable and fonnd that each unit increase in BMT was
associated with a 6% increased risk of stroke and this reduced 10 4% when diabetes,
cholesterol and hypertension were included in the model. In the ITonolulu {Ieart
Prog_ram246 1663 non-smoking Japanese-American men (55-68 years) (screened 1965-68)
with no hypertension, diabeies or left ventricular hypertrophy were followed for 22 years.
The risk of stroke after adjusting for age and other risk factors (including systolic BP,
glucosc and cholesterol) for the average body mass index in the top tertile (26.6 kg/m?)
compared with that in the bottom tertile (20.3 kg/mz) was 2.1 (1.1, 4.1). In a prospective
population study a total of 234,863 Korean men aged 40-64 years were screened in 1986
and followed up between 1991 and 2000 for fatal and nonfatal stroke events. 2 The
hazard ratio after adjusting for age, alcohol, smoking, exercise and monthly salary level tor
a BMI =30 kg/m” relative to a BM1 22-23.9 kg/m” was 1.7 (1.4, 2.3) for all stroke, 1.4 (0.9,
2.0) {or ischaemic stroke and 2.6 (1.7, 4.0) for haemorrhagic stroke. After full adjustment
for confoundcrs and variables potentially on causal pathway {i.e. blood pressure, glucose
and cholesterol) the association between hody mass index and stroke subtype was
attenuated {1.2(1.0, 1.6) for all stroke, 1.0 (0.6, 1.4) [or ischaemic stroke and 1.8 (1.1, 2.7)

for haemorrhagic stroke). In the Whitehall Study250

in 17,753 male civil servants, aged 40
to 64 years, there was a two fold increased risk of death from stroke among men with BMI
>24 kg/m* compared with those with BMI<24 kg/’m’j'. In (he Nurses’ Health Study®*’
116759 women screened in 1976 aged 30-55 years. During 16 years of follow-up for
women with increased BMI (232 kg/mz) the relative risk of ischacmic stroke was 2.37

(1.60, 3.50) as compared with those with a BMI <21 kg/m? after adjusting for age,
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smoking, postmenopausal hormone use, and menopausal status. The equivalent RR for

haemorrhagic stroke was 0.73 (0.42, 1.20) and for total stroke was 1.59 (1.22, 2.08).

Dey et al** looked at risk factors far stroke in 2,287 individuals aged 70 years old and
examined between 1971-1981 in Sweden. Tn men the relative risk for siroke in the highest
BMI quartile (>28) was 1.68 (1.12, 2.53) alter adjusting for smoking, CIID, diabeles,
cholesterol and SBP. There was no significant association between BMI and risk of stroke
in women, In contrast in the Framingham s.Ludy237 Metropolitan Relative Weight
(percentage of desired weight) was positively and independenily associated with stroke in

women but not in men.

In a study of 28,643 US male health professicnals, abdominal obesily, but not elevated
body mass index {age adjusted relative risk 1.29 (0.73, 2.27)), predicted risk of stroke in
men.> In the Study of Men Born in 1913%%°, 789 men aged 54 at baseline were followed
for 18.5 years for the development of stroke. Tncreased waist circumlerence, bul not body
mass index, was independentty associated with the risk of stroke.

In the Copenhagen City Heart Study™

7,060 women, = 35 years, were initially
invesligated between 1976-1978, and followed up to 1988. There was no significant effect
of BMI (1.02 {0.99, 1.05) per unit of BMI) on risk of cerebrovascular disease after
adjusting for age, length of school education, household income, smoking, alcohol, daily
consumption of tranquilizers and physical inactivity. In the Brilish Regional Heart
Stady™™*, 7,735 men aged 40-59 years from 24 General practices in the UK werc followed
for eight years for the development of fatal and non-fatal strokes. There was no association
between obesity and stroke. In the Chicago Stroke Study™' 3,141 subjects were screened
between 1965-67 and followed up for a median of 32.1 months. They examined the
association betwecen adiposity (as measured by ponderal index and chest skinfold) and risk
of stroke. Ponderal index was associated with risk of stroke in a race-age-sex stratification
however on a multivariate analysis neither variable was significantly associated with
stroke. In the Finnmark study, 13,266 men and women aged 35-52 years were followed for

254 »
14 yoars.™*

There were 241 first stroke events. BMI was a highly significant predictor of
stroke in a univariate but not multivariate model. The model however included height as

well as body mass indcx.

In a random sample of 41,837 women aged 55-69 years from Iowa, women who developed
a stroke were 2.1 times more likely to be in the upper tertile of waste-hip circumference
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ratio.?’® Multivariable adjustment including body mass index in the model reduced the risk
ratio to 1.6 and including diabetes and hypertension reduced the risk ratio (o 1.3 which was
no longer significant. This suggests that abdominal obesity increases the risk of stroke,
even afler accounting for overall body mass index and that the association between
abdominal obesity and the risk of stroke is in part related to the association of abdominal

obesity with hypertension and diabetes.

The fact that the association between BMI and risk of stroke 1s attenuated by adjustment
for cholesterol, glucose and blood pressure indicates that obesity may have its effect on
stroke in part through these mechanisms. Other possible reasons are an increase in
prothrombic factors observed among overweight and obese individuals.”*® Increased levels
of C-reactive protein in overweight and obese individuals may also play a role since an
association between increased levels of inflammatory markers and risk of ischaemic stroke

has been previously documented.

1.5.2.6 Atrial fibrillation

Obesity increases the risk of arrhythmias and sudden death, even in the absence of cardiac

. 25725
dysfunction, "

In the Multiluactor Primary prevention study the adjusted HR for atrial fibrillation was 1.07
(1.04, 1.10) per unit of BMUL'™ Tn the Framingham cohort*™, 5,282 participants without
baseline atvial fibrillation were followed for a mean of 13.7 years for the development of
new onset atrial fibrillation. There was a 4% increase in atrial fibrillation risk per one unit
increase in body mass index in men and women. The adjusted hazard ralio for atrial

fibrillation associated with obesity was 1.52 in men and 1.46 in women.

1.5.2.7 Venous thromboembolic disease

The T.ongitudinal Invesligation of Thromboembolisin Aeticlogy was a prospective study of
19,293 individuals in 6 US communitics belween 1987 and 1998.2° There were 215
venous thromboembolic events during a median of 8 years of follow up. The age-, race-
and sex-adjusted hazard ratio (relative to a BMI<25) was 2.27 (1.57, 3.28) for obesity and
1.51 (1.06, 2.14) for overweight. Possible mechanisms suggested in this study include
venous slasis and higher levels of prothrombotic faclors, such as fibrinogen, plasminogen

activator inhibitor [, and factor VII in obese individuals. In addition it is possiblie that cbese
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individuals are more [ikely (o be hospitalised (and therefore subject to precipitating factors

such as surgery and immobilization).

Two other studics have looked at body mass index and risk of pulmonary embolisin and
one of lhese was confined to fatal events. The Framingham study showed that women but
not men who had a fatal pulmonary embolism had higher Metropolitan relative weights
(percentage of desirable weight) compared with participants who died of other causes.*®! In
the Nurses’” Health Survey ol 121,700 [emale nurses, a BMI of 29 or higher was an
independent risk factor for pulmonary embolism (HR 3.0 [2.0, 4.7] relative to a BMI <21
adjusted for age, oral contraceptive pill, post menopausal hormone use, parity, diabetes,
high blood pressure, chalesteral, smoking and time period).?®* Tn an autopsy study, morbid

. . . . 33
obesity was an independent risk factor for death from pulmonary emboslism,

Another study found an association between abdominal circumference and venous
thromboembolism. Tn the Study of Men Born in 1913, 855 men screened at 50 years old
and followed for 30 years, abdominal obesity was an independent risk tactor for venous

il 264
thromboembolic events.

1.5.3 All-cause and cardiovascular mortality associated with obesity

1.5.3.1 All cause moriality

Many studies have reported on the association between obesity and mortality with most
studies showing an increased risk of death associated with obesity.(Table 22) Using dala
from US life tables, NHANIES I1I, NHANES follow-up study and NHANES II Mortality
Study, Fontaine ef al estimated the expected number of years of life lost due (o overweight
and obesity.” Years of life lost is defined as the difference between the number of years
that one would be expected to live if one were not obese and life expectancy if one were
obese. ‘Uhey showed thut obesity reduces life expectancy substantially especially among
younger adults, Cven a moderate amount of cxcess weight confers a noticeable diminution

in life expectancy.

The Cancer Prevention Study 112°° was a prospective study of more than 1 million adults in
the US who completed a questionnaire in 1982, Familics were enrolled if at least one

household member was >45 years and all household members =30 years were included.
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There was an increased risk of death associated with obesity and a gradient of increasing
risk associated with increasing BMI above the normal range. For example among non-
smoking men who had no history of disease the relative risk of death compared to thosc
with a BMI between 23.5 and 24.9, increased from 1.09 in men with a BMT 26.5-27.9 to
1.32 in those with a BMI 30.0-31.9 to 2.58 in men with a BMI 240 (the equivalent RR for
women 1.10 (1.30, 2.00)). Over 750,000 adults participated in an earlier study, the Cancer

Prevention Study 12672

which had similar methodology. The relative weight was
calculated by dividing the person’s weight hy the average weight for his or her group and
multiplying hy 100. Men and women who were more than 40% overweight had a mortality
rate nearly (wice as high as average weight people, In another analysis of Cancer
Prevention Study 1% the association between BMT and death was examined in different
age groups. The increase in risk of death from all causes associated with a higher body-

mass index lended to be greater among vounger subjects.

In the NHANES I Epidemiologic Follow-up Study™™ there was an increased morlality risk
associated with the highest 15th percentile of the BMI distribution which only reached
statistical significance in whitc women. [n another paper, data from the NHANES |
Epidemiologic Follow-up study was compared to another national representative sample off
the US population, the National Health Tnterview Surveym. In the National Health
Interview Survey each week a probability sample of households in the US was intervicwexd
by trained personnel of the US Bureau of census to obtain information about healih. There
was 4 U shaped mortality curve associated with obesity. In both these studies the shape of

the BMI mortality curves in men and woren were similar in blacks and whites.

Iin the Adventist Health Study, the rclationship between BMI and mortality was examined
in a cohort of 20,346 non-Hispanic while, Seventh-day Adventist men and women aged

25-84 years who never smoked.?”

The cohort was screened in 1976 by mailed
questionnaire and followed prospectively for 12 years. There was an increased risk of
death associated with obesity in middle aged (25-54 vears) and older aged (55-84 years)
men and women hoth during earlier follow-up (1-6 years) and longer follow-up (7-12
years). The Adventist Mortality Swudy was an earlier study in which Californian Seventh-
day Adventists aged 30-74 years were screened in 1960 and followed for 26 years. In the
cohort of 12,576 women”" during the later years of follow-up (years 15-26) there was an
clevaled risk of mortality, in those with a BMI >27.4 compared 10 thosc with a BMI <

21.3. In 5.062 men®™ there was also an increased risk of all-cause death in those with a
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BMI > 27.5 compared to those with a BM1 22.6-27.4 howcver this was only significant in
younger (30-54 years) men,

An association between obesity and mortality was also shown in the Harvard Alumni
[Tealth Study*”. 21,582 Harvard University male Alumni responded (o a mailed
questionnaire in 1962 or 1966 and were followed until 1988. Men with a BMI > 26 had
ncarly & 20% increased risk of death relative to those with a BMI <22.5. There was also an
276

cxcess mortality in participants of the Honolulu Heart Study
BMI quintile.

who were in the highest

The relationship belween BMI and mortality was also exarnined in a prospective
population study fram the Social Insurance Institution of Finland.*""*™ 1n 22,995 men
aged 25 years and over there was a 1.5 {old increased risk of death for those with a
BM1=34.0 as compared with men of normal weight.””" In a separate analysis of 17,519
Finnish women aged 25-79 years, the population was divided into quintiles of BMI1 by 10-
year age groups. In those women aged 25-64 years there was an increased risk of death in
(he top quintile compared to the 2" quintile (RR=1.5).*"® However, among women aver 65
years of age BMI was not an important predictor of mortality. Data from compulsory army
medical examinations of 78,612 Dutch men aged 18 years, were linked to death
registration dala over a follow-up period of 32 ycars.279 An elevated BMI at aged 18 was
associatcd with an increased risk of deatl,

In the Cardiovascular Health Studym

the relationship of body mass index 1o 5-year
mortality was examined in a cohort of 4,317 non-smoking men and women aged >65
years. There waus no associalion belween higher body mass index and mortality in this
cohort of older adults. Likewise in the Established Populations for Epidemiologic Studics
of the Flderly study®™" (here was no excess risk of death associated with obesity in a cohort
of 6,387 whites aged 70 years or older during the period 1982-1987. In contrast in the
Framingham Heart St.udymthere was an increased risk of mortality for non-smoking men
and women at age 65 years in relationship to body mass index. After adjusting for
cholesterol and glucose levels, systolic blood pressure and prior cardiovascular disease this
excess risk however was only significant in women. The Longitudinal Study of Agcing283
cxamined the relationship between BMI and meortality in a large nationally representative
sample of 7,260 US adults aged =70 years. Individuals were initially interviewed in 1984
and were followed through (o 1990. Using Cox proportional hazard model and adjusting
for age, sex, education and several health related questions they found that the relationship
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between BMI and mortality was U-shaped for hboth men and women. The minimum
mortality in this clderly cohort occurred at a BMI of 31.7 for women and 28.8 for men. In
the Whitehall Study*™ the relationship between mortality and BMI in middle aged men
differed within age bands. In the 40-49 year age group mortality incrcased with creasing
quintile of BMI, however the excess risk of death for the heaviest quintile disappeared with

advancing age.

The association between BMI and overall mortality was examined in a cohort of 115,195
U.S. women aged 30-35 years who were enrolled in the prospective Nurses' Health Study
in 1976 and followed for 16 years.”™ When women who had never smoked were examined
separately, there was a direct association between BMI and obesity (p for trend < 0.001). Tn
women who had never smoked and had recently had stable weight, mortality among obese
women (BMI=29 kg/m?) was more than twice thal among leanest women. Mortality did
not increase substantially until BMI reached 27.6 kg/1n2. A weight gain of 10 kg (22 Ib) or
more since the age of 18 was associated with increased mortality in middle adulthood. The
relationship between BMI and mortality in women was also investigated in the Iowa
Women's Health S’U.ldy.zm A mailed questionnaire was completed in 1986 by 31,702 Iowa
women aged 55 to 69 years who were fiee of cancer, diabetes or heart. disease and who
held a valid lowa driver’s licence. Over a 12 year follow-up BMI showed a U-shaped
association with all-cause mortality in the age-adjusted models. However after adjustment
for other risk lactors, there was no association between BMT and mortality (RR for fifth

versus first quintiles 0.91 (95% CI, 0.8, 1.0)).

Several studics have [ailed to show an association between BMI and death. In the Swudy of
Men Born in ].9132'10, 792 men aged 54 years, were screened in 1967, There was no
significant difference in mean BMI between those who died and those who remained alive
over the 13 year follow-up period. In another study from Goteborg, Sweden 1,462 women
aged 38, 46, 50, 54 or 60 yeuars were screened in 1968-69 and [ollowed [or 20 ycar:é‘..386
There was no correlation between BMI and death. In both these studies Pitman’s
permutation test was used for correlation and multivariable modelling was not performed.
In a study from eastern Finland the risk of death from all causes was examined in 3,786
men and 4,120 women aged 30-59 at outset in 1972 and followed for 9 years.287 Ina
multivariable analysis adjusting for age and smoking, BMI was nol an independent
predictor of the risk of death from all causes in men or women. In the Seven Countries

study®! all cause mortality was not related Lo BML.
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1.5.3.2 Cardiovascular mortality

As discussed earlier there is debate as to whether obesity exerts its affect on cardiovascular
disease through its influence on established cardiovascular risk Tactors or whether obesity
is an independent risk factor for cardiovascular disease. There are three potential
melhodological problems that can distort studies investigating the relationship between
obesity and the risk of cardiovascular mortality.236 Firstly, reverse causation, which is the
effect ol paticnts losing weight during chronic ilnesscs thal arc vltimaicly fatal, there by
crcating the appearance that persons with a lower weight have an increased mortality.
Secondly, the issue of confounding variables such as not adjusting for smoking because
smokers weigh less and have a higher mortality than non smokers. Thirdly, statistical
adjustments for conditions related o obesity in the study population, for example
hypertension and diabetes, which remove some of the adverse effects of obesity and give a

false impression that the effect of obesity on the risk of death is neutral.

In the Cancer Prevention Study I, excess body weight increases the risk of death from

269 . .
® The relative risk

cardiovascular disease in adulis between 30 and 74 years of age.
associaled with greater body weight was higher among younger subjects. In another
analysis of data from the Cancer Prevention Study I, men and women who were morce than
40% overweight had a coronary heart discase mortality rate nearly twice as high as average
weight people (men 1.95; women 2.07).26_";268 In the Cancer Prevention Study 11,
significantly increased risks of death from cardiovascular disease were found with a BMI

. . 266
of more than 25 in women and 26.5 in men.”"

In the Nurses Health Study™, rates of death due to cardiovascular disease among obese
women (BMI =29 kg/mZ) were four times higher than those among the leanest women. The
risk of coronary heast disease mortality was also increased with increasing BMI (p for
trend <0.001). In the Towa Women's Health Study?'® BMI was associated positively with
coronary heart disease related mortality (multivariable adjusted RR for the fifth versus first

276

quintiles af [.7). Tn the Honolulu Heart Study®"™ most of the excess deaths in the fifth

quintile of BMI were due to coronary heart disease.

In the Whitchall Study, a 2-fold increase in risk ol stroke mortafity was observed among

men with BMI > 24kg/m2 compared with those with BMI<24kg/ 2.4



Obesity was also shown to increase the risk of premature coronary heast disease mortality
in 84,910 men discharged from the US Army in 1946-47 and followed [or 23 years.289 In
the Social Insurance Institution of Finland population survey, men aged =25 years, with a
BMI >34, had a 1.8 times (p<0.001) increased risk of death from cardiovascular disease
compared to men with a normal BMI (22.0-24.9) over a 12 year median [ 0]10\Jv-up.277 In
non-smoking women, aged 25-64 years, there was also an increased risk of mortality from
cardiovascular diseases in the highest BMI quintile relative to the second quintile of BM1
(RR 1.6,95% CI 1. 1~2.3).278 However, there was no excess cardiovascular moriality in
older obese women.

There was a correlation hetween BMIT and cardiovascular death in the study of 1462
women [rom Gélcborg, Sweden who were screcned in 1968-69 and [ollowed {or 20 years

after adjusting for age.**®

In the Scventh-day Adventist Studyzgo, 12,576 women who had never smoked completed a
questionnaire in 1960. There was an increased risk of death from cardiovascular causes in
women with a BMT1 >27.4 relative to those with a BMI121.3-27.4 between 9 and 26 years

of follow-up.

1.5.3.3 Martality from heart failure

Obesc people with heart failure seem to have a more favourable prognosis and this is
referred to as the ‘obesity paradox’. P29 The role of obesily in the prognosis of patients
with heart (allure was examined in 1,203 patients with advanced heart failure followed in a
comprehensive heart failure management program.”’ In this study obesity was associated
with a hetter five-year survival rate in patients with advanced hearl failure and in
multivariable analysis there was an inverse association between body mass index and
mortality. In a UK study of 525 non-cachectic patients with chronic heart failure increasing
body mass index was not an adverse prognostic factor.”®* In 522 patients with a history and
clinical findings of heart failure referred to two Veteran Affairs Medical Centres in
California, a lower body mass index was an independent predictor of death over a six-year
follow-up pel‘iod.293 In a study of 181 patients with heart failure from The Nethertands a
higher body mass index was an independent predictor of a more favourable prog11osis.294'
Higher body mass index was also ussociated wilh better survival in a study of 209 palients
with mostly class I and IIT heart failure who were followed at the Cardiomyopathy and
Hearl Transplant Centre in New Orleans.® In the Systolic Hyperlension in the Elderly
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Program study, overweight status was associated with a decreased stroke risk and reduced
total mortality, as compared with lean subjects with heart failure.”® Increasing body mass
index was also associated with a Jower mortality in a siudy of 4,700 paticnts hospitalised
with heart faiture.”” Compared with normal weight, and adjusted for age and sex, the risk
ratio for obese was 0.77 (0.70, 0.86). In the Digitalis Investigation Group trial®®, in 7,767
patients with stable heart failure, overweight and obese patients were al lower risk for
dcath (Hazard Ratio 0.88 and 0.8/ respectively), compared with patients at a healthy

weight.

In summary, the prevalence of obesity is growing and obesity is associated with many
adverse oulcomes. Although clearly a risk factor, the evidence swrounding the mechanism
and magnitude of associated risks is not consistenl and appears to vary according to the

outcome studied.
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2 AIMS

To describe the epidemiology of cardiovascular disease {including angina, AMI, acute
coronary syndromes, hcari failure, atrial fibrillation and obesily) in Scotland using

routinely available sources of data as well as dala available from the MIDSPAN study.
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3 METHODS

For this thesis [ used data from primary care {(Continuous Morbidity Recording in General
Practice Scheme), secondary care (Linked Scottish Morbidity Recording Scheme) and a
prospective cohort study (the Renfrew Paisley study). For each of these T will describe the
source of the dala and the quality, organisation and extraction of the dala. In addition I will
describe the specific data extracted and statistical analysis performed for cach of the

studies in chapters 4-11.

3.1 Continuous Morbidity Recording (CMR) in General Practice

Scheme

3.1.1 Data sourccs

Primary care morbidity statistics from a sample of General Practices in Scotland were
collected using the Conlinuous Morbidity Recording (CMR) scheme. Since April 2003,
CMR has been superseded by Practice Tcam Information (PTI). CMR collected data on
(reneral medical Practitioner contacis only. PTT includes data recording by the broader
practice team (general practitioners, practice nurses, district nurses and health visitors).
Currently 44 practices contribute full Practice Team Information to PTI, covering around 5
per cent of the Scotlish population. In April 1998 CMR was included as part of the national
dataset. Any computerised General Practice could volunteer to take part in CMR.

Practices were weighted to form a national sample that is broadly representative of the
Scottish population as a whole in terms of age, sex, deprivation and rural/urban mix.

All individuals resident in Scotland {(including children) are registered with primary care,
which is free at the point of contact and manages the treatinent of patients once they are
discharged {rom hospital. Access (o secondary care is usually obtained through a General

Practitioner (GP) based within a primary care practice.
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General Practices partipating in the CMR scheme collected data from cvery face-to-face
patienl contact with a GP. In 1999, 53 practices participated in CMR covering 6% ol the
Scottish population. This increased to 55 General Practices contributing in 2001 (7% of the
Scottish population). Al contacts with practice patients (including temporary residents)
were captured and recorded by every doclor (including locuins and co-operative doctors).
Data was collected from face-to-face doctor patient contacts only and not from telephone

contacts or hospital episodes.

For each doctor-patient contact the following information is recorded; patient identifier,
date of birth, sex, postcode, diagnosis, modifier, date of consultation, type of cncounter and
clinician ILD. These will be discussed in more detail below. The patient identifier is
generated by General Practice Administration Svstem for Scotland (GPASS) software, 1s
practice specific and allows analysis of the data at the individual level. ‘The diagnosis is the
underlying morbidily the patient has presented with. It can be a diagnosis, or if the
diagnosis is not clear, a symptom or sign. As patients can present with multiple problems,
information is collected on the index condition and up o ten concomitant medical
problems. General practitioners are asked to only record a problem if the patient presented
wilh (hat condition or if the consultation was relevant to the condition in question (e.g.
volving a change of medication for the condition). Each diagnosis is given a Read code.
Read codes are the recommended national standard coding system in General Practice and
can be mapped onto other coding systems including 1CD-9, 1CD-10 and British National
Formulary (BNF) formulary. Read codes ave arranged hierarchically, with the level of
detail increasing down the hierarchy. For example G.... refers to circulatory system
disease, G3... ischaemic heart disease, G30.. acule mvocardial infarction, G301. acute
myocardial infarction not otherwise specificd, G3011 ucute antcroseptal infarction. Each
diagnosis is also given an appropriate modifier of “first”, “recurrence” or “persistent”. A
‘firsl” modifier is defined by the firs{ ever occurrence in primary care of a newly diagnoscd
condition or symptom for this patents with any doclor. A ‘recurrence’ modificr refers 1o a
new occurrence of an illness or symptom, which has been previously diagnosed for that
patient but has been inactive. ‘Recurrence’ also includes an acuie exacerbation of an on-
going morbidity. A ‘persistent’ modificr 18 delined as a [ollow-up, review or other
consultation of an on-going symptoimn or condition. Moditiers allow calculation of
incidence and prevalence of conditions. The type ol encounter identifies what type of

contact took place such as a home visit, outl of hours contacl or a surgery or clinic contact.
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‘I'he data are entered onto the practice GPASS system and an extract is sent every month to
the Information and Statistics division of the National Health Service in Scotland {ISD
Scotland) for analysis. Data from all CMR practices is combined to form a national
sample, The Primary Care Clinical Informatics Research Unit (PCCIU-R) based at the

University of Aberdeen collates the prescribing and morbidity data.

CMR practices are located throughout Scotland with the highest concentralion of practices
in the more densely populated central areas of Scotland. (Figure 1) CMR practices are
rceruited on a continual basis so that the datasct 1s representative by age and sex of the
Scottish population. The age distribution in the ("MR practice population is comparable to
the general Scottish population. The preportion of men and women in different age groups
in the CMR practice population and in the Scottish population in the years ending March
2000 and March 2002 is shown in Figure 2. The CMR practice population is based on
CMR practices which returned complete GP data for the years ending March 2000 and
2002 respectively. The source of the CMR praclice population figures is the General
Medical Practitioner Database (as at 1 October 1999 and 2001), while the source of the
Scottish population figures is the General Register's Office, Scotland (mid year population
estimates [or 1999 and 2001). The overall proportion of men was slightly higher in the
CMR population compared to the Scottish population in both time periods {1999-2000
49.4% versus 48.6% and 2001-2002 49.6% versus 48.1%). This was due to a higher ratio

of younger men to women in the CMR population compared to the Scottish population.

Figure 3 gives the CMR practice population and the Scottish population stratified by
Scotlish Index of Mulliple Deprivation (SIMD) quintiles for the years 1999-2000 and
2001-2002. The source of the CMR practice population and the Scottish population is the
Community Health Index (CHI) record (as at 30 Sept 1999 and 2001). The STMD is based
on 37 indicators in seven domains: current income, employment, health, education skills
and training, geographic access to services (including public transport travel times for the
first time}), housing and a crime domain. The SIMD is presented at data zone level, and the
data zones have a median population size of 769. The first quintile is the least deprived and
the fifth quintile is the most deprived. As can be seen from Figure 3 a disproportionate

number of individuals in the CMR practice population are in SIMD quintiles | and 2.
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Figure 1The location of CMR practices in Scotland
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Figure 2 The proportion of men and women stratified by age group in the CMR practice population

and in the Scottish population in the years ending March 2000 and March 2002
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Figure 3 The proportion of the CMR practice population and the Scottish population* in the year

ending March 2000 and March 2002 stratified by deprivation quintiles based on the Scottish Index of

Multiple Deprivation
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3.1.2 Quality of the data

ISD administers the CMR project and operates a continuous quality assurance system for
completeness and accuracy of entry. This involves a rolling programime of practicc visits to
corupare CMR data with practice held records. Completeness is measured by comparing
the number of contacts on the CMR database in a complete week with the number of
contacts scen by the practice during that week. Accuracy js asscsscd by comparing clinical
notes with the Read Codes held on the CMR database for a random sample of 80 contacts
in each practice. Data from practices with less than 90% accuracy and 92.5% compleleness
are not included in the national sample. In 1999-2000 the completeness of caplure of
contacts was 91% and the accuracy of Read coding was 91%. The long-term nature of the
databasc and its clinical focus ensures that initially uncertain events are confirmed or

refuted over time and the diagnostic codes sinended appropriately. 300301

3.1.3 Organisation and extraction of data

Information is extracted from CMR practices by the [IQ software programme and stored in
Rich Text Format. This information is then converted and stored in Microsoft SQL server
software, Microsoft SQL server softwarc uses Standard Query Language (SQL) Lo extract
data from long lists of information (‘buase’ tables). Several ‘basic’ tables exist which can be
used for investigation. The ‘Patient’ table includes inlormation on the patient’s date of
birth, sex, postcode sector, Carstairs deprivation category and the type of registration
{temporary or full}. The *Clinical Events’ table includes information on every diagnosis
coded using Read codes, diagnosis name and diagnosis date along with a modifier code
(first, recurrent or persistent). The ‘Registration’ table includes date of regisiration, date of
deregistration and date of death. The ‘Irescribing’ lable contains the names, BNF code,
quantity, dose and frequency of drugs prescribed, the start and finish date of the
prescription and whether the drug was prescribed as a repeat or acute script. All tables
contain unique practice and patient identifics numbers. The number of patients that are live
and registered in CMR stratified by age and sex is used as a measure of the population at
risk ta calculate age and sex specific rales. Using the database language Transact SQL
queries are wrillen to exiract information from thesc basic tables so that a specificd doctor

diagnosis that any patienl has received (e.g. angina, heart failure or atrial fibrillation) car
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be viewed and amalgamated with patients given the same diagnosis. A single database can
be created containing all patients with a specific illncss and relevant demographic, clinical

and prescribing information.

3.1.4 Data extracted for the present studies

CMR data was analyscd (0 cxamine:
1. Prevalence, incidence, primary care burden and medical treatment of angina in
Scotland (Chapter 1)
2. Prevalence, incidence, primary care burden and medical treatment of heart failure
in Scotland (Chapter 5)
3. Prevalence, incidence, primary care burden and medical treatment of atrial
fibrillation in Scotland (Chapter 6)
All study protocols were approved by the Scientific Advisory Group ol the Primary Care

Clinical Informatics Unit — Research (PCCIU-R).

3.1.4.1 Angina

For the year 1™ April 2001 to 31% March 2002 prescribing and morbidity data from 33
General Practices with a total practice population of 362,155 fully registered patients (7%
of (he Scolish population) were obtained from the Primary Care Clinical Informatics
Research Unit (PCCIU-R) based at (he University of Aberdeen. All patients who had been
labelled as ever having angina {includes stable and unstable angina) were included.

The following Read Codes for angina were included — (533 (angina pectoris), G3111
(unstable angina), G3112 (angina al rest), G3113 {refractory angina), G3114 (worsening

angina).

Each patient record contained infornnaiion on age, sex, GP praclice, number of GP contacts
in the year and an incidence marker. Information on medications included aspirin,
clopidogrel, warfarin, statins, betablockers, nicorandil, caicium channe! blockers, nitrates,
ACE inhibitors and angiotensin receptor blockers. In addition the following comorbidities
were included; hypertension, back pain, chest infection, upper respiratory tract infeclion,
chronic abstructive pulmonary discasc, dyspepsia, diabetes, depression, pain in limb, heart
failure, ischaemic hearl. disease and atrial fibrillation. Postcode sectors were used 1o derive
Carstairs socio-economic deprivation scores, which were used to categorise patients into
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deprivation categories.’ Resident postcodes were used to assign a Carstairs deprivalion
category from one (least deprived) to five (most deprived) to each individual. These
categories are derived from 1991 census data on four variables: the proportion of persons
in households without a car; the proportion of economically active males who are
anemployed; proportion of persons in private houscholds with a density of more than one
person per roon, the proportion of persons in houscholds with an economically active head

of houschold in social class 4 or 5.

3.1.4.2 Atrial fibrillation

Atrial fibrillation data for the year 1™ April 2001 to 31% March 2002 was obtained from
PCCIU-R. Morbidity and prescription information was available for 55 General Practices
with a total practice pepulation of 362,155 fully regisicred paticnts (7% of the Scotlish
population). All patients who had been labelled as ever having atrial fibrillation were
included. The following Read codes for atrial fibrillation were used; 3272 (ECG: atrial
fibrillation), 3273 (ECG: atrial flutter), G573 (atrial fibrillation and flutter), G5730 (atrial
fibrillation), G573 1 (atrial flutter), G5732 (paroxysmal atrial fibrillation), G573z (atrial
fibrillation and flutter NQS).

Bach paticnt record contained information on age, sex, GiP practice, number of GP contacts
(n the year for atrial fibrillation, an incidence marker and comorbidities. Prescribing
information on the following medications were included; aspirin, clopidogrel, warfarin,
verapamil, diltiazeni, betablockers, sotolol, digoxin, propalecnone, disopyramide, quinidine,

flecainide and amiodarone.

3.1.4.3 Hearl failure

Heart failure data, from 53 practices participated in CMR between 1% April 1999 and 31
March 2000 was obtained from ISID. These practices had a total registered practice
population of 307,741 patients representling 6% of the total Scoltish population.
Prescribing information was available from the PCCIU-R for 22 of the CMR practices with
a combined list size of 140,246 patients (2.6% of the Scottish population}. All patients who
had a consultation generating a heart failure related Read code during the year ending 31
March 2000 were included in the analysis. The Read codes uses were; G58.. (heart lailure),
G580. (congestive heart failure), GS800 (acute congestive heart failure), G580 1

(chroncongestive heart failure), G5802 (decompensated cardiac failure), (G5803
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(compensated cardiac ailure), G581 (left ventricular failure), G5810 (acute left ventricular

failure), G582 (acute heart failure) and G58z (heart failure not otherwise specified).

Repeat prescription data were obtained for a representative subsel of the “period
prevalence” group, in order to describe which medications these patients ook on a regulur
basis. This information was obtained from the PCCTU-R based at the University of
Abcrdeen. It included prescribing information from 22 CMR practices with a combined list
size of 140,246 patients (2.6% of the Scottish population). The age range, sex distribution
and level of deprivation in these patients were comparable to thosc in the total Scottish
population. Newly started medication (i.e. where a second prescription had not been
issued) was not accounted for. The prescription rates reposted may, therefore, slightly

underesiimale the true rate of use of the drugs concemed.

3.1.5 Statistical analysis

All tests of statistical significance were two tailed. All analyses were undertaken using the
Statistical Package for Social Scientists (SPSS Inc, Version 11.5, Chicago, Lllinois 60611),
Confidence Interval Analysis for Windows (CIA, 1998) and Centres for Discasc Control

and Prevention’s statistical package Tipt Info (2002, Revision 2).

3.1.5.1 Descriptive analysis

Prevalence

The prevalence of a disease is the proportion of a population that have the condition at a
point in time (also referred to as point prevalencce). Period prevalence refers to the
proportion of the population that are cuses within a designated period of time (for instance
per annum). Prevalence per 1000 population was calculated using the lollowing formula:
Prevalence= (number of existing cases/ population at risk) X 1000

The denominator used in these studies to calculate prevalence was the total registered
practice population for the year studied. For (he atrial fibrillation and angina analyses
prevalence was calculated by estimalting the proportion of total registered practice
population who ever had a diagnosis of atrial fibritlation ot angina. For heart failure period

prevalence was estimated by including all patients who had a consultation generating a
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heart failure related Read code from in the 12 month period from 1™ April 1999 to 31*
March 2000. Any patient who died or moved away from the practice prior 1o 31 March
2000 was excluded. Patients not attending their GP during the year of the study were also
not accounted for. While this may have led to an underestimate of prevalence, it is
unlikely that many patients with heart failure will not attend their GP wilhin a 12 month

period.
Incidence

The incidence of disease is the rate at which new cases occur in a population during a
specified periad ie the number of patients during the period of study who present with an
llness for the {irst time. Incidence was calculated by including all patients withh a Read
code for the discase being studied which had a modilicr of “first” for the year studied.
Incidence per 1000 population per annum was caleulated using the following formula:
Incidence = number of new cases / (population at risk x time during which the cases were
ascertained) X 1000

‘The population at yisk was the total registered practice population for the year studied.
Contact rates and number of contacts per patient

Contact rates (total number of consultations/atlendances [or the year where that candition
was indicated as relevant to the visit) were also calculated using the following formula:
Contact rate= (number of contacts/ population at risk) X 1000

The population at risk was the total registered practicc population. The average number of
contacts per patient was calculated by dividing the number of contacts relevant to the

condition in one year by the number of patients with that condition.

As the CMR practiccs arc age and scx representative of the Scottish population, the CMR
data were used to estimale prevalence, incidence and contuct rates for the whole Scottish

population (5.1 million) on an age and scx specific basis, derived from the 2001 census, >

Chi-square tests and chi-square tests for trend were used to compare prevalence, incidence,
conlact rates and prescribing data betwcen different age groups and deprivation categories.
Indirect standardisation was used {0 adjust incidence, prevalence and contact rates for age
and sex differences in the practice population in each deprivation category. Indircct

standardisation was performed by applying age and sex specific prevalence, incidence and
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contact rates to the CMR population in deprivation categories 1-3 to get an expected
number of events, The ratio of observed to expected events was then applicd to the average
event ratc (o get age and sex standardised rates.

For comparative purposes, contact rates for other common cardiovascular conditions are
also described and we examined where cach condition ranks amongst all reasons for
consultation with a GP. Prescription rates siratified by sex, age and deprivation category

are also described.

3.1.5.2 Logistic regression

Using the drug of intercst as the dependent variable, multivaciable logistic regression was
performed to examine the independent effects of age, sex, deprivation category and general
practitioner on prescribing of differcnt medications. The odds ratios were adjusted for
potential prognostic factors including sex, age, deprivation category, general praclitioner.
Co-morbidity (including conditions which may influcnce prescribing of angina
medications such as prior myocardial infarction, hypertension, heart failure, stroke, atrial
fibrillation and chronic obstructive lung disease) was also adjusled for in the angina

analysis.

3.2Linked Scottish Morbidity Recording Scheme (SMR)

3.2.1 Data sources

3.2.1.1 Scottish morbidity records

Healthcare data for individual patients in Scotland is collected as a series of Scottish
Morbidily Records (SMR). The record type denotes (he general type of healthcare received
during an episode and/or the nature or status ol the patient. '{'he hospital activity SMRs are
outpatient atlendances (SMRO0), all discharges from acute hospitals (SMRO1), maternity
units (SMRO2), psychiatric units (SMR04), neonatal units (SMR11) and geriauic long stay
inpaticnts (SMR50). Analysis of SMRO1 data was used for this study. An SMRO1 is an
cpisode-based patient record relating to all inpatients or day cascs discharged from non-

obstetric and non-psychiatric specialtics. Elective and emergency udmissions are included.
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An SMRO1 is generated when a patient is discharged home from hospital, transterred to
another clinictan (either at the same or a different hospital), changes speciaity (either under
the same or a differen( ¢linician), or dies, Data collected includes patient identifiable and
deimographic information as well as episode management details (such as lenglh of stay)
and general clinical information. Fach patient is given a principal diagnosis and up to five
secondary diagnoses and up to four operative procedures. These secondary diaghoses or
comorbidilics are recorded if they allect the management of the patient or arc associated
with the main condition or are chronic conditions. Diagnosis at discharge is coded using
the World Health Organisation (WHO) [oternational Classification of Diseases (1CD)
system.m4 Diseases were coded using the ninth revision (ICD-9) up to March 31st 1996
and the tenth revision (ICD-1() thereafter. The dala is abstracted [rom case notes and then
transcribed onto an SMRO1 form. The Information and Statistics Division (ISD) of the

Common Services Agency (CSA) collates the data at National level.

3.2.1.2 Decath certificate data

The General Register Office for Scotland records the causes of death for all Scottish
residents. > The codes used to classify deaths are allocated using the WHO International
Classification of Diseases. 1CD9 was used between 197% and 1999 and ICD10 has been
used since st January 2000. Classification of the cause of dcath is bascd on information
collected on the medical certificate of cause of death which containg information on the
underlying cause of death and up to three other causes considered (o have contributed to

death.

3.2.1.3 Linked Database

Computerised hospital records (Scottish Morbidity Records), cancer registration records,
mental health rccords and death regisiration records belonging to the same patient in
Scotland are linked together in the Scottish Record Linkage System. 30 Record linkages
have been carried out in Scotland since the carly seventies. Initially it was a slow and
laborious process. A joinl project between ISD and the CSA started in May 1989 and led to
the development of permanent linked data sets of Scoltish health relaled data. The linked
data set holds hospital discharge records for non-psychiatric, non-obstetric specialties
(SMRO1) ogether with Cancer Registry records (SMR6) and Registrar General’s death
records from 1981 until the present day. Ad hoc linkages can also be catried out dating

back to 1968.
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3.2.1.4 Methods of linking

Records from individual hospital episodes from different SMR schemes together with
records from the Registrar General are pulled together using probability matching record
linkage to provide profiles for cach patient. Howard Newcombe from Canada was the
ploneer and founder of probability matching techniques in the 1950s. Gver the last thirty
years, methods of probability matching have been developed and refined in Oxford,
Scotland and Canada and are used by the Record Linkage System to allow for inaccuracies
in the identifying information. >’ When records are linked, two records are compared
using identifying items such as surname, [irst initial, scx, vear, month and day of birth and
posteode and a decision is madce as Lo whether they belong Lo the same individual.
Surnames are changed to coded format in order to avoid the efteets of diffcrences in
spelling. A computer algorithm calculates a score for each pair of records that is
proportional to the likelihood that they belong 1o the same person. The huge volume of
data would mean ii is be impossible to carry out probability matching on all pairs of
records involved in the linkage and blocking is used 10 cut down the number of
comparisons required. Only those records that have a minimum level of agreement in
identifying items are compared. Probability matching then allows mathematically precise
asscssment of the implications of the levels of agreement and disagreement between

records.

3.2.2 Quality of the data

The linkage process is largely automatic as a threshold score based on probability
matching diclaies the decision as to whether the records belong together. Clerical checking
has shown that the accuracy of probability matching is 98-999.°%

The Quality Assessment and Accredilation (QAA) Unit of ISD monitors the quality of
SMR dali, by assessing accuracy, completeness, consistency and fitness for purpose. It
carrics out routine validation of a sample of SMROI records where data held on the
sampled records are compared with information contained in the medical case notes. An
assessment of the accuracy of SMRO! data, carried out between 2000 and 2002, on a 2%
samplc of SMR{1 data found the accuracy for recording of clinical data at the three-digit
level was 88% for the main diagnosis falling to 81% at the four-digit level.” The accuracy
of the main diagnosis was 89% [rom the 1997/98 audit. Coding of secondary diagnosis was

less accurate at 77% and the most frequently observed omissions from secondary diagnosis
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included chronic ischaemic heart disease, hypertension, asthma, diabetes and angina. The
accuracy for main procedure/ operation was 91% accurate and other procedurcs/ operations
92% accurate. The accuracy for non-¢linical data items was 97%. The accuracy of AMI,
angina and chest pain coded as a principal diagnosis was shown to be 86%, 88% and 93%
respectively. The accuracy of AMI coded as a principal diagnosis had been shown to be
97% in the1996/97 audit. *'°

3.2.3 Organisation and extraction of data

The linked data is siored as a conventional flat file of records. The records for each
individual are stored adjacently in chrenological order and marked with a unique personal
identifier. Different types of record are stored in their original unlinked [ormat and are
preceded by several fields of linkage information. The dataset is complex and requires
tailored FORTRAN programs o access the data. The staff in ISD use FORTAN
programming to produce specific datasets. In collaboration with stall at ISD, data specs

were written which detailed the nature of the data required for these studics.

3.2.4 Data extracted for present studics

All study protocols were approved by the Privacy Advisory Committee which is an
independent body set up in 1990 ta provide advice on requests for the release of data by
ISD.
SMR data was used Lo examine:
1. Trends in hospital discharge rates [or suspecled acule coronary syndromes in
Scotland between 1990 and 2000 (Chapter 7)
2. Short-term and long-term outcomes in patients admitted with suspected acurte
coronary syndromes in Scoliand between 1990 and 2000 (Chapter 8}
3. Between-hospital variation in short-term survival following an acute myocardial

infarction (Chapter @)
3.2.4.1 Suspected acute coronary syndromes 1990-2000
All adults (16 years and over) with a ‘first’ cimergency hospitalisations with a “principal”

discharge diagnosis (coded in the first position} of AMI(ICD 9: 410, ICD 10: 121 or 122),
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“hospitalised angina” (1CID 9: 411 or 413, TCD 10: 120 or 124.9) or “other chest pain” (ICD
9. 786.5, ICD 10: RO7) in Scotland between Japuary 1990 and December 2000 were
identified. In addition all subsequent dealhs occurring in these individuals up until 31%
December 2001 were also identificd. This allowed patients to be followed up for a
minimum of one year to the end of the study (31st December 2001). A “first”
hospitalisation was defined as onc occurring in a patient with no previous discharge
diagnosis of coronary heart disease or chest pain (ICD 9: 410-414, 786.5, ICD10 120-125,
RO7) in the principal coding position, in the previous 10 years. This means there was an

equal look back for all palients avoiding double counting and bias.

During a continuous inpatient stay, individuals may be coded with a number of different
diagnostic codes. In the current study the principal diagnosis was based on the last
cardiovascular diagnosis in this continuous inpatient stay. Therelore, individuals who are
diagnosed as chest pain or angina, before 4 definitive diagnosis of AMT is made, are
included in the study as AMI. Individuals hospitalised with an AMI who are subsequently
transferred with a diagnosis of angina are included in the study as anginga. Individuals,
who have a non-cardiovascular diagnosis at any point during their admission, are also
included in the analysis. This avoids double counting of patients as each individual can be
given only one diagnosis during their inpatient stay. Each patient record contains
information on the dates of admission and discharge, age, scx, posicade of residence and
date of death, if it occurred. Postcode sectors were used to allocate Carstairs deprivation
categories on the basis of four variables from the 1991 census, namely male
unemployment, overcrowding, social class and car ownership as described previously.’®
Secondary diagnoses in positions Lwo to six were examined in order to determine the most
frequent concomitant diagnoses. These were then recoded into categorical variables.
Using the record linkage systen, all prior hospitalisations occurring within five years of
the index hospitalisation, were identificd and coded according (o the principal diagnosis
recorded al discharge. Co-morbidily was defined as any concomitant diagnosis or as any
principle diagnosis in a prior admission within five ycars of the index admission,
categorised as: diabeles; (ICD9 code 250); respiratory disease (480-494); cancer (140
208); cercbrovascular discase (430-438); peripheral vascular disease (440-443);
hypertension {(401): renal disease (463); or atrial fibrillation, (427.3) [ICD10 codes E10-
E14, J10-J18, J 40-J47, CO0-C99, 160-169, G45, I70-178, [10-113, N17-N19, and 148
respectively]. All 32 acute hospitals in Scotland were included in the analysis, of which
eight were university hospitals and six had cardiac catheterisation facilities. Following the
first index admission, all subsequent admissions [or non-fatal events were identified.
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These included non-fatal acute myocardial infarction, siroke, heart failure, angina and
revascularisation (coronary artery bypass surgery and coronary angioplasty). Primary causc

of death was categorised by ICD code.

3.2.4.2 Acute myocardial infarction

All paticats discharged (alive or dead) from Scottish hospitals during two periods of time:
i) between Oclober 1988 and September 1991 and ii) between October 1998 and
September 2001 with a principal diagnosis of AMI (ICD 9 410, ICD 10121 and I22) were
identificd. Only discharges for a “lirst” AMI werc analysed. A “first” AMI was defined as
one where the patient had no prior hospital discharge for AMI. Only hospitals admitting
patients with emergency medical problems during both study periods (n=26) were

comparced in this analysis.

Each patient record provided information on age, scx, postcode sector, date of dischargge,
hospital discharged from, previous discharges and date of death if it occurred. As discussed
previously postcodes of residence were used to assign a Carstairs deprivation category
ranging from one (least deprived) to five (most deptived) to each individual*® There is a
strong concordance between Carstairs scores [or postcode sectors in 1991 and 2001
(Pearson’s correlation coefficient 1=0.955). *'' All prior discharges within five years were
identificd vsing relrospective linkage. Secondary conditions on the index admission

allowed the identification of up to five co-maorbidities.

3.2.5 Statistical analysis

All tests of statistical significance were two tailed. All analyses were undertaken using the
Statistical Package for Social Scientists (SPSS Inc, Version 11.5, Chicago, llinois 60611)
aud Confidence Interval Analysis [or Windows (CIA, 1998),

3.2.5.1 Suaspected acute coronary syndromes 1990-2000

The suspected acule coronary syndrome database was used to look at
1. 'Lrends in hospital discharge rales [or suspected acule coronary syndromes in

Scolland between 1990 and 2000 (Chapler 7)
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2. Short-term and long-term outcomes in paticnts admitied with suspected acute

coronary syndromes in Scotland between 1990 and 2000 {Chapler 8)

3.2.5.1.1 Descriptive statistics

Baseline data were compared using chi square tests and chi squnare tests for trend for
categorical dala and 1 tests for continuous data. Population denotnator data were used (o
derive population-based discharge rates per 100,000 stratified by sex, age and year of
admission. Rates were calculated using official age and scx specific population cstimates
obtained from the General Registrar for Scotland for cach year between 1990 and 2000.*"
Linear regression was used to test the significance of the observed trends in population
discharge rates and numbers. Age and sex-specific rates for non-fatal events (non-fatal
acute myocardial inlarction, stroke, heart failure, angina and revascularisation} were
calculated for individuals following the index suspected acute coronary syndrome

admission.

3.2.5.1.2 Survival analvsis

Crude case-fatality rates al 30 days and five years were compared in men and women who
were categorized into five age groups. Survival time was calculated as the time from first
admission for suspecled acute coronary syndrome, to death from any cause; or censored at
31/12/2001. Age and sex specific survival rates were calculated for the follow up periods
using the actuarial life table method. This takes account of admission dales and periods of

foltow-up, which difler between patients.

Kaplan-Meier survival curves were drawn int order to graphically illustrate the probability
of fatal or non-fatal event in men and women [ollowing an AMI or angina admission. The
log rank test was used to test the null hypothesis that these two groups are samples from
the same population as regards survival experience. This involves calculating the observed
and expected number of deaths in both groups at separate time intervals and summing

these.
Cox’s proportional hazards
Cox’s proportional hazards models were then used 1o determine whether sex, age, socio-

economic deprivation, comorbidity and year of admission were independently associated
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with survival at five years excluding those deaths that occurred during the [irst 30 days
following adinission. 'I'be Cox’s proportional hazards model compares the hazard functions
for each level of the model. This was carried oul using an enter model. Cox proportional
hazard models were also used to adjust for the cffects of age, sex, year of admission,
deprivation and co-morbidity on the risk of each suhsequent non-fatal cvent in the two
groups. All variables were entered simultaneously. For each variable entered into a model,
the lowest class was sel at unity. After fitting the tinal model, the assumplions were
checked. The assumptions underlying a Cox’s preportional hazards modcl arc

s Proportional hazards, the ratio of hazard functions for two individuals with
different covariates does not vary with time.

* Linearity, the relationship between the covariates and the hazard function
should be linear in the log space.

e Survival times should be independent and the mechanisms giving risc to
censoring of individual subjects should not be related to the probability of an
event occurring.

These were checked by looking at a log-log plot for each calegorical covariate in the

model, which should demonstrate parallel lines if the hazards are proportional.
Logistic regression

Multiple logistic regression was used to calculate the adjusted odds ratie for the probability
of death within 30 days following an admission with a suspected acute coronary syndrome
and to quantify the independent effects on survival of: age, sex, socioeconomic
deprivation, year of admission and comorbidity (including respiratory disease, diabetes,
cancer, cerehrovascular disease, peripheral arierial disease. hypertension, heart lailure,
atrial fibrillation, and renal failure). Men and women were considered separately in the
models, because sex was a significant predictor of outlcome and because of an interaction
previously seen between age and sex in short term outcome following an acute myocardial
infarction.?'? All variables were entered simultaneously into the models. For each variable
entered into a model, the lowest class was set al unity. Adequacy of fit was assessed using

the Hosmer Lemeshow Goodness-of Fit-Test and all were statistically non-significant.
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3.2.5.2 Acute myocardial infarction

The acute myocardial infarction database was used to examine
1. Between-hospital variation in short-term survival following an acute myocardial

infarction (Chapter 92)

3.2.5.2.1 Descriptive statistics

Baseline characteristics of patients admilted Lo hospital within the two time periods were
compared using chi-square test for discrete variables and Student i-test for continuously
distribuled variables. Crude 30 day survival was calculated for each hospital and for
Scotland as a whole by use of the actuarial life table method. Indirect standardisation was
then used to adjust hospital-specitic 30 day survival rates for age and sex differences

between Lhe hospital population and the whole Scottish population.
3.2.5.2.2 Survival analysis

Mulliple logistic regression models were used to determine the independent effect of
hospital on 30 day case fatality after adjusting for the effects of age, sex, deprivation
catcgory and prior and co-morbidity. The hospitals were entered inte the logistic models as
one categorical variable. The ‘index’ hospital was set as that with a case fatality nearest the
Scottish crude case [atalily [or that time period. All variables were entered simultaneously
into the models. Each model was subject to the Hosmer-Lemeshow goodness-of-fit test,

and all were stafistically non-significant.

3.3 Renfrew-Paisley Study

3.3.1 Data sources

3.3.1.1 Midspan studics

The Midspan studics arc four scparate occupational and general population cohort studies
based in Scotland; the Main and Tiree study (an industrial group of 3931 individuals from

13 factories in the central belt of Scotland), the Collaborative study (an occupational group
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of 7028 individuals from 27 workplaces in the central belt of Scotland), the Renfrew-
Paisley study (a general population cohort {rom Renfrew and Paisley in the outskirts of
Glasgow) and the Family study (2238 offspring of married couples in the Renfrew-Paisley
study). The use of large-scale epidemiological studies for public health research was
pioneered in Scotland by Victor Hawthorne in the 1900s, The Midspan studies originated
in the post war drive to control pulmonary tuberculosis using mass miniature radiography.
This effective screening method of examining large numbers of apparently healthy
voluntcers was extended in the Midspan studies to detect and control cardiorespiratory
risks and discases in addition to improving the detection and control of tuberculosis. For
this thesis data from the Renfrew-Paisley study was used and will be discusscd in more

detail.

3.3.1.2 Sample and Bascline Data

The Renfrew-Paisley sindy is a general population study of 7048 men and 8354 women
living in the industrialised Lowns of Renfrew and Paisley, near Glasgow in the west of

213

Scotland.”™ Eligibility for the Renfrew-aisley study was established by a door-to-door
census of all households in the twe towns in 1972, Between 1972 and 1976, all persons
aged 45-64 vears who met residency criteria were invited to complefe a questionnaire and
attend for a screening examination at one of twelve nearby temporary screening centers.
78.8% of the target population in Renfrew and 77.9% of Paisley residents was examined.

Approximalely 60% of the cohort re-atlended for repeat screcning between 1977 and 1979.

The target population in the Renfrew-Paisley study was from a large urban arca with high
levels of soctocconomic deprivation and high mortality rates, Tn 1980-85 standardised
mortality rates i Renfrew-Paisley [or all cause death was higher than the Scoltish average
and Renfrew ranked 6™ lor ischaemic heart disease deaths and 10" for cercbrovascular
deaths in Scotland out of 56 other local government districts.”” Twelve of the 16 postcode
sectors in Paisley and Renlrew were in Carstairs’ deprivation categories 4-7. One scetor
had the highest deprivation scorc in Scotland. In the 1981 census 63% of households in
these Ltwo towns rented their accommodation from the local authority. Thirty per cent of
houscholds were overcrowded, 44% had no car, 13% of men were unemployed and 25% of

heads of households were in social class 4 or 5.3
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Jach subject’s demographic profile and cardiorespiratory health status were documented.
Tahle 23 shows the study dala recorded al the screening visit. Social class was determined
by occupation according to the Registrar General’s classification, except for housewives
and retired woren whose husbands’ or fathers” occupations were used instead.”'” Resident
postcodes were used to assign a Carstairs deprivation category from one (least deprived) to
five (most deprived) to cach individual as described previously.™ Angina pectoris
(identified by the Rose angina questionnaire), possible myocardial infarction (identificd by
a separate question on Rose questionnaire as having ever expericnced a severe pain 4cross
the front of chest lasting for hal{ an hour or more) and chronic bronchitis (determined by
the Medical Rescarch Council’s chronic bronchitis questionnaire) were noted.'™ ' Past and
current medical history and risk factors for cardicrespiratory diseasc were documented. A
smoking history was recorded including average number of cigarettes smoked per day
(never smoked, 1-14, 15-24, 25-34, 35 or more), ex-smoker (less than 5 years or 5 years or
more) or pipe or cigar smoker. Blood pressure was recorded as the mean of two
measurements taken in the seated position and diastolic pressurc was recorded at the
disappearance of the fifth Korotkoff sound. Hcight and weight were recorded and used to
caleulate body mass index in kg/m” (weight in kg divided by height in meters squared).
Forced expiratory volume in 1 second (FEV) was measured.” ¥ 17 An adjusted FEV, was
calculated as a percentage of the “expected” TIiV) (derived from a linear regression
equation of age and height for men and women separately from a healthy subset of the
sample who were nonsmokers and had no respiratory symptoms) and the actual FEV,. The
cardiothoracic ratio was based on a chest radiograph and cardiomegaly was delined as a
cardiothoracic ratio 2 (0.55. Plasma cholesterol and glucose concentrations were measured
in a 10ml non-fasting blood sample. Glucose concentration was not measured during the
whole screening period and was, thercfore, only available for 69% of the total cohort. A
six-lead electrocardiogram (ECG) was also obtained (leads I, II, III, aVR, aVL and aVF)

and coded using the Minnesola coding system.’'?
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Table 23 Renfrew-Paisley study data recorded at sereening

‘Questionnaire data .

- | Clinical measurements =~

Dcrivgx_i__‘ (_ia_ta

Sex I;-l-ood pmséhre Social class

Marital status Hei ghtm“ Deprivation category
Date of birth ~Tweight Body mass index
Occupation Sputum

Exercise Tinc test

Bronchitis Chest X-ray

Weather effect on breathing

Cardiothoracic ratio

Delailed questions on

smoking habit

Respiratory function, FEV1 ,
FVC

Rose angina questionnaire

ECG (Minnesota code)

Severe chest pain

Plasma cholesterol

Diabetes

Blood sugar™

Pasl history of hospital

admissions

Sodium ™7,

Stroke symptams

Potassinm®*

Asthma / hayfever

Oxygen saturation™

Years in present homet

Haemoglobin®

Carboxyhaemoglobin*

* Only available on some sui;jects
+ Renfrew only
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3.3.1.3 Stady follow-up

Flectronic linkage to hospital and death records is possible for all residents of Scotland, as
previously described. The Scottish Morbidity Record Scheme was used to retrieve details
of all hospital discharges (according Lo the eighth [a small number vl initial episodes) and
ninth revisions of the World Health Organisation International Classification of Diseases)
over the 20 years alter initial screening (i.e., surviving subjects were aged 65 to 84
yca1‘s).3°4 The occurrence and timing of admissions for acute myocardial infarction (ICID9
410), coronary heart discase (ICD9 410-414), heart failure (ICD9 425.4, 425.5, 428, 402},
deep venous thromibosis (ICDY 451.1) and pulmonary embolism (ICD9 415) (collectively
referred to as venous thromboembolism), aortic aneurysm (ICD9 441), airial (ibrillation
(ICD9% 427.3) and stroke (ICD9 430-438) was noted. These diagnoses, in combination with
a number of other less conmmonly recorded diagnoscs are collectively called cardiovascular
hospitalisations (ICD9 390-459). Emergency, transfers and elective admissions were
included in total hospital admissions. Deaths and their certified cause were obtained from

the General Register olfice for the same period.

3.3.2 Quality of the data

The self-completed health questionnaire at baseline screening was checked by experienced
interviewers at the screening examination. As discussed previously SMR data are
approximately 90% accurate in identifying the correct discharge diagnosis.”"” Death
certificate data has been shown previously to be virtually complete with no discrepancics
in coding compurisons of causes of death by the Registrar and by independent

physicjans.3 18

3.3.3 Organisation and extraction of the data

The Renfrew-Paisley study is centred at the Public Health and Health Policy Division in
University of (slasgow. Data pertaining to the initial and follow-up screening visits is held
in SPSS file format. A copy of original questionnaires and screening visit results for each
patient is also held. The cohort is updated for mortality on a three monthly basis including

full checks on the status (dead/alive) of the oldest participants. At the time of this study
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subsequent hospital admission data for the cohott were available for 20 years of follow-up
however this has subsequently been extended. In collaboration with Midspan staff a
dataspec was written which detailed the nature of the baselinc and follow-up data required

for the studies 1n this thesis.

3.3.4 Data cxtracted for present studies

Writien consent was given at the lime of the studies in the 1970s [or hospital records to be
looked at. Ethical permission was obtained [rom MREC and Argyll & Clyde LREC lor
linkage with the Scorttish Morbidity Records systeni. 'The Midspan Steering Committee
approved the studies. Permission was given by the Privacy Advisory Commiittee of ISD 1o

use the linked data.

Each patient record contamed all information available from the baseline questionnaire
{Tuble 23). Date of death and causc of decath until 30™ June 2001 were also included. In
addition the date of all hospitalisations and cause of all hospitalisations were also available

up until 30™

December 1995, Because of the different lengths of follow-up for death and
hospitalisations, all individuals were followed up until date of death or censorship. Date of
censorship was 20 years [rom (he dale of each person’s initial screening visit.
Using the Renfrew-Paislcy data I carried out two studies for this thesis.
1. A population study of the long-term consequences of angina: 20 year [ollow-up of
the Renfrew-Paisley study (Chapter 10)
2. Long-tcrm cardiovascular consequences of obesity: 20 year follow-up aof more than

15,000 middle aged men and women (e Renlrew-Paisley study) (Chapter 11)
Rose argina criteria

The standard Rose angina classification was used. '® The validity of the Rose angina
questionnaire has been {esled in studies comparing it to a clinical diagnosis of angina,
electrocardiogram abnormality, thallium scanning and as a predictor of coronary ariery

. o 1721
disease mortality,'”

In this classification, Grade T angina is defined as pain or discomfort
when walking uphill or hwrrying. Angina is classified as Grade 1T angina when the subject
also reports chest pain or discomfort when walking at an ordinary pacc on the levcl.
Angina is further classificd as “definite™ if, in addition, the pain is sited in the sternwm or

the Ieft chest and arm, causes the subject o stop or slow down and resolves within 10




minutes of the subject stopping or slowing down, If these additional criteria are not
satisfied, angina is classified as “possible”. For the purpose of this study, “angina™ was
defined us Rose grade [ and 11 “definite” angina and was not confirmed by further work up
or evalnation. Possible myocardial infarction (identified by a separate question on Rose
questionnaire as having ever experienced a severe pain across the [ront of chest lasting for

half an heur or more) was noted. The Rose angina questionnaire is shown in Figure 4.
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Figure 4 The complete Rose angina questionnaire
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Ischaemic ECG criteria

The following Minnesota codes were considered to represent ECG evidence of
“ischaemia”, 1.1-1.3 (Q waves), 4,1-4.3 (S'I" junction and segment depression), 5.1-5.3 (T

wave abnormalities) and 7.1 (left bundle branch block).*"?
Overweight and obesity criteria

According to baseline body mass index (BMI), subjects in the Renfrew/Tuisley Study werc
categorised into underweight (BMI < 18.5 kg/m®), normal (BMT 18.5-24.9 kg/m?),
overweight (BMI 25.0-29.9 kg/m?) and obese (BMI > 30 kg/m®). 2 Only he data for

normal, overweight and obese are presented.

3.3.5 Staltistical analysis

All tests of statistical significance were two tailed. All analyses were undertaken using the
Statistical Package for Social Scientists (SPSS Inc, Version 11.5, Chicago, 1llinois 60611).
Data were missing for social class in 409 (2.7%) cases and cholesterol in 124 (0.8%) cases.
Missing values for social class were replaced with the most common social class in each
sex and missing values for cholesterol were replaced with the sex specific mean
cholesterol. Data were missing in a small number of cascs for systolic blood pressure (n=7}

and adjusted FEV1 (n=11) however the availability of other variables was complete.

3.3.5.1 Angina

3.3.5.1.1 Descriptive sratistics

Men and women were analyzed separately and compared. Those with angina were
compared to those without angina. Because an abnormal ECG is recognised Lo be of
prognostic importance, subjects with ischaemic ECGs were analyzed scparately from those
without ischacmic ECGs and Lhe groups were compared.*” Therefore for men and women
there were four groups examined - 1} angina and an ischaemic ECG, ii) angina and no

evidence of ischaemia on ECG, iii} no angina and an ischaemic ECG and iv) no angina and



no cvidence of ischaemia on NCG. Categorical variables were compared using chi-square

test and confinuous variables were compared using Stadent t-test.
3.3.5.1.2 Survival analysis

Casc-latality and event rates were calculated over the 20-year follow up period using the
actuarial life table method. 17 (0.1%) patients were excluded from the survival analyses as

they had emigrated and their vital status was unknown.
3.3.5.1.3 Cox’s proportional hazards

Cox proportional-hazards regression models were used (o examine the relation between
Raose-positive angina (with and without an ischaemic ECG) and outcome. OQutcome
included all-cause death, death from cardiovascular causes, cardiovascular hospilalisalions,
cardiovascular death or hospitalisation. Age, blood pressure, cholesterol, prior history of
diabetes, number of cigarelies smoked per day (with an additional 0/1 variable for ex-
smoker), Rose myocardial infarction, adjusted FEV 1 and social class were adjusted for.
The adjusted risk of latal and non-fatal outcomnes in women with angina compared tc men
with angina was also examined. These were adjusted for age, ischaemic ECG, cholesterol,
systolic hlood pressure, adjusied FEV, smoking, social class, Rose myocardial infarction

and prior history of diabetes.

3.3.5.2 Obesity

3.3.5.2.1 Descriptive statistics

Baseline characteristics in different weight categories were compared using chi-square
tests for trend for categorical data and one-way analysis of variance for continuous data.
The expected number of hospital admissions or cardiovascular deaths in the overweight
and obese groups was calculaled by applying the mean admission rate or cardiovascular
case-fatality ratc per person in the normal weight group to the obese and overweight group.
The projected burden of obesity was estimated by applying age and sex specific rates of
cardiovascular events to the obese Scottish population in 1998 using the prevalence ol
obesity as estimated from the 1998 Scottish Health Survey.” Population rates were

caleulated using official age and sex specilic population cstimates for 1972 and 1998.%

3.3.5.2.2 Survival analysis
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Case-fatality and event rates were calculated over the 20-year follow up period using the

actuarial life tablc method.
3.3.5.2.3 Cox’s proportional hazards

Cox proportional-hazards regression models were used to examine the relation between
body mass index and outcome. BMI was modelled both as a continnous and a categorical
variable. The assumption of proportional hazards was tested by inspection of the Jog minus
log survival plots and this was satisfied. The lincarity assumption for BMI as a continuous
variable was assessed by [itting the models with added quadratic terms. Quadratic terms
were significant for death. In all other cases the lincarity assumption was satisfied. As
elevated body mass index can mediate its elfect on cardiovascular risk by promoting
atherogenic traits such as hypertension, diabetes and dyslipidacmia thereforc twao separate
multivariable analysis were run, the first adjusting for age, sex, adjusted FEV ), nnmber of
cigarcttes smoked per day, social class and the second in addition also adjusting for
systolic blaod pressure, past history of diabetes and cholesticrol. 17 (0.1%) patients (1
subject in the obese calegory) were excluded from the survival analyscs as they had

emigrated and their vital status was unknown,



4 PREVALENCE, INCIDENCE, PRIMARY CARE BURDEN
AND MEDICAL TREATMENT OF ANGINA IN
SCOTLAND: AGE, SEX AND SOCIOECONOMIC

DISPARITIES

4.1 Introduction

Angina is an important clinical manifestation of coronary heart disease. In addition in
patients with angina, the risk of future cardiovascular events can be reduced with

: . 322,323
aggressive secondary prevention. S

Despite this, both the contemporary cpidemioclogy
and primary care burden of this condition are remarkably poorly described. As evident
from chapter 1 most existing studics were conducted at least a decade ago. In addition the
majority examined sefected cohorts (e.g. male civil servants, with resultant under-
representation of women and the elderly) and used patient questionnaires (o diagnose

: 113:18:19:22;23,25
anglna.”bw” 2;23;2

One study, carricd out in 1984, uscd nitrate prescriplions as a proxy
for the diagnosis of angina.” Another study, conducted by the Northern Region Faculty of
the Royal College ol General Practitioners, did try and identify patients with a physician
reported diagnosis of angina.35 This survey, however, which took place in 1979 and
involved 51 gencral practitioners in the Newcaslle region in England, [ocussed only on

subjects aged 30-59 years.

Not only is the contemporary public health burden of angina poorly described but so is its

. N ~3.1723
treatment. With the emergence of new cvidence-based treatments, 7%

. . K =2 . . . .
nidelines *#%*%° and government directed national health-improvement programmes in
g p :

publication of

coronary heart disease”*®, the analysis of current preseribing patterns for angina is relevant
and topical. The CMR in General Practice scheme was used to give a more contemporary
picture of the epidemiology, primary carc burden and treatment of angina than existing

studies.
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4.2 Methods

The CMR angina dalabase was used as described in chapter 3.

4.3 Results

4.3.1 Prevalence

The overall prevalence of angina was 28 per 1000 in men and 25 per 1000 in women. The
prevalence of angina was lower in women than men at all ages (p<0.05). In men the
prevalence was extremely low in those under 45 (| per 1,000) increasing to 141 per 1,000
in those over 75 years. In women the prevalence of angina was 108 per 1,000 in those over
75 years. The highest prevalence in bolh sexes was in the age range 75-84 years. Though
the prevalence was higher in men than women, the greater number of elderly women in the
population meant that inore women than men aged 735 years or above had angina and that,

overall, almost as many women as men sulfered from angina. (Table 24)

The prevalence of angina increased with increasing socioeconomic deprivation from 18 per
1,000 in the least deprived group to 31 per 1,000 in the most deprived group i.e. socio-
economically deprived individuals had a 72% higher prevalence of angina than affluent
individuals (p<0.001 for trend). Similar significant trends were seen in men and woinen.
(Table 25)

Extrapolating [rom the CMR practices (o the whole of Scotland, the estimated number of
Scots with angina in 2001 was 133,131 (67,867 men), 68% of whom were 65 years and

over and 32% ol whom were 75 years and over.

4.3.2 Incidence

The overall incidence of angina for the year 2001/2002 was 1.6 per 1,000. The incidence

was higher in men (1.8 per 1,000} than in women (1.4 per 1,000). As with prevalence, the
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incidence of angina markedly increased with age from 0.1 per 1,000 in men less than 45
years, to 6.5 per 1,000 in men aged 65-74 years, and thereafter declined by 50% to 3.1 per
1,000 in men over 85 years. In women the incidence of angina also increased with age,
although it pcaked in the 75-84 year age group (5.8 per 1,000} and thereafter declined to
3.2 per 1,000 in thosc over 85 years, In those over 63 years, the incidence of angina was

6.1 per 1,000 in men and 4.7 per 1,000 in women. (Table 24}

The incidence of angina increased with increasing socioeconomic deprivation from 0.8 per
1,000 in the least deprived stratum to 2.2 per 1,000 in the most deprived stralum (p<0.001
for trend) i.c. socio-cconomically deprived men were twice as likely to develop angina and
socio-cconomically deprived women were three times more likely o develop angina
compared to alfluent men and women. (Table 25)

The estimated number of Scots presenting with angina for the first time in the year 2001
was, therefore, 8,099 (4,378 men), 53% of whom were aged 65 years or older and 23% of

whom were 75 years or older.

4.3.3 Contact rates

Onc year contact rates for angina were higher in men (13,7 per 1,000) than in women (12.3
per 1,000). Contact ratcs increascd with age. These were extremely low in thosc under 45
vears, increased 48-fold in men and 44-lold in women [rom less than 45 years 10 45-64
years and more than doubled again belween 45-64 years and 65 years or older. Contact
rates per 1000 population were highest in both sexcs in the age group 75-84 years. (Table
24) Men and women with angina had sboul 3 limes as many GP conlacls per year as those
without angina and, for men and women with angina, contacts for angina (as opposcd Lo

other reasons) accounted for approximately 1 in 20 of all GP contacts made.

On average, patients with angina saw their general practitioner 0.5 times per annum.
For both men and women, the highest number of contacts per patient with angina was in
the 45-54 year age band (0.8 in men and 0.7 in women), and aftcr this, in contrast with
prevalence and incidence, the number of contacts declined with age. Women aged 45-64

years and over 85 years had less contacts per patient per year than men (p<0.05).
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The number of contacts per patient with angina declined with increasing socio-economic
deprivation so that patients in the most deprived group were 33% less likely to see their

general practitioner on an ongoing basis compared to affluent patients. (Table 25)
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4.3.4 Concomitant medical conditions

The lop ten concomitant medical problems in patients consulting with angina are shown

Table 26. In both sexes, upper respiralory tract infection was the commoncst rcason for

n

general practitioner consultation and the most common concomitant diagnostic coding in

atients with angina (39% of men and 49% of women). Hypertension was the second most
P yp

frequently coded, reported in 34% of men and 42% of women. After adjusting for age,
women were more likely than men to have concoinitant respiratory problems (upper
respiratory tract infection p<0.001, ches( infection p<0.001, chronic obstructive airways
discase p=0.,035), hypertension (p<0.001), backache (p<0.001), dyspepsia (p<0.001} and
depression (p<0.001) and men were more likely than women (o have diabetes (p=0.003),

pain in limb (p<0.001) and myocardial infarction (p<0.001).

138




6t1

(#°0) SPL (8°0) OL¥1T (6°L) LSE (0°ET) LYY
(1'27) 9g6¢ (S7) 8ESH (I'11) 10S (€€1) 199
(+'2) 199 (T2 6¥6¢ (6°€1) 679 (TT1) 609

(0°01) LEPST (€7) 9608 (0'81) 918 (S'6) vLt
(S'8) 0091 (#'L) OLTET (¥'LD) €¥T1 (6T Kl
(1'8) 608%1 (1°9) S¥601 (T'TE) 8SP1 (6°S7) 1621
(0°€T) ¥STET (6'91) 1LOTE (L'¥E) OLST (L°S2) 6LT1
(0'%1) 0L9ST (€°01) €TE8T (SP€) 1951 (L'92) OEE1
(S°01) €861 (0°'8) ZETKI (0'Zh) +061 (6°€€) S891
(6'1%) 1069L (€£°T€) 0T9LS (1°6¥) ¥2TT (¢'8¢) S161
(%) N
(6SLEST=U) (96£8LI=1) (1gsp=u) (LL6Y=1)

UILIOA WA UDWOA W\ ssauj/uonipuo))

mendod 3onoe1d YN [#10], syuaned euidue YO

7007 Yd1ey Surpud Jeak (Ssauf[i/uonipuod paynads yimm udas syuaned euidue jo uontodosd 97 dqe],




4.3.5 Pharmacological treatment

‘Fable 27 shows the medications prescribed for patients with angina, stratified by age and
sex. A B-blocker was prescribed for 49%, a calcium channel blocker for 43%, a nitrate for
56%, an ACE inhibitor, an angiotensin receplor blocker or both for 33%, a statin for 50%

and an antiplatelet agent for 71%.

‘There were significant sex differences in prescribing. Of men, 52% were prescribed a [3-
blocker, 44% a calcium channel blockers, 72% aspirin, 54% a statin, 36% an ACE
inhibitor or an angiotensin receptor blocker and 20% “optimal evidence-based medication™
(1.e. all of an antiplatelet medication, statin and an ACE inhibitor). The corresponding
prescription rates for women were 46% (p<0.001), 41% (p=0.02), 69% (p<0.001), 45%
(p<0.001), 30% (p<0.001) and 14% (p<0.001). The prescription rates were lower if prior
history of myocardial infarction was exclude with 17.3% of men and 12.0% of women
receiving optimal evidence-based medication, compared to 35.8% (30.5% men and 34.5%
women) with a previous myocardial infarction. On multivariable analysis after adjusting
for age, deprivation, GP practice and co-morbidity, compared to men, women were less
likely to be preseribed a B-blocker (OR 0.86 95%C1 0.78, 0.93), a calcium channel blocker
(OR (.85 95%CI10.78, 0.93), an antiplatelet agent (OR 0.82 95%CI 0.74, 0.90), a slatin
(OR 0.83 95%C10.76, 0.91), an ACE inhibitor and/or angiotensin receptor blocker (OR
0.69 95%CI 0.63, 0.76) and optimal evidence based medications (OR 0.68 95%CI 0.60,
0.76).

There were also significant age-related differences in prescribing. A B-blocker was
prescribed for 52% of those less than 75 years compared to 42% of those aged 75 years
and over (p<0.001). Sunifarly, younger patients were more likely to be prescribed a statin
(58% <735 years compared to 31% =75 vears, p<0.001) and optimal evidence-based
treatment (19% <75 ycars compared 10 12% =735 years, p<0.001). Older patients were
more likely 1o be prescribed a nitrate (61%) and warfacin (8%) comparcd (o younger
patients (54% [p<0.001] and 5% [p<().001], respectively). On multivariate analysis, men,
73 years and over were less likely to be prescribed a [3-blocker (OR .67 95%CI 0.59,
0.78), a statin (OR 0.30 95%CI (0.26, 0.34), an ACEI and/or angiotensin receptor blocker
(OR 0.76 95%CI 0.65-0.89)