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SUMMARY

Introduction

Coronary heart disease (CHD) is the largest cause of mortality in the United Kingdom
(UK), accounting for over 120,000 deaths annually. Like most developed countries,
UK mortality rates from CHD have been falling since the 1970s. These trends need to
be explained in order to explore different policy options for CHD prevention.

Objectives
The objectives of this thesis were:

1. To document and critically review CHD data, and define the burden of CHD
mortality and morbidity in England and Wales;

2. To explain most of the recent fall in CHD mortality in England and Wales;

3. To estimate the life-years gained by modern cardiological treatments, and by
changes in cardiovascular risk factor levels;

4. To examine the potential benefits of increasing the uptake of cardiological
treatments;

5. To estimate the potential benefits of reducing cardiovascular risk factors in England
and Wales.

Methods

All potentially relevant CHD data were identified, critically reviewed, and then used to
assess the burden of disease for England and Wales. The main data sources were
official statistics, clinical audits, national surveys and peer-reviewed publications.

The cell-based IMPACT Mortality Model, previously validated in Scotland, New
Zealand and Finland was extensively developed and refined to synthesise data for
England and Wales describing: a) CHD patient numbers, b) uptake of specific medical
and surgical treatments, c) treatment effectiveness d) population trends in major
cardiovascular risk factors, and e) effectiveness of risk factor changes, using published
trials and meta-analyses.

"Analysis of extremes’ sensitivity analyses were performed in each study.

Results

CHD data were surprisingly patchy and mixed in quality. In 2000, an iceberg of disease
was demonstrated in the England and Wales population of 51million, with
approximately 60,000 patients undergoing revascularisation each year, almost 3 million
patients living with CHD and over 32 million possessing one or more elevated risk
factors.

Between 1981 and 2000, England and Wales CHD mortality rates fell by 62% in men

and 45% in women aged 25-84. This resulted in 68,230 fewer deaths in 2000, when
compared with the 1981 baseline. Approximately 42% of this mortality fall was



attributable to treatments in individuals (including 8% from initial treatments of acute
myocardial infarction, 11% from secondary prevention, 13% from heart failure
treatments, and 3% from hypertension treatments). Some 58% of the mortality fall was
attributable to population risk factor reductions (principally smoking 48%, blood
pressure 9.5% and cholesterol 9.6%). Adverse trends were seen for obesity, diabetes
and physical activity. Overall, the model explained approximately 96% of the mortality
fall in men, and 79% in women.

The 68.230 deaths prevented or postponed in 2000 corresponded to approximately
994,610 life-years gained. Specific treatments for CHD patients gained approximately
194,145 life-years (minimum estimate 142,500, maximum estimate 259,220).
Population changes in the major risk factors (smoking, cholesterol, blood pressure)
accounted for over three times as many life-years gained (approximately 800,465,
minimum estimate 602,690, maximum 879,420). Adverse changes in physical activity,
obesity and diabetes resulted in a loss of approximately 92,600 life-years (minimum
68,350, maximum 100,760).

In 2000, all medical and surgical CHD treatments together prevented or postponed
approximately 25,760 deaths. However, treatment uptakes were generally poor,
between 30% and 60%. Increasing treatment uptake to reach 80% of eligible patients
(the NSF CHD target) would have prevented or postponed approximately 20,910 further
deaths (minimum 11,030, maximum 33,495), almost doubling the actual gain from
therapies.

Using 2000 as the baseline, continuation of recent risk factor trends should result in
approximately 15,145 fewer coronary deaths in 2010 (min 12,170, max 1 7,290).
However, achieving the modest additional risk factor reductions already seen in the
USA and Scandinavia could potentially result in approximately 51,185 fewer deaths in
2010 (minimum 39,395, maximum 72,330).

Conclusions

Coronary heart disease represents a massive burden of disease in England and Wales.
Recent falls in CHD mortality rates reflect a combination of risk factor improvements
and modern therapies. However, much greater mortality reductions appear possible.
Future strategies should therefore maximise the delivery of appropriate therapies to all
eligible CHD patients. Most crucially however, effective policies for tobacco control
and healthy nutrition might potentially halve current CHD deaths in England and Wales.
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1 INTRODUCTION

Cardiovascular diseases (CVD) are the most common causes of death among both men
and women in all developed countries. It is estimated that coronary heart disease
(CHD) will be the largest single cause of disease burden globally by the year 2020'.
CHD causes over 120,000 deaths in the UK annually, 26% of all premature deaths in

men and 16% in women®.

Increasing health care demands require policy decisions based on good evidence,
particularly since resources are limited. By combining local data with trial based
effectiveness, models can potentially offer increased transparency to the decision
making process (provided their assumptions are clearly stated)’. Models have been
extensively used in policy making and resource allocation, since they allow policy

makers to simulate the effects of different scenarios within a population.

In 1996, Capewell and colleagues developed and refined a CHD mortality model
(IMPACT) combining data from many sources on patient numbers, treatment
effectiveness and risk factor trends to estimate the deaths prevented or postponed
(DPPs) over a specified time period*. Initially, the IMPACT Model was used to
examine the CHD mortality declines over a 20 year time period and estimate the
proportion that could be attributed to falls in various risk factors or specific treatments.
The IMPACT model was first validated against the actual mortality fall observed in

Scotland, and then replicated in New Zealand”.

In collaboration with the National Public Health Institute (KTL) in Helsinki, Finland,
validation and development of the model then progressed, using high quality linked data
on deaths and hospital activity, plus MONICA data on risk factors.

While interesting and useful, these projects highlighted various limitations of the
original IMPACT methodology. As well as further developing and refining the
IMPACT model, it was clearly desirable to apply it to England and Wales using local

data, before using the basic model in a variety of further projects.
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1.1 AIM
To achieve a refined coronary heart disease model, which
a) explains most of the recent fall in CHD mortality in England and Wales
b) quantifies the years of life gained by such mortality falls,
¢) explores potential gains from medical and surgical treatments and
d) compares potential gains from future changes in cardiovascular risk factors

in order to explore future policy options for CHD prevention.

1.2 OBJECTIVES

1. To identify, select and review critically CHD data from various national and local

UK sources
2. To define the burden of CHD in England and Wales using the existing data

3. To update and transform the original Scottish IMPACT Model (1975-94) into an
English IMPACT Model, and incorporate relevant English and Welsh data.

4. To explore, test and develop a variety of methodological refinements to the existing

CHD IMPACT Model, including:
— reviewing B coefficients for smoking, cholesterol and blood pressure
— seeking B coefficients for diabetes, obesity and physical activity

5. To explain most of the recent falls in CHD mortality in England and Wales

6. To estimate the life-years gained attributable to modern cardiological treatments,

and to changes in cardiovascular risk factor levels.
7. To estimate the potential benefit of increasing the uptake of effective cardiological

treatments.

8. To estimate the potential for cardiovascular risk factor changes to reduce CHD

deaths in England and Wales by 2010.

—
L2



2 CORONARY HEART DISEASE EPIDEMIOLOGY

2.1 CORONARY HEART DISEASE: Definition

The term ‘coronary heart disease’, also known as ischaemic heart disease, covers a
group of clinical syndromes that includes angina pectoris, acute myocardial infarction
(fatal and non-fatal) and sudden cardiac death. It may also include those forms of heart
failure resulting from ischaemic heart disease. The common underlying pathology is
atherosclerosis of the coronary arteries. One or more atheroma plaques grow beneath
the coronary artery endothelium. This atheroma expansion results in narrowing of the
lumen and may progress to rupture of the endothelial surface, thus triggering thrombosis

and hence partial or complete occlusion®.

2.2 CARDIOVASCULAR RISK FACTORS

The concept of ‘risk factors’ refers to any characteristic, which increases the probability
of an individual developing CHD. Risk factors can be fixed or modifiable. This concept
was first developed during the early epidemiological studies of CHD’. The principal
fixed risk factors are age, sex and family history®. Modifiable biochemical and
physiologic factors relate to environment and lifestyle, these include potentially
alterable personal characteristics such as smoking, high blood pressure, hyperlipidemia
and diabetes. These modifiable factors can then be targeted by interventions aiming to

prevent CHD in individuals, or in the population.

2.2.1 Age

In industrial countries, absolute risk for CHD increases exponentially with age in both

9-11

men and women™  as the result of progressive accumulation of coronary atherosclerosis

with ageing. For example, among British men, there is a 2-3 fold increase in mortality

rate with each additional decade'?.

2.2.2 Sex

There is a striking difference in CHD mortality between men and women. Death rates
among women lag behind those of men by approximately 10 years, more so in younger
age groups'. This difference diminishes with increasing age, so that women aged 85

years or over have almost the same mortality rate as men'>. Women are apparently
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protected to some degree by their hormonal function, but this protection diminishes
progressively during and after menopause'?. However, it is worth emphasising that the
sex differences in CHD are complex, and probably cannot be explained purely on an

endocrine basis®.

2.2.3 Smoking

Tobacco smoking is a powerful risk factor for CVD. Compared with non-smokers male
and female smokers demonstrate at least a two fold increase in the incidence of CHD'*
' Relative risk is even higher, four or five fold, in younger groups'’. Smoking
predisposes to CHD in several ways. Partly through enhanced thrombosis (blood

20 and coronary plaque

clotting)'®, and also by promoting atherosclerosis
development®. If the main effect of smoking is thrombogenic rather than
atherosclerotic, it would be plausible to expect that risk might rapidly decline followin g
smoking cessation. Among persons with previously diagnosed myocardial infarction or
CHD, smoking cessation reduces the risk for recurrent heart attack and mortality by
40% within two years®2. However, the 1990 US Surgeon General’s Report states that
although the risk is halved within 1-2 years, risk only returns to that of a non-smoker
after 15 years of abstinence®. Hence, all these mechanisms appear potentially

important.
2.2.4 Blood Pressure and Hypertension

There is a continuous relationship between the level of blood pressure and the risk of
cardiovascular events®. The mechanism whereby hypertension increases coronary
events results from both the direct vascular injury which promotes atherogenesis, and
also from its effects on the myocardium, including wall stress and increased myocardial

oxygen demand®.

Both systolic and diastolic blood pressure levels show a strongly positive log-linear
relationship with CHD**. Overall, a two to three fold increase in CHD rate is apparent in
hypertensive groups compared to normal blood pressure groups*. In the British
Regional Heart Study a two-fold increase in risk of CHD was evident at a systolic blood
pressure of over 148 mmHg, with little or no gradient of risk apparent below this

level*®. However, more recently the Prospective Studies Collaboration analysed
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outcome in over one million subjects. A threshold was difficult to detect. They found

risk extended down to 75 mmHg diastolic blood pressure®’.

However, the arbitrary definition of hypertension has contributed to a plethora of
statements issued by national and international authorities over the decades. Although
the International Society of Hypertension recently defined ‘hypertension’ as a systolic
blood pressure of >140 mmHg and/or a diastolic blood pressure > 90 mmHg in people
not taking antihypertensive medicationzs, this is unlikely to be the last word on the

subject.
2.2.5 Serum Lipids

Total cholesterol and a variety of lipid sub fractions have been consistently reported to

increase CHD risk.

Total Cholesterol

In most population studies, mean total cholesterol increases with age, mainly between
the second and fifth decades. Framingham and other US studies traditionally suggested
a total cholesterol level <200 mg/dl as desirable (<5.2 mmol/l), 200 to 239 mg/dl (5.2-
6.2 mmol/l) as "borderline-high" and 240 mg/dl (6.2 mmol/l) or over ‘high’ for both
men and women®’. However, serum total cholesterol levels are associated with a

continuous log-linear graded CHD risk to below 160 mg/dl (<4 mmol/1)*’.

Law and colleague’s meta-analysis estimated that a change in plasma cholesterol of 0.6
mmol/1 (about 10%) is associated with an overall change of approximately 27% in
mortality from CHD in cohort studies, international comparisons and RCTs of lipid
lowering in men®'. A strong age gradient was also observed; a change in serum
cholesterol concentration of 0.6 mmol/l was associated with a change in incidence of
ischaemic heart disease of 54% at age 40 years, 39% at age 50, 27% at 60, 20% at 70,
and 19% at 80,

Low Density Lipoprotein Cholesterol (LDL-C)

LDL-C is the major fraction of total cholesterol and increases with age, a saturated fat
rich diet, and obesity. In the US, the National Cholesterol Education Program (NCEP)
Adult treatment panel II has stratified the risk of LDL-C levels as > 160 mg/dl (or >4.1



mmol/l) being ‘high risk’; 130-158 mg/dl (or 3.4 mmol/I - 4.1 mmol/l) being ‘borderline
high risk’; and <130 mg/dl (or <3.4 mmol/l) being a ‘desirable LDL-C%°,

LDL-C has a stronger association with CHD than total cholesterol, and is sometimes
used as the primary target for cholesterol-lowering therapy?. Therapeutic lowering of
LDL-C appears highly effective in primary and secondary prevention. In a recent large
study, a 35% reduction in LDL-C lowering with the HMG-CoA reductase inhibitor,
simvastatin, reduced coronary mortality by 42% and total mortality by 30%>".

A substantial benefit from LDL-C lowering is also reported in primary prevention, with
a 1% change in LDL-C level being associated with 2% or 3% change in CHD risk®.
Thus in a meta-analysis of primary prevention trials, lipid lowering drugs reduced the
odds of a CHD event by 30%*.

High Density Lipoprotein (HDL-C) Cholesterol

HDL-C is protective against CHD. HDL-C is generally increased by regular exercise, or
moderate alcohol consumption®. Despite the strong epidemiological association, the
biological mechanisms underlying the HDL-CHD link remain poorly understood. Some
researchers propose that HDL-C attenuates the atherogenicity of LDL-C; if so low

levels of HDL-C may directly promote atherogenesis.

The NCEP? defines 3 categories of HDL-C: low (<35 mg/dl or <0.9 mmol/l), normal
(35 to 60 mg/dl or 0.9 to 1.6 mmol/l), and high (>60 mg/dl or >1.6 mmol/l). The NCEP
classifies low HDL-C as a major risk factor; conversely, a high level is considered a

"negative" (protective) factor’.
Lipoprotein a

Lipoprotein (a) (Lp a) consists of an LDL-C particle bound by a disulfide bridge to
apolipoprotein (a), a structure resembling plasminogen. Lp (a) demonstrates genotypic
and phenotypic variation, which then affects plasma LDL-C levels. A high level of
Lp(a) (>0.30 g/1) is an important risk factor for premature atherosclerosis and CHD 3¢.
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Apolipoprotein A-I (Apo-AI) and Apolipoprotein B (Apo B)

Apo-Al is a lipid- binding protein and is the major component of HDL. Apo-Al
stimulates cholesterol removal from cells and it has antioxidant activity, which prevents

atherosclerotic damage”’.

Apo B is the main apolipoprotein of chylomicrons and LDL. It is a measure of small,
dense LDL particles known to be more atherogenic than LDL. Some mutations in Apo
B genes reduce LDL affinity for the LDL receptor. This delays the clearance of LDL

from the plasma resulting in hypercholesterolemia and premature atherosclerosis™.
Triglycerides

Elevated triglyceride levels have been variably associated with an increased risk of

CHD in men and women’

%4 In univariate analyses, triglyceride often emerges as a
positive risk factor for CHD. However, in multivariable analyses it frequently appears

not to have an independent association with CHD*'.
2.2.6 Diabetes and Glucose Intolerance

Diabetes is an independent risk factor for CHD*"**2. Glucose intolerance is an
intermediate state between ‘normoglycemia’ (a fasting blood glucose level less than 110
mg/dl or a random blood glucose level less than 140 mg/dl) and frank diabetes. Current
evidence suggests that development of glucose intolerance or diabetes is initiated by
insulin resistance and is worsened by the compensatory hyperinsulinemia. The
progression to type II diabetes is influenced by genetics and environmental factors that

promote obesity such as a sedentary lifestyle and dietary habits*.

Patients with diabetes demonstrate an increased risk for CHD. Although CHD can occur
at very young age in insulin dependent (Type I) diabetes, type II diabetes is far more
common. In the Framingham Study the risk ratio for CHD was 2.4 (p<0.05) in men and
5.1 (p<0.01) for women with diabetes**. Up to 80% of adult diabetic patients die of
CVD, and 75% of these deaths are caused by CHD*’. In addition to the independent
risk factor, hyperglycaemia, and insulin resistance, patients with diabetes commonly
have other cardiovascular risk factors (e.g. hypertension, low serum HDL-C, high LDL-

C and high triglyceride); these additional risk factors increase CHD risk in many

diabetic patients*®. Type II diabetes is sometimes considered part of a dysmetabolic
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syndrome (Syndrome X) that includes insulin resistance, hyperinsulinemia, obesity,

hypertension, and dyslipidemia.

In diabetic patients, myocardial ischemia due to coronary atherosclerosis more
commonly occurs without symptoms such as anginal pain*’. As a result, multivessel
atherosclerosis may be present before ischaemic symptoms occur and hence before
treatment is instituted. The delayed recognition of various forms of CHD undoubtedly

further worsens the prognosis for many diabetic patients.
2.2.7 Other Risk Factors

There are many more risk factors, which may increase the likelihood for developing

CHD apart from the major risk factors summarised above. These risk factors include
physical inactivity, family history of premature CHD, obesity, diet, antioxidants, the
Barker effect, the life course, increased serum homocysteine, and abnormalities in

coagulation factors.

Obesity

Obesity, defined as a body mass index (BMI)>30, is widely used as a measure of body
fatness in surveys4s. The increasing prevalence of obesity in many countries is now
considered a pandemic; in Britain, over half the adult population are currently

overweight or obese*.

Visceral or central abdominal obesity, which can be quantified by the waist to hip ratio
has been shown to increase CHD risk". Desirable waist to hip ratio appears to be <0.9

for men and <0.8 for women®’.

Obesity is associated with other major cardiovascular risk factors, including
hypertension, diabetes, dyslipidaemia, and physical inactivity. Much of the increased
CHD risk associated with obesity is mediated by these associations. However in several
prospective studies obesity was found to be a significant independent risk factor for
CHD incidence®™'. An ongoing analysis of Prospective Studies Collaboration suggests
that CHD risk is increased by approximately 10% for each 5 kg additional weight
(Personal Communication Gary Smith, PSC, Oxford).














































































































































































































































































































































































































































































































































































































































































































































































