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Abstract

The main aim of this thesis is to investigate the role of computerised record linkage in
clinical trial and epidemiological follow-up. This is illustrated using the West of
Scotland Coronary Prevention Study (WOSCOPS). This study is placed in context by
reviewing the results of previous clinical trials and epidemiological studies. Details of
the probabilistic basis for record linkage techniques and the practical methods used to
set up a computerised record linkage system are also given. The above ideas are brought
together in the application of record linkage techniques, as employed in the Scottish
Record Linkage System, to link the WOSCOPS subjects to their morbidity and mortality
records on the Scottish national databases. The data resulting from the linkages are
considered in various ways. A comparative study was carried out for the subjects
randomised into WOSCOPS. The availability of two separate adverse event databases,
one produced by routine subject follow-up and the other derived by computerised record
linkage, provided a unique opportunity to assess the completeness and accuracy of each
of the follow-up methods, and the benefits of a system incorporating both methods. This
study found that record linkage compared well with traditional methods of follow-up in
terms of completeness, accuracy, speed and cost. Record linkage provided the only
feasible method by which adverse event records could be obtained for the large cohort
of subjects screened for WOSCOPS. The data for the screened cohort were analysed in
relation to categories of baseline risk factors. Data were categorised to maintain subject
anonymity since informed consent was not available for all screenees. Analysis of this
large cohort provided results which were in agreement with the previous studies. The
mortality rates observed for the screened cohort using record linkage were finally
compared to the mortality rates for the general population in the screening area. This
provides an assessment of how representative the screened cohort is of the general
population. It was found that the general population in the screening area tended to have

higher mortality rates than the screened cohort.
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Chapter 1

Introduction

1.1 Risk factors for coronary heart disease

1.1.1 Overview

Coronary heart disease (CHD) became a disease of epidemic proportions in the West as
economic development progressed and deaths due to infectious diseases decreased
(Marmot, 1992). In the UK this transition occurred in the 1920s. CHD and cancer
combined caused approximately the same number of deaths as infectious diseases in
1921, but by 1931 they had become the major causes of death in both men and women.
However, in the West, coronary heart disease is now in decline (Figure 1.1), particularly
in higher socio-economic groups, while it is on the increase in developing countries,
with Eastern Europe now showing the same decline in life expectancy that Western
Europe did until the 1950s and 1960s (Marmot, 1992). The observed decrease in CHD
in the higher socio-economic groups in Western Europe is thought to be mainly due to
decreases in dietary cholesterol and saturated fat intake, decreases in cigarette smoking,
decreases in blood pressure levels due to increased use of antthypertensive drug
treatment, and increased leisure time physical activity in the more educated population

strata.
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Figure 1.1 Trend in coronary heart disease deaths in Scotland for Males and Females age 45-64

from 1980 to 1993 (Data from Annual Reports of the Registrar General for Scotland).

Risk factors for coronary heart disease which are unmodifiable include age, sex and a
family history of CHD. Older men with a family history of CHD are at greater risk.
Diabetes is also a risk factor although it is of much lower prevalence in the population
than the other risk factors. Other coronary heart disease risk factors are modifiable.
These include cigarette smoking, hypertension, obesity and elevated blood cholesterol.
Hypertension, obesity and serum cholesterol are all influenced by ‘rich diet’. Experience
in Japan has shown that in the absence of ‘rich diet’ there is no CHD epidemic, even
with high rates of smoking. The risk of coronary heart disease increases substantially
when several factors are present. It is now acknowledged that coronary heart disease is a
multifactorial process, with no one factor strictly determinative, essential or sufficient
alone to produce the disease. In every instance, the risk associated with any factor has
been found to vary according to the combination of other risk factors present. Thus a
combined approach to the risk factors would seem to be sensible since they are
frequently found clustered together. The major risk factors appear to be aetiological
because they are strong and dose-related, predictive in a variety of population samples,
independent of other risk factors, pathogenetically plausible and supported by clinical
investigations (Inter-Society Commission for Heart Disease Resources, 1984). For

example, the strength, consistency and graded nature of the relation between plasma



3
cholesterol and mortality from CHD make any explanation of the link other than a

causal one extremely unlikely (Marmot, 1994). The size of the association between
cholesterol and CHD mortality becomes even larger after correction for regression
dilution bias, which arises from the random fluctuation of serum cholesterol
concentration in subjects over time, and the surrogate dilution effect, which arises from
the close relationship between total cholesterol concentration and low-density
lipoprotein (LDL) cholesterol concentration (Law, Wald, Wu et al, 1994). The following

sections will discuss each of the main CHD risk factors in greater detail.

1.1.2 Cholesterol

At all ages, the atherogenic potential of serum total cholesterol has been shown to derive
from the LDL cholesterol fraction which is positively related to CHD incidence
(Kannel, 1983). LDL cholesterol and high-density lipoprotein (HDL) cholesterol are the
2 main components of total serum cholesterol. LDL normally accounts for between 60
and 80 per cent of total serum cholesterol. It picks up cholesterol in the gut and dumps it
in tissue, leading to a build-up of deposits. LDL cholesterol is known to transfer from
plasma to the arterial wall at a rate which is directly related to its plasma concentration
(Lewis, 1992). LDL cholesterol can be lowered slightly by diet, but large decreases
require drug intervention. HDL normally accounts for between 15 and 25 per cent of
total serum cholesterol, and it’s role is to pick up cholesterol and transport it to the liver,
so that it is flushed out of the body. HDL cholesterol has been shown to be inversely
related to CHD incidence, which is consistent with it’s metabolic role in removing
cholesterol from the tissues (Kannel, 1983). HDL levels can be increased by exercise
(Goldberg, 1989). Reflecting this 2-way traffic in cholesterol, the ratio of total to HDL
cholesterol has been shown to be an efficient and convenient measure of lipid risk
profile (Kannel, 1983) and a strong predictor of mortality (Goldbourt et al, 1985). The
remaining component of total serum cholesterol is very-low-density lipoprotein (VLDL)
cholesterol. Triglyceride is another important lipoprotein. It makes up most of the
dietary fat consumed in industrial nations, and has been shown to be an independent risk

factor for CHD in women, although it is not such a powerful predictor in men,
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particularly after adjustment for HDL cholesterol levels with which it is correlated

(Thelle, 1991).

Total serum cholesterol levels also rise with age. For women, the gradient of this rise
increases sharply around age 35, while for men the slope levels off around age 45, as

can be seen from Figure 1.2.
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Figure 1.2 Mean total cholesterol levels according to age and gender (Data from the National Health and

Nutrition Examination Survey II (Fulwood et al ,1986)).

In general, women have higher concentrations of HDL cholesterol than men (10 mg/dl
or 0.26 mmol/l higher on average) which change little with age (Harlan and Manolio,
1992), and lower concentrations of LDL cholesterol until the menopause. This leads to
women being exposed to cholesterol risk later in life than men, with coronary heart
disease occurring an average of 7-10 years later in women than in men (Hulley et al,
1992) (see also the death rates for 45-64 year old men and women in Figure 1.1). After
the menopause, the combination of rising LDL cholesterol and unchanging HDL

cholesterol creates a less favourable risk profile for women. Post-menopausal oestrogen
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replacement therapy has been shown (in the Lipid Research Clinics Program Follow-up

Study) to increase HDL cholesterol and lower LDL cholesterol, leading to 40-50%
fewer CHD events and lower overall mortality (Bush et al, 1987) but there may be other
risks associated with this therapy.

Published studies vary in their units of cholesterol measurement. For reference:

1 mg/dl = 0.026 mmol/l

The British Hyperlipidaemia Association has issued guidelines on strategies for
reducing coronary heart disease, and desirable limits for blood lipid concentrations
(Shepherd et al, 1987). The recommended total cholesterol concentration is one below
5.2 mmol/l (200 mg/dl). Any subject in the general population with cholesterol level >
5.2 mmol/l should receive dietary advice, >6.5 mmol/l (250 mg/dl) should receive
clinical supervision and possibly drug intervention, although drugs will be required
mainly by patients with cholesterol level > 7.8 mmol/l (300 mg/dl), most of whom will
suffer from familial hypercholesterolaemia.

Cholesterol measurement alone would not make an optimal screening test to detect
those at high risk of CHD because of the substantial overlap between the relative
frequency distributions of cholesterol levels for those who do and do not develop CHD
(Pooling Project Research Group, 1978). Stress, dietary variation, acute illness, seasonal
effects, posture and aspects of the blood sampling technique can all cause changes in
cholesterol levels (Gordon et al, 1987; Hegsted and Nicolosi, 1987). It has been
estimated that for cholesterol measurements taken one year apart, with no concurrent
lipid intervention, the within-person coefficient of variation is 7%, compared with a

between-person coefficient of variation of 15% (Thompson and Pocock, 1990).

1.1.3 Smoking

Cigarette smoking is also a major risk factor for coronary heart disease although it may
be of less primary importance than dietary factors. The Seven Countries Study (Keys,
1980) found that smoking was a strong risk factor for CHD mortality and incidence in

the USA, but only a weak risk factor in Japan. The strength of smoking as a risk factor
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may be related to the background level of risk as determined by diet and levels of

plasma lipids. Cigarette smoking has a greater influence in men than women and it’s

effects appear to be reversible on cessation (Kannel et al, 1984).

1.1.4 Fibrinogen

It is said that about half of the risk associated with cigarette smoking could be attributed
to higher levels of plasma fibrinogen. Each standard deviation increase in fibrinogen has
been found to be associated with a 1.6-fold increase in CHD incidence, a risk ratio close
to that observed for cholesterol (Kannel, 1992). Fibrinogen and factor VII are two of the
main determinants of the formation of clots, and thus influence thrombosis. They have
been shown to be strong and independent risk factors for CHD in middle-aged
populations (Harlan and Manolio, 1992; Kannel et al, 1987). High fibrinogen levels
increase viscosity, enhance platelet aggregability and contribute to the development of
atheroma, at least in its more advanced stages (Meade, 1987). The main environmental
determinant of fibrinogen levels is smoking, with which there is a dose-response
relationship (Wilkes et al, 1988), although fibrinogen levels are also associated with
increased CHD risk in non-smokers (Meade et al, 1986). Thrombosis-related
mechanisms can also be favourably influenced by dietary intake of fish oil. Fish oil also
affects serum lipids, with the greatest changes occurring in the lowering of triglyceride

levels (Elwood, Burr and Sweetman, 1992).

1.1.5 Diabetes

The relative risk of CHD incidence in diabetics compared to non-diabetics has been
found to be higher in women than in men (Kannel, 1985), so that, for diabetics, the sex
differences in CHD risk are virtually abolished. In men, this relative risk of CHD for
diabetics compared to non-diabetics has been estimated as 2.4, while in women it was

5.1. Risk levels become even higher if the diabetes is insulin-dependent.



1.1.6 Obesity

Obesity, defined as an excess of body fat, frequently results in a significant impairment
to health. The most simply measured and widely used index of body fat is Body Mass

weight
2

Index, BMI = . This is also known as Quetelet’s index and is strongly

height
correlated with more direct estimates of body fatness such as body density (Keys et al,
1972) or total body potassium (Larsson et al, 1981). Studies of large cohorts have found
a U-shaped relationship between obesity and all-cause mortality (Larsson, 1992) with
the optimum BMI being between 22 and 29 kg/m? for middle-aged subjects. Thinness is
associated with mortality from obstructive lung disease, tuberculosis and stomach and
lung cancer (Waaler, 1983), while the association between obesity and longevity has
shown conflicting results due to short follow-up and small studies (Manson et al, 1987).
Most larger studies have found general obesity to be an independent risk factor for CHD
in both men and women (Rissanen et al 1989; Manson et al 1990), although obesity is
also important through its close links with the development of other risk factors over
time, including an association between obesity and smoking, and the obvious
relationship between obesity and cholesterol levels via diet. Some recent studies have
suggested that abdominal obesity (sometimes estimated by abdominal skinfold
thickness) may be more closely related to CHD than general obesity (Hartz et al, 1990),
with relative risks for abdominal obesity indicating almost as strong a risk as for the

major CHD risk factors.

1.1.7 Lack of Exercise

Vigorous physical activity, especially aerobic exercise, has been associated with lower
CHD incidence in a wide variety of populations (Morris et al 1980; Donahue et al 1988;
Leon et al 1987). Adequate, habitual aerobic exercise in leisure time improves cardio-
respiratory fitness and performance and thus confers protection against the occurrence of

CHD. Its effect mainly relates to the acute phases of the disease, such as thrombosis,
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although it is also of some benefit in counteracting standard risk factors (Morris, 1992),

for example its role in raising HDL cholesterol levels. (Goldberg, 1989)

1.1.8 Blood Pressure

Despite the strong independent effects of blood pressure on CHD incidence, controlled
trials have been inconclusive (MacMahon et al, 1986). This may be due to the
antihypertensive agents used having adverse effects on other CHD risk factors, which
cancel out the benefits of reduced blood pressure (Poulter, 1991). Exposure to blood
pressure risk can also be influenced by salt intake, obesity and alcohol intake. It is
thought that diastolic blood pressure is more closely related to cardiovascular disease
before age 45, while systolic blood pressure is a better predictor after age 45 (Darne et

al, 1989).

1.1.9 Alcohol

There has been some evidence from recent studies that alcohol consumption may have a
‘protective’ effect in lowering coronary heart disease risk. Hartung et al, (1983),
suggested that this effect may be due to higher levels of high density lipoprotein in
drinkers. This must however be balanced against the increased risk of death from other
causes with high alcohol consumption. Alcohol raises HDL cholesterol, but this benefit
may be offset by induced rises in blood pressure and triglyceride. There are problems
with the measurement of alcohol consumption in that it may vary considerably from one
point in time to another, which may have an effect on the predictive relevance of
recorded consumptioﬁ at any given point in time. The ‘non-drinkers’ group may also
include people who have recently stopped drinking because of health problems, which

will lead to bias and difficulty in interpreting associations.



1.1.10 Social Class

Social class has also shown interesting relationships with coronary heart disease. The
Black Report (Black et al, 1988) concluded that social class differences in health are due
to material conditions of life that are correlated with income levels, for example,
nutrition and smoking. Further investigation is needed into risk factors which may

account for socio-economic differences in health.

1.1.11 A look forward

This thesis will focus on the West of Scotland Coronary Prevention Study (WOSCOPS),
(see Chapter 2). WOSCOPS has measured all of the above mentioned risk factors,
although it’s primary interest is in serum cholesterol. Cigarette smoking is an important
risk factor which should always be considered, and alcohol has become of increasing
interest in recent years. WOSCOPS also included a measurement of fibrinogen,
currently emerging as a potentially important risk factor. Investigation into relationships
among the above risk factors and various disease outcomes will be carried out primarily

using the large cohort of subjects screened for WOSCOPS.

1.2 Evidence from epidemiology

1.2.1 The Framingham Heart Study

The Framingham Heart Study, one of the longest-running epidemiological studies,
began in 1948 and has followed up a cohort of 5070 men and women, age 35-64 and
living in the area of Framingham, Massachusetts, for over 30 years, with participants
being examined every two years. It found (Stokes et al, 1987) that hypertension, total

cholesterol, smoking and obesity are the major risk factors for cardiovascular disease.
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Consideration of 3 sub-cohorts of the Framingham population, men age 50-59 at each of

Ist January 1950, 1960 and 1970, showed (Sytkowski et al, 1990) that there has been a
decline in the mortality from cardiovascular disease over the past 30 years. Comparison
of the 1950 cohort with the 1970 cohort, for men who were free from cardiovascular
disease at baseline, indicates that this decrease may be due to an improvement in the
cardiovascular risk factors, with the 1970 cohort displaying lower serum cholesterol and
systolic blood pressure, and reduced cigarette smoking. Analysis of 24 years of follow-
up of the Framingham cohort (Friedman and Kimball, 1986) found a negative
relationship between alcohol consumption and coronary heart disease for all males, and
for female smokers, with no relationship for female non-smokers. In non-smokers, beer
and wine consumption showed greater reductions in coronary heart disease mortality

than consumption of spirits.

1.2.2 The Whitehall Study

The Whitehall Study examined mortality in 10 years of follow-up from initial screening
between 1967 and 1969, for 17,530 office-based male civil servants in London. This
study found a steep inverse relation between civil service employment grade and
mortality. Men in the lowest employment grade had 3 times the mortality rate from
CHD as men in the highest grade (Marmot et al, 1984). Smoking and other coronary risk
factors are more common in the lower grades, but they account for only part of the
difference in mortality. Consideration of the 1422 men in this study who had completed
dietary records, revealed a U-shaped relationship between alcohol consumption and
mortality (Marmot et al, 1981). This relationship was just as strong after excluding the
first 2 years of follow-up, making it less likely that the high mortality among
‘abstainers’ was due to people giving up alcohol because they were already sick.
Exclusion of the first two years of follow-up removed the U-shaped relationship
between total mortality and plasma cholesterol, and left a positive relationship between

them (Rose and Shipley, 1980).



11

1.2.3 The Multiple Risk Factor Intervention Trial

The Multiple Risk Factor Intervention Trial (MRFIT) required a large screening
exercise, which involved over 300,000 men aged between 35 and 57 at baseline in 1973-
1975, from 18 US cities (Kannel et al, 1986). Analysis of this large cohort confirmed the
independent effects of serum cholesterol concentration, blood pressure and cigarette
smoking as risk factors for coronary heart disease and all-cause mortality, although the
strength of the associations diminished with increasing age. The relationships between
age-adjusted CHD mortality and quintiles of serum cholesterol and systolic blood
pressure (SBP) and baseline cigarette smoking are shown in Table 1.1. These indicate
that CHD increases with serum cholesterol for both smokers and non-smokers, and
CHD increases with SBP quintile at every level of cholesterol for both smokers and

non-smokers. A similar pattern appears with diastolic pressure (Stamler et al, 1989).

Systolic ~ Pressure
Serum Total Chol (mg/dl) | <118  118-124  125-131 132-141 >142
Non-smokers
<182 3.09 3.72 5.13 5.35 13.66
182-202 4.39 5.79 8.35 7.66 15.80
203-220 5.20 6.08 8.56 10.72 17.75
221-244 6.34 9.37 8.66 12.21 22.69
>244 12.36 12.68 16.31 20.68 33.40
Smokers
<182 10.37 10.69 13.21 13.99 27.04
182-202 10.03 11.76 19.05 20.67 33.69
203-220 14.90 16.09 21.07 28.87 42.91
221-244 19.83 22.69 23.61 31.98 55.50
>244 25.24 30.50 35.26 41.47 62.11

Table 1.1  Baseline cigarette smoking, quintiles of serum cholesterol, systolic pressure and age-adjusted

CHD mortality per 10,000 person-years for men screened for the MRFIT.
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A distinct escalation of risk was noted for combinations of these three risk factors. It

was estimated that elimination of these risk factors had the potential for reducing the
coronary heart disease mortality rate by two thirds in 35-45 year old men, and by half in
46-57 year old men. The relationship between coronary heart disease death and serum
cholesterol quintile observed in the MRFIT study is illustrated in Figure 1.3 (Kannel et

al, 1986), which also shows that risk increases with age.

-~ age 55-57
(=
[=]
e
’g age 50-54
2
[
S
3 -~ age 45-49
©°
o
T age 40-44
o
@
2 age 35-39
©

<182 182-202 203-220 221-244 >244
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Figure 1.3 Relationship between coronary heart disease death and serum cholesterol quintile for various

age bands observed in the MRFIT.

Further analysis of the MRFIT screening data (Martin et al, 1986) showed that above the
20th percentile for serum cholesterol (>181 mg/dl, or >4.68 mmol/l), coronary heart
disease mortality increased progressively. Using men below the 20th percentile as a
baseline risk group, half of all coronary heart disease deaths were associated with raised
serum cholesterol concentrations, and half of these excess deaths occurred in men with
cholesterol levels above the 85th percentile (>253 mg/dl, or >6.54 mmol/l). Diastolic
blood pressure had a risk curve shaped similarly to cholesterol, for both coronary heart
disease and total mortality (that is, a positive slope for the relationship with CHD and a

J-shaped relationship with total mortality).
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1.2.4 The British Regional Heart Study

HDL cholesterol and triglycerides were examined in relation to total serum cholesterol
in the British Regional Heart Study (BRHS) (Pocock et al, 1989). This risk factor survey
involved 7735 men aged 40-59, between 1978 and 1980, selected from general practices
in 24 British towns chosen to reflect regional variations in CHD, including 3 in Scotland
(Ayr, Dunfermline and Falkirk). 99% of these men were traced to their current GP
between 9.5 and 11 years after screening, for follow-up purposes. Data collected
included a standard questionnaire, physical measurements, blood samples, ECGs and
measurements of respiratory function (Shaper and Elford, 1992). The BRHS found that,
after adjusting for HDL and other risk factors, men in the highest quintile of the total
cholesterol distribution were at 3.5 times the risk of ischaemic heart disease as men in
the lowest quintile. Conversely, men in the lowest quintile of HDL concentration were
at twice the risk of men in the highest quintile after adjusting for total cholesterol
concentration and other risk factors. Triglycerides did not have a predictive importance
once other risk factors had been taken into account. Consideration of place of birth
information revealed that geographic zone of examination was a more important risk
factor for CHD than zone of birth (Elford et al, 1989). Inter-town variation in CHD
mortality was found to be associated with mean blood pressure, % of men with
hypertension, current cigarette smoking, heavy drinking and the % of manual workers
(Shaper and Elford, 1992). This study also found that ischaemic heart disease mortality
rates were higher in manual than in non-manual workers (Pocock et al, 1987), with
much of this increased risk being due to differences in cigarette smoking. Manual
workers also had higher blood pressure, were more obese and took much less physical
activity in leisure time. Although adjustment for these factors narrowed the gap between
the two groups, manual workers still had a 24% excess of ischaemic heart disease

events.



1.2.5
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The Scottish Heart Health and Scottish

MONICA Studies

Scotland has a reputation for very high coronary heart disease mortality rates. Data from

the World Health Organisation (WHO), on coronary heart disease mortality from 1969

until 1981 in North America, Japan, Europe and Australasia, showed (Figure 1.4) that

Scottish rates were among the highest, although the rate for males has been falling

(Tunstall-Pedoe et al, 1986; and Figure 1.1). It also showed that, in the 40-69 year old

age band, female rates correlate very strongly with male rates for the same country,

although they are only 20-30% of the male rates (see Figure 1.1).
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(from Tunstall-Pedoe et al, 1986).

Age-standardised coronary heart disease mortality rates (per 100,000) for males age 40-69
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The Scottish Heart Health Study (SHHS) (Smith et al, 1989), a study of lifestyle and

coronary heart disease risk factors measured between 1984 and 1986, in 10,359 men and
women aged 40-59 in 22 of the 56 local government districts of Scotland, found that
high cholesterol and cigarette smoking provided a classical explanation for the excess of
coronary deaths in Scotland, but other factors such as dietary deficiencies merited
further investigation. Considering one of the less frequently studied CHD risk factors,
the SHHS observed that fibrinogen levels in men and women increased with age and
were slightly higher in women than in men at each age group as shown in Table 1.2
(Smith et al, 1989). There was a weak association observed between fibrinogen levels

and district smoking levels (Tunstall-Pedoe et al, 1989).

Age (years) Mean values g/l (s.d.)
Men Women
40-44 2.18 (0.62) 2.22 (0.64)
45-49 2.27 (0.66) 2.30 (0.62)
50-54 2.35(0.73) 2.46 (0.69)
55-59 2.43(0.71) 2.52(0.74)

Table 1.2 Fibrinogen levels in the Scottish Heart Health Study

The main objectives of the SHHS were (Smith et al, 1987) to establish levels of
coronary heart disease risk factors, explain geographical variation and assess the relative
contribution of the risk factors, in the Scottish context, as well as to explain why
Scotland as a whole has such a high coronary heart disease mortality rate. The SHHS
found (Tunstall-Pedoe et al, 1989) that coronary mortality rates over 5 years varied
between districts in Scotland by a factor of 2 in men and 3 in women, with lower rates
generally being in the East, and higher rates in the West of Scotland. The SHHS
observed an association between coronary heart disease mortality and % male
unemployment, % in social class 3-5 and rainfall, explaining 73% of the geographical

variation in mortality (Crombie et al, 1989). The SHHS followed the WHO protocol and
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also included subjects in the age range of 40-59 from the WHO MONICA study, from

Edinburgh and Glasgow, bringing the cohort size to approximately 12,000.

The aim of the MONICA Project was to measure the trends in and determinants of
cardiovascular disease over 10 years in many different populations (WHO MONICA
Project Principal Investigators, 1988). It’s original design placed more emphasis on
longitudinal measurement within each centre than on the comparability among centres.
It involved 41 collaborating centres world-wide, resulting in a population of around 15
million men and women aged 25-64. In the Scottish branch of the MONICA Project,
population surveys of coronary risk factors took place simultaneously in Edinburgh and
north Glasgow in 1986. Comparison of these cohorts found that Glasgow in the west
had a much higher cardiovascular mortality rate than Edinburgh in the east. This was
related to the fact that major coronary risk factors were higher in north Glasgow than in
Edinburgh, with the exception of serum lipids which were not significantly different
(Smith et al, 1990). Again, with the exception of serum lipids, the risk factors were
related to socio-economic status, so that most of the differences between the two cities
disappeared after adjustment for housing tenure. So the socio-economic differences in
coronary heart disease and its major risk factors may explain the apparent differences in

CHD mortality rates between east and west Scotland.

1.2.6 Other studies looking at alcohol consumption

The findings in the Framingham cohort (see section 1.2.1) and the Whitehall study (see
section 1.2.2) were in agreement with a review of ischaemic heart disease deaths in 18
developed countries (St Leger et al, 1979) which found a strong negative association
between ischaemic heart disease deaths and alcohol consumption which was wholly
attributable to consumption of wine. This effect may be due to trace components found
in wine.

However, examination of the Malmo birth cohort of 4571 men born between 1926 and
1929 and screened between 1974 and 1978 (Petersen et al, 1980) found that heavy

alcohol consumption was the single most important risk factor associated with
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premature death from any cause in these middle-aged Swedish men, with serum

cholesterol being an inverse risk factor.

In Britain, this relationship was examined via a postal questionnaire, sent to surviving
male doctors (12,321 of whom replied) in 1978, with mortality follow-up until 1991.
These men had originally been involved in the study into the effects of smoking which
began in 1951. This study considered 7 categories of alcohol consumption and found a
U-shaped relationship between alcohol consumption and all-cause mortality, with the
lowest risk group being consumption of 8-14 units/week (Doll et al, 1994). However,
all-cause mortality increases with amount drunk above 21 units per week.

The Albany Study (Gordon and Doyle, 1986) carried out in 1971-72 on 1910 civil
service employees who had been enrolled into an earlier study in 1953-55 found that
alcohol consumption was positively related to cigarette consumption, blood pressure
and HDL cholesterol (although cigarette consumption was negatively related to HDL
cholesterol). Thus the apparent alcohol effect may depend on other concurrent

behaviour.

1.2.7 Overview Studies

Simons (1986) examined the coronary artery disease mortality rates for 19 countries,
whose rates had previously been published by WHO. He found that, for men, 45% of the
interpopulation variation in coronary artery disease mortality could be explained by
interpopulation differences in total serum cholesterol levels, 32% by the variation in
HDL cholesterol, and 55% by variation in the ratio total cholesterol/HDL cholesterol.
For women, total cholesterol/HDL cholesterol was the only significant correlate of the

coronary artery disease mortality rate, and explained 31% of the variation.

A more recent analysis of prospective cohort studies (Law, Wald and Thompson, 1994)
showed that the size of the decrease in coronary heart disease incidence as cholesterol
decreased was related to age. There have been at least 60 cohort studies of serum
cholesterol and CHD, but this analysis has been restricted to the 10 largest published

studies, which together involved 494,804 men. 7 of these studies considered only CHD
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mortality, but 3 also considered non-fatal infarcts. A 0.6 mmol/l decrease in cholesterol

(approximately 10% decrease) resulted in a decrease in coronary heart disease incidence
of 54% on average, at age 40, but an average decrease of only 39% at age 50 and 27% at
age 60. A cholesterol decrease of up to 0.6 mmol/l could be achieved by moderate
dietary change without resorting to drug intervention which could reduce serum

cholesterol by up to 1.2 mmol/l (approximately 20%).

1.2.8 Summary

These epidemiological studies support the relationships between CHD and the various
risk factors described in section 1.1. They show that CHD risk is greater with raised
cholesterol levels, high blood pressure and cigarette smoking, and have conflicting
results with regard to the association between CHD and alcohol consumption. The
Whitehall Study, the BRHS and the WHO MONICA Study have revealed interesting
associations between socio-economic status and CHD which merit further investigation.
The WOSCOPS study, which will be dealt with in this thesis will address these
epidemiological issues through analysis of the cohort of subjects who came for initial

screening.

1.3 Evidence from clinical trials

1.3.1 The Multiple Risk Factor Intervention Trial

The Multiple Risk Factor Intervention Trial (MRFIT) was a randomised primary
prevention trial, involving approximately 12,000 35-57 year old men who were in the
upper 10-15% of CHD risk. Screening for this study took place between 1973 and 1975,
and it was designed to test the effect of a multifactor intervention program on mortality
from coronary heart disease (MRFIT Research Group, 1982). The MRFIT was special in

that it took a multiple factor approach, while the vast majority of clinical trials involve
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only unifactor intervention. The ‘special intervention’ group received counselling for

cigarette smoking, treatment for hypertension and dietary advice for lowering blood
cholesterol. The control group relied on their usual sources of health care in the
community. Follow-up was for an average of 7 years, but the difference in CHD
mortality between the two groups was not statistically significant (there were 17.9
deaths per 1000 in the intervention group and 19.3 deaths per 1000 in the control
group). It has been suggested that this may have been due to the decline of risk factor
levels in both groups, resulting in a lower than expected mortality in the control group,

or to unfavourable responses to antihypertensive drugs in some subjects in the treatment

group.

1.3.2 Primary Prevention Trials of Cholesterol

Lowering drugs

The three largest primary prevention trials of cholesterol reducing agents are described

below.

The WHO Clofibrate Trial was started in 1965 to test the hypothesis that ischaemic
heart disease incidence in middle-aged men could be reduced by lowering raised serum
cholesterol levels. It involved 15,745 men from 3 European centres - Edinburgh,
Budapest and Prague, approximately 10,000 of whom fell in the upper third of the
cholesterol distribution determined from the 30,000 screened volunteers, and
approximately 5000 from the lower third to be used as a second control group. The men
with raised cholesterol were randomised to either clofibrate or placebo (Committee of
Principal Investigators, 1978). A mean reduction of approximately 9% of the initial
serum cholesterol values was achieved in the treatment group, resulting in a 20%
decrease in the incidence of ischaemic heart disease, compared to the high cholesterol
controls. The low cholesterol group showed substantially lower rates of ischaemic heart
disease than either of the high cholesterol groups. The trial thus supported the
hypothesis that lowering high serum cholesterol could reduce the incidence of ischaemic

heart disease. However, this drug was not recommended for community-wide primary
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prevention because of concerns regarding adverse reactions to the drug clofibrate. A

further four years of follow-up until the end of 1982, giving a total mean follow-up of
13.2 years with a mean of 5.3 years in the trial and 7.9 years beyond the end of the trial
revealed that the excess mortality in the clofibrate treated group did not continue after
the end of treatment. There was an excess mortality of 47% during treatment, but only
5% after treatment ended. The authors were unable to explain the substantial excess of

non-coronary mortality during the trial (Committee of Principal Investigators, 1984).

The Lipid Research Clinics Coronary Primary Prevention Trial (LRC-CPPT) was a
multi-centre randomised trial of the cholesterol lowering drug cholestyramine vs.
placebo. Screening took place from 1973 to 1976 in 12 lipid research clinics across the
US, to identify 3806 middle-aged men with primary hypercholesterolaemia, who also
followed a moderate cholesterol lowering diet over the average of 7.4 years follow-up
for the trial. The treatment group showed a 24% reduction in definite coronary heart
disease death and a 19% reduction in non-fatal myocardial infarction in conjunction
with an average 13.4% reduction in plasma total cholesterol and a 20.3% reduction in
LDL cholesterol. These reductions were 8.5% (for total cholesterol) and 12.6% (for
LDL cholesterol) greater than those obtained in the placebo group, which was also on
the cholesterol lowering diet (Lipid Research Clinics Program, 1984, Part I). The
cumulative seven year incidence of coronary heart disease death or non-fatal myocardial
infarction was 7% in the cholestyramine group and 8.6% in the placebo group. The
active treatment group also had lower rates of new positive exercise tests, angina and
coronary bypass surgery. Small increases in HDL cholesterol which also accompanied
cholestyramine treatment independently accounted for a 2% reduction in CHD risk
(Lipid Research Clinics program, 1984, Part II). The risk of death from all causes was
not however significantly reduced in the treatment group, which had a greater number of
violent and accidental deaths which were not thought to be related to cholestyramine

therapy.

The Helsinki Heart Study was a randomised 5 year trial of the safety and efficacy of the
cholesterol lowering drug gemfibrozil in dyslipidemic middle-aged men. It involved
4081 Finnish men aged 40-55 with high levels of cholesterol. The study began in 1980

and was completed in 1987. A reduction of 34% was observed in the incidence of
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coronary heart disease events in men on gemfibrozil treatment. Compared with placebo,

gemfibrozil produced average decreases of 10% in total serum cholesterol, 11% in LDL
cholesterol and 35% in triglycerides, and a mean increase of 11% in HDL cholesterol
over the 5 years of follow-up, with the lipid changes being related to lipid levels prior to
treatment and compliance with the medication regime. The changes in HDL and LDL
cholesterol levels were both significantly associated with the reduction in CHD
incidence rates in the gemfibrozil group after correction for other CHD risk factors
including age, blood pressure, smoking and drinking habits, baseline lipid levels,
exercise and relative weight. This study suggested that elevating HDL cholesterol and
lowering LDL cholesterol are both effective strategies in the primary prevention of CHD
(Manninen et al, 1988). This study also found (Manninen et al, 1992) that in the placebo

LDL cholesterol
HDL cholesterol -

group the best single predictor of cardiac events was the ratio of

combination with the serum triglyceride level, this ratio revealed a high risk group of
subjects (representing approximately 10% of the trial population) with ratio > 5 and
triglycerides > 2.3 mmol/l, which had a relative risk of cardiac events of 3.8 compared
to all the other subjects. This high risk group received most benefit from treatment with
gemfibrozil, with a 71% lower incidence of cardiac events in the subgroup at high risk

and on gemfibrozil than in the corresponding high risk subgroup on placebo.

1.3.3 Secondary Prevention Trials

A review of published studies carried out by Silberberg and Henry (1991) indicated that
cholesterol lowering to prevent CHD death is of far greater benefit in secondary
prevention than in primary prevention. The authors calculated that the risk reduction
achieved by drug therapy in secondary prevention studies of cholesterol lowering was

3.2%, while in primary prevention studies it was only 0.1%.

One of the most recent secondary prevention trials was the Scandinavian Simvastatin
Survival Study (4S). This study involved 4444 men and women aged 35-70 with a

history of angina pectoris or acute myocardial infarction and a serum cholesterol level
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between 5.5 and 8.0 mmol/l. These subjects were randomised to treatment with either

placebo or simvastatin, an HMG-CoA reductase inhibitor, between May 1988 and
August 1989. Follow-up was for an average of 5.4 years, ending on 1 August 1994.
Simvastatin therapy produced mean decreases of 25% in total cholesterol and 35% in
LDL cholesterol, and a mean increase of 8% in HDL cholesterol. The relative risk of
coronary death in the simvastatin group relative to the placebo group was 0.58, while for
all-cause mortality the relative risk was 0.7. There were no significant differences
between the two groups in terms of non-cardiovascular deaths. The study thus shows
that treatment with simvastatin is safe, and improves survival in CHD patients post

myocardial infarction (Scandinavian Simvastatin Survival Study Group, 1994).

1.3.4 Overviews

A meta-analysis by Yusuf et al (1988), of 22 randomised trials (9 primary and 13
secondary prevention) found a highly significant 23% reduction in risk of non-fatal
myocardial infarction and CHD death with cholesterol lowering. The authors also
reported that this reduction was directly related to both the degree and duration of the

intervention to lower cholesterol levels.

Gordon et al (1989) examined, in American subjects, the inverse relation between HDL
cholesterol and coronary heart disease as reported in the BRHS (Pocock et al, 1986).
They looked at fdur prospective American studies. Two of these studies, the
Framingham Heart Study and the Lipid Research Clinics Program Mortality Follow-up
Study, were population based studies, while the other two, the Lipid Research Clinics
Coronary Primary Prevention Trial and the Multiple Risk Factor Intervention Trial, were
randomised trials of middle-aged men at high coronary heart disease risk (only the
control groups were analysed here). On adjusting for age, blood pressure, smoking, body
mass index and LDL cholesterol there was found to be a consistent inverse relation
between HDL cholesterol levels and coronary heart disease incidence rates in each of
these 4 studies with, for example, a 1 mg/dl increment in HDL cholesterol being

associated with a decrease in cardiovascular mortality of 3.7% in men and 4.7% in



23
women in the Lipid Research Clinics Program Mortality Follow-up Study. HDL

cholesterol levels were found to be unrelated to non-cardiovascular mortality.

In an overview analysis of 16 randomised clinical intervention trials (a mixture of
primary and secondary prevention, diet and drug trials) of cholesterol reduction (Holme,
1990) it was found that for every 1% decrease in cholesterol level, there was an
estimated 2.5% decrease in coronary heart disease incidence. It was also found,
predictably, that drug trials tended to more efficacy at cholesterol lowering than dietary
trials, that efficacy was higher in secondary than in primary prevention trials, and that
efficacy depended on the baseline cholesterol level. This review also showed that while
a 1% decrease in cholesterol was effective in lowering CHD incidence, the reduction

must be at least 8-9% to be effective in lowering total mortality.

1.3.5 Summary

Evidence from controlled clinical trials shows convincingly that reducing serum
cholesterol levels by diet or drug treatment reduces the incidence of coronary heart
disease (Katan, 1990). Some of these trials have found that while coronary heart disease
death rates were lower, there was no significant difference in all-cause mortality
between the treatment and control groups. In the LRC-CPPT this was thought to be due
to the larger number of violent and accidental deaths in the treatment group. However,
the actual numbers of violent deaths in the LRC-CPPT was small (11 in the treatment
group and 4 in the placebo group) so the study had very low power to address this
outcome. The 48 study is of particular relevance to the WOSCOPS study, which will be
dealt with later, as it involves a drug belonging to the same family - the HMG CoA
reductase inhibitors. This study indicated that there may be substantial benefit to
coronary mortality from this cholesterol lowering therapy, and some benefit for all-cause

mortality.
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1.4 Concerns about Reduction in

Cholesterol Levels

While the relationship between high cholesterol levels and coronary heart disease is well
established, there has been much controversy about a possible relationship between low
cholesterol levels and cancer. Some epidemiological studies and meta-analyses of
clinical trials have detected this relationship, but others have found no significant
relationship, leading to results which, overall, are conflicting and unclear. Although
previous clinical trials have indicated a decrease in cardiovascular disease with
cholesterol lowering, meta-analysis has indicated no decrease in total deaths in the
treatment groups, with an increase in deaths due to suicide and other violence as well as

to cancers. Evidence relating to these non-cardiac outcomes will now be considered.

1.4.1 Cancer and Cholesterol

1.4.1.1 Epidemiological Evidence

In 1981, Feinleib observed a fairly consistent inverse relationship between baseline
cholesterol and subsequent cancer mortality in the Framingham Study. For all-cause
mortality there was a U-shaped relationship (as illustrated in Figure 1.5), indicating that
there was an optimal range of cholesterol values for which total morbidity and mortality
might be minimised. He observed these relationships only for men, with no significant

trends appearing for women.
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Figure 1.5 Age-adjusted mortality rates by serum cholesterol measured at examination 4 of the

Framingham Study for men age 35-64.

A cohort of 5209 men and women from the Framingham study had repeat measurements
of serum cholesterol made biennially, up to 18 years prior to cancer diagnosis (Sorlie
and Feinleib, 1982). There was a significant inverse relationship, with the principal
elevation in risk being for men with serum cholesterol less than 190 mg/dl. The
hypothesis of pre-clinical cancer is refuted by the fact that an association of low
cholesterol with incident cases occurred up to 18 years after baseline - most oncologists
would be reluctant to accept that a metabolically active lesion would remain pre-clinical
for 10 or more years, and the lack of a relationship between cholesterol and cancer in
women - since it is reasonable to assume that once the cancer process has begun, the
metabolic consequences for men and women would be similar. An analysis of time
trends did not yield consistent results for all age groups. In some age groups, cholesterol
levels were depressed 18 years before diagnosis, while in other age groups, the
cholesterol level reduced further as the time of diagnosis approached. So low cholesterol

may be both a precursor and a response to the cancer process.

The Lipid Research Clinics Program Mortality Follow-up Study involving 2753 men
and 2476 women aged 40-79 at baseline between 1972 and 1976 and followed up until

1984 found that total cholesterol and LDL cholesterol were significantly inversely
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associated with overall cancer mortality in men but observed no relation for women

(Cowan et al, 1990). The relatively small numbers of cancer deaths restricted the site-
specific analysis possible, but for colon cancer the relative risk of men in the lowest
quartile of cholesterol levels (< 187 mg/dl) compared to the other three quartiles of
cholesterol was 5.20, after correcting for age, body mass index, cigarette smoking and
alcohol consumption. From consideration of the survival curves, the authors felt that the

inverse relation observed in men was not due to pre-existing disease.

Salmond et al (1985) carried out a prospective epidemiological study on New Zealand
Maoris with 17 years follow-up from first examination in 1962-63, and found a
significant inverse relationship between serum cholesterol and cancer mortality for both
men and women, after adjusting for age, systolic blood pressure and body mass index.
This relationship remained significant after excluding deaths occurring in the first five
years, indicating that the apparent relationship could not be explained by undetected

illness.

Tomberg et al (1989) followed up 9217 Swedish men identified by screening between
1963 and 1965 for 18-20 years and also found a significant relationship between
cholesterol and cancer incidence and mortality. However, in contrast to Salmond et al,
they found that this relationship was strongest in the first two years of follow-up,

consistent with the effect being due, at least in part, to preclinical cancer.

In the Honolulu Heart Program it was possible to consider several cancer sites
separately. The Honolulu Heart Program examined the relationship between baseline
serum cholesterol level and subsequent 9 year mortality in a cohort of around 8000
Japanese-American men age 46-65 who lived on the island of Oahu in 1965 (Kagan et
al, 1981). There was a strong inverse relationship between serum cholesterol level and
the subsequent risk of dying from cancer. This association persisted after excluding
patients with evidence of disease at baseline, excluding deaths occurring in the first 6
years of follow-up, and adjusting for age, systolic blood pressure, smoking, alcohol
consumption and relative weight. The only specific site which remained significant after

these adjustments was cancer of the colon. The risk of death from cancer was nearly
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four times greater in men with serum cholesterol less than 180 mg/dl than in men with

serum cholesterol greater than 269 mg/dl. In contradiction, a further study on these
Japanese-American men using 22 years of follow-up (Chyou et al, 1992) found that a
significant negative association between serum cholesterol and smoking related cancers
(lung, mouth, larynx, oesophagus, pancreas, bladder) did not persist after adjustment for
cigarette smoking and alcohol consumption. The Honolulu Heart Program also found
evidence of a U-shaped relationship between alcohol consumption and all-cause
mortality (Blackwelder et al, 1980). While coronary heart disease decreased with
increasing alcohol consumption, other disease outcomes such as cancer and stroke

increased giving a total mortality picture as in Figure 1.6.
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Figure 1.6 Age-adjusted 8-year mortality by cause and level of usual alcohol intake

(adapted from Blackwelder et al, 1980)

A retrospective case-control study involving cancer patients, heart patients and controls,

stratified for gender, age and smoking habit, and followed up for fourteen and a half
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years for the Stockholm Prospective Study, with screening between 1970 and 1973 and

follow-up back to 1963 and forward to 1982 (Gerhardsson et al, 1986), found an
association between low serum cholesterol and cancer of the large intestine and rectum.
However, this association was only apparent for a six-year period prior to death. Since
this paper considers mortality rather than incidence, the low serum cholesterol levels are

more likely to reflect an effect of preclinical cancer.

For the cohort of 300,000 men screened for the MRFIT between 1973 and 1975,
mortality follow-up revealed a significant excess of cancer in the lowest decile of serum
cholesterol level during the early years of follow-up, which decreased over time but had
not disappeared after an average 7 years of follow-up (Sherwin et al, 1987). This finding
is consistent with the inference that the association between low serum cholesterol and

cancer is at least in part due to an effect of preclinical cancer.

During the same time period, a case-control study was carried out in Iowa with
screening between 1973 and 1975 and follow-up until 1980 (Wallace et al, 1982).
Controls were matched to cancer cases on age, sex, screening centre and date of
screening, and the authors found that plasma cholesterol levels were lower among male
cases and higher among female cases than among controls. The higher cholesterol levels
in women were mainly for hormone-related cancers, while the lower levels in men were

mainly for smoking-related cancers.

Meanwhile, in Scotland, the Renfrew and Paisley Survey (Isles et al, 1989), with
screening from 1972 to 1976 and an average of 12 years of follow-up, found that the
inverse association between cholesterol and cancer in men was strongest for lung
cancer, unrelated to age, present for incidenée as well as mortality, and persisted even
when the first 4 years of follow-up were excluded. This study found no consistent
relationship between cholesterol and smoking, counteracting another possible
explanation. Out of 21 previous reports on cholesterol and cancer, examined by Isles et
al, 8 showed no relationship, 12 found an inverse association and 1 found a positive

association, which was with colorectal cancer.
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A slightly different angle on the question was to consider a population with naturally

low cholesterol levels. The mean cholesterol level in China is much lower than that
usually observed in Western populations. A study of 9021 Chinese men and women age
35-64 in 2 screening cohorts (1972-73 and 1977-78) (Chen et al, 1991) revealed no
significant association between baseline cholesterol and total mortality from cancer.
There was however an inverse trend for liver cancer, excluding patients who died in the
first three years of follow-up. There was also a significant inverse relationship between
cholesterol and other chronic liver diseases for this population. The authors suggest that
the lowered cholesterol levels were probably due to the fact that many Chinese suffer

from long-term chronic hepatitis-B.

In the United States, a case-control study was carried out at the Mount Sinai hospital in
New York City between 1978 and 1980 to examine cholesterol levels in relation to
colon cancer (one of the more common cancers in the US). Controls were subjects who
had entered the hospital for elective surgery. Comparison of 133 case-control pairs,
matched by age and sex, revealed that colon cancer patients had significantly lower
serum cholesterol levels than controls (Miller et al, 1981). However, examination of 130
case-case pairs in which early tumours were matched with advanced tumours found that
women, although not men, had significantly lower cholesterol levels with advancing
disease. This supports the idea that, in women at least, low serum cholesterol levels in

cancer patients may be the result of metabolic influences of tumours.

The National Health and Nutrition Survey Epidemiologic Follow-up Study
(Kritchevsky, 1992), which was conducted during 1981-84 using subjects who had
previously been in the probability sample of US civilians used in the National Health
and Nutrition Examination Survey from 1971-75, found that in females, the
relationship between low cholesterol and cancer varied according to the amount of fat
on the body. This suggests that, in women, a hormonal/metabolic basis may underlie the
low cholesterol-cancer association. Diet could not, however, explain the low
cholesterol-cancer association in men. In this study, the exclusion of early cancers
strengthened the low cholesterol-cancer association, for males. This study also revealed
(Schatzkin et al, 1988) that the inverse relationship was especially prominent for

smoking related cancers, for which the association persisted 6 years after baseline
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measurements, suggesting that the relationship cannot simply be dismissed as a pre-

clinical cancer effect. There was no appreciable difference when analysis was carried
out within strata of various risk factors such as age, education, poverty index, body mass
index, smoking, alcohol consumption, race, dietary fat, fibre intake, and also, for

women, age at first birth, age at menarche, parity and menopausal status.

1.4.1.2 Evidence from clinical trials

In the LRC-CPPT, it was observed (Kritchevsky et al, 1991) that the cholesterol levels
of men diagnosed with non-localised cancer began to drop about 2 years prior to
diagnosis. This decrease was not observed for men with localised malignancies. The
decrease was 9.3 mg/dl on average, and weight also decreased by an average of 1.2 kg.
Within eight months of diagnosis, both weight and cholesterol were significantly lower
than expected. Kritchevsky et al recommended that analysis should exclude incidence
within two years and deaths within three and a half years of baseline.

In the clinical trial branch of the MRFIT, it was found that the numbers of cancer deaths
in the intervention and control groups were similar (81 in the intervention group and 69
in the control group) (MRFIT Research Group, 1982), suggesting that cholesterol
lowering may not lead to excess cancer risk in subjects who start with high cholesterol

levels.

Similarly to these primary prevention studies, the secondary prevention 4S study found
no significant difference between the drug and placebo groups in terms of cancer deaths.
There were 33 cancer deaths in the simvastatin treatment group, and 35 in the placebo
group. In addition, there were 57 non-fatal cases of cancer in the simvastatin group and

61 in the placebo group (Scandinavian Simvastatin Survival Study Group, 1994).

1.4.1.3 Evidence from Overviews

In 1982, an International Collaborative Group examined 11 population studies from 8

countries, including the Renfrew and Paisley Survey in Scotland, and found a strong
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inverse association between cancer and cholesterol in the first year of follow-up which

diminished and disappeared in later years, consistent with the hypothesis that lower

cholesterol levels were due to an effect of undetected disease.

This is consistent with an examination of 20 published cardiovascular disease studies,
(McMichael et al, 1984), which afforded substantial evidence that preclinical cancer
causes a lowering of blood cholesterol, and limited evidence that males with naturally
low blood cholesterol levels are at increased risk of colon cancer. Deliberate lowering of
blood cholesterol did not appear to alter the risk of cancer. It is possible that an
individual’s innate lipoprotein cholesterol profile is statistically associated with his/her
predisposition to develop cancer, and the cholesterol-cancer relationship is thus not

causal.

Law and Thompson (1991) analysed 33 prospective studies and discovered lower
cholesterol levels in subjects diagnosed with cancer within 2 years of the baseline
measurements. After this interval, the average differences in cholesterol levels were
smaller, but still statistically significant, and could not be attributed to preclinical
cancer. They concluded that the long-term association between low cholesterol and lung
cancer is probably due to smoking, which may also explain how this association varied
between studies according to the predominant socio-economic status of the subjects
recruited. Law and Thompson found that the long term association was absent in studies
of professional men, moderate in studies of mixed populations and strong in studies of
manual workers. The association was confined to the first few years of follow-up in
some of these 33 studies, but persisted despite many years of follow-up in others. There
was an apparent association between high cholesterol and primary brain tumours.
Cancer does act to lower serum cholesterol, to a certain extent, as does oestrogen, and
the inverse association between cholesterol and cancer is much smaller than the direct
-association between cholesterol and coronary heart disease. So, overall, the authors

argue that the data do not suggest that serum cholesterol reduction causes cancer.

The conference on low blood cholesterol (Jacobs et al, 1992), considered 19 cohort
studies in a pooled epidemiologic study. The formal statistical overview adjusted for

age, diastolic blood pressure, cigarette smoking, body mass index and alcohol intake as
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available. Once again, they found a U-shaped relationship between cholesterol and all-

cause mortality for men, reflecting the positive association with coronary heart disease
and the negative relationship with cancer. There was no clear relationship for women
due to the lack of power caused by the few numbers of women in the studies, and the
results were unaltered by the exclusion of deaths occurring in the first 5 years of follow-
up. It is suggested that the relationship between cholesterol and cancer may be due to
some other confounding factor, although several factors were adjusted for in the
analysis. It appears that the cholesterol-cancer relationship may be strongest in the
lowest socio-economic group, but the authors felt that more research is needed in this

area.

1.4.1.4 Discussion

From the above papers, it can be seen that there is much conflict in the findings of
different studies regarding low cholesterol and cancer. Although some of the findings
are from large studies, most come from smaller studies which have relatively little
power on their own, or from meta-analyses. Also, most of the studies concentrate on

middle-aged men, leading to an even less clear picture for women.

To summarise, some studies have found no relationship between cholesterol and cancer
(for example, Chen et al 1991), some studies have found an inverse relationship which
disappeared after the removal of deaths in the first few years of follow-up suggesting an
effect of pre-clinical cancer (for example, Gerhardsson et al 1986), some studies found
an inverse relationship which persisted after the removal of early deaths (for example,
Sorlie and Feinleib 1982) [although there is considerable inter-study variation on how
many years should be excluded from analysis], and some studies found a direct
relationship, although this was mainly for hormone-related cancers in women (Wallace

et al 1982).

It is plausible that the apparent relationship between cancer and low cholesterol may be
due to preclinical cancer causing cholesterol lowering. A biological explanation for

cholesterol lowering with pre-clinical cancer has been given in terms of an activation of
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the membrane low density lipoprotein receptors of the cancer cells, so that cholesterol is

incorporated into these cells, with a consequent reduction of its serum level (Budd and
Ginsberg, 1986).

Buchwald hypothesised in 1992 that since cancer cells seem to demand an increase in
cholesterol concentrations in themselves, cholesterol inhibition, either by decreased
cholesterol availability or by decreased intracellular cholesterol synthesis, could inhibit
tumour cell growth, act as an adjuvant to cancer chemotherapy and possibly prevent
carcinogenesis. There are two sources of cellular cholesterol - synthesis within the cell
and incorporation of extracellular cholesterol via receptor-mediated uptake of plasma
LDL cholesterol. The cholesterol requirements of tumour cells exceed their total
endogenous synthesis, so the tumour cells must use more cholesterol from the cell
environment for their survival and growth. Buchwald (1992) found that, in rats, tumour
weight was positively correlated with plasma cholesterol concentrations, and that, in
mice, restriction of cholesterol synthesis using the HMG CoA reductase inhibitor
lovastatin resulted in suppressed tumour growth. Buchwald’s tissue-culture experiments
point to an additive effect of cholesterol inhibition and chemotherapy on tumour cell

growth, although this has yet to be tested in humans.

An alternative explanation of this relationship could be competing risks. Cancers
comprise the most common contribution to non-cardiovascular mortality, and would
thus be expected to show higher incidence at lower cholesterol levels where the
cardiovascular risk is less (Williams et al, 1981). This argument of competing risks
could be valid for elderly people who are followed up till death, but not for middle-aged

subjects who are followed up for only a few years and most of whom are still alive.

This apparent relationship may also be due to confounding with other risk factors (such
as smoking as a major risk factor for lung cancer), while some studies have suggested
that the association between low cholesterol concentrations and cancer may be
secondary to a relationship between low retinol (vitamin A) concentrations and cancer

(Marenah et al, 1983).

However, there is a fear that it may be the act of cholesterol lowering which leads to

increased risk of cancer, while indigenously low cholesterol has no adverse effects. The
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possible relationship between low cholesterol and cancer is apparent in populations with

high mean cholesterol levels, but there is little convincing evidence of high cancer rates
in populations with naturally low cholesterol concentrations in countries where the diet
is low in saturated fat and cholesterol, for example Japan (Katan, 1990). A further piece
of evidence against cancer risk with indigenously low cholesterol is the lack of excess
cancer mortality among people suffering from genetic conditions which cause LDL
cholesterol levels of zero (although these conditions are relatively rare) (Katan, 1990).
In the case of clinical trials, it is also possible that the cholesterol lowering drug used
may be carcinogenic, although this is unlikely in general since the inverse trend between
cholesterol and cancer has appeared with several different drugs (Oliver, 1992). There
is, however, suspicion that the increase in cancer deaths was due to the particular drug
involved in the large WHO clofibrate trial (Committee of Principal Investigators, 1984),

which may, in turn, bias some of the meta-analyses carried out.

1.4.2 Suicide and other deaths

As mentioned earlier, the LRC-CPPT found a greater number of violent and accidental
deaths in the treatment group compared to the controls, leading to no significant
reduction in all-cause mortality for the treatment group, although there was a 24%
decrease in definite coronary heart disease deaths (Lipid Research Clinics Program,
1984). However, the actual numbers involved were fairly small and the study was
designed to look at coronary deaths, so it had insufficient power to address the endpoint
of all-cause mortality.

The LRC-CPPT was considered with the Helsinki Heart Study (Wysowski and Gross,
1990), which also had higher rates of homicides, suicides and accidents in the treatment
group than the placebo group. A detailed review of the individual case histories for each
of these deaths provided little evidence to support the hypothesis that the cholesterol
lowering drugs, gemfibrozil and cholestyramine, could be causally related to these
deaths. The higher rates were not statistically significant in either study due to the small

number of deaths involved.
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In secondary prevention, the 4S study revealed no suggestion of a higher rate of violent

deaths in the simvastatin treatment group. There were 6 violent deaths in the simvastatin
group compared with 7 in the placebo group (Scandinavian Simvastatin Survival Study

Group, 1994). Once more, there were very few events in this category of deaths.

The association between low cholesterol and violent deaths has appeared consistently in
several primary prevention studies, whether cholesterol lowering was achieved by drugs
or diet (Ryman, 1994). But this finding is not restricted to intervention trials. A
significant association between low cholesterol and death from non-medical causes was
also found in a population with naturally low cholesterol concentrations (Chen et al,
1991), suggesting that the association is due to the cholesterol level itself, and is not just

a treatment effect (Ryman, 1994).

However, in contrast, a study carried out in Finland on two independent cohorts (one
with baseline measurements carried out in 1972, and the other in 1977) with 10-15 years
mortality follow-up, found no significant relationship between cholesterol levels and
deaths from accidents, suicides and other violence (Vartiainen et al, 1994). This result
may have been influenced by .the relatively high cut-off point used for a ‘low’
cholesterol value in this study (< 5.0 mmol/l) (Ryman, 1994).

Examination of 25 years of follow-up for the two Finnish cohorts of the Seven
Countries Study found a statistically non-significant negative association between
cholesterol and mortality due to accidents and violence for one cohort, and a statistically
significant positive association for the other cohort (Pekkanen et al, 1989). It is

suggested that the observed associations between serum cholesterol and violent deaths

are probably due to other, presently unknown, factors or to chance.

A meta-analysis of 6 primary prevention trials, including LRC-CPPT and HHS as
above, found that while cholesterol lowering intervention reduced CHD mortality, it had
no effect on total mortality (Muldoon et al, 1990). No consistent relation was found
between reduction in cholesterol and mortality from cancer, but there was a significant
increase in deaths not related to illness. In contrast to the group on cholesterol lowering
therapy, mortality from suicides, accidents and other violent deaths in the control group

was similar to the American national average. The near doubling of mortality from
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violent causes observed in the group on cholesterol lowering therapy compared to the

control group is inconsistent with the hypothesis of competing risks. The authors state
that there is some evidence that modifying fat in the diet has both neurochemical and

behavioural consequences, which may cause these excess deaths.

Considering these consequences of low cholesterol, a study of male mental hospital
patients (Sletten et al, 1964) observed that low cholesterol subjects were more regressed
and withdrawn, with less evidence of initiative and positive mental health than subjects
with higher cholesterol levels. However, this gives no indication of whether low
cholesterol is a precursor or a result. The California Psychological Inventory (Jenkins et
al, 1969) found that impulsive behaviour traits were associated with low cholesterol
levels. A study of 280 male homicidal offenders, carried out in Finland from 1974-1981
(Virkkunen, 1983), found that there was a clear relationship between low cholesterol
and a habitually violent tendency under the influence of alcohol, and suggested that this
may be due to an enhanced insulin secretion underlying both aspects. A smaller study,
involving 47 adolescent boys (Virkkunen and Penttinen, 1984) found significantly lower
cholesterol in boys with aggressive conduct disorder than in controls. It was again
proposed that this may be due to the effects of active insulin in regulating LDL
cholesterol.

An alternative biological explanation may come from an effect of lowering cholesterol
on cerebral cell metabolism, leading to bizarre behaviour and poor co-ordination. In the
central nervous system, serotonin suppresses harmful behavioural impulses (Engelberg,
1992). Low membrane cholesterol decreases the number of serotonin receptors, which
may contribute to a decrease in brain serotonin and poorer suppression of aggressive
behaviour. Abnormalities in cerebral serotonin systems are associated with poor impulse
control, which may manifest itself either as suicidal behaviour or as aggression towards
others. Long-term follow-up of middle-aged men may not show this relationship so
clearly since those with a naturally low cholesterol may have already died in
adolescence. A subsequent lowering would then be needed to trigger violence or suicide
in older men, but this triggering may not be related to the magnitude of the reduction. It
is not unreasonable that anything which affects the balance of central lipid metabolism

could have profound effects on brain function.
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Possible confounding variables which may influence the proposed relationship between

cholesterol and violent death include alcohol consumption, blood pressure and social
class. For example, in clinical trials, people may react differently to their usual alcohol
intake, while taking drugs. Analysis of the Italian cohorts of the Seven Countries Study
(Menotti et al, 1980 and 1987) revealed a direct relationship between blood pressure and
violent death. Indeed, a review of specific cases found that some fatal accidents were
preceded by minor cardio-circulatory events. These possible confounding variables may

be worthy of further investigation.

A review of 10 cohort studies, 2 international studies and 28 randomised trials (Law,
Thompson and Wald, 1994) found an excess in mortality with low or lowered serum
cholesterol. The main cause of death attributable to low cholesterol was haemorrhagic
stroke, with the excess risk being for cholesterol concentration less than 5 mmol/l.
However, stroke affects only about 6% of Western populations, so this excess risk will
be outweighed by the benefits from the low risk of ischaemic heart disease. Employed
cohorts showed no excess non-circulatory mortality, while community cohorts showed
cholesterol associations with suicide, chronic bronchitis and chronic liver and bowel
diseases, as well as lung and haemopoietic cancers. These excess deaths can mostly be
explained by early disease, or by other factors, such as depression leading to suicide, and
also causing cholesterol lowering. This suggests that the lowering of cholesterol
concentrations causes an increase of deaths only in a population more vulnerable to
factors such as psychiatric disorder, and that employed cohorts are protected from this
effect (Ryman, 1994). It is argued that for a relationship to be causal, it must also be
reversible. Treating depression leads to an increase in serum cholesterol, suggesting that
it is the depression which causes the low cholesterol. (Similarly, cholesterol increases
when chemotherapy induces remission of cancer, backing the pre-clinical cancer
argument.) Low cholesterol seems to be associated with suicide only for the first 5 years
after measurement. Cholesterol can predict ischaemic heart disease deaths 30-40 years
later and should do the same if it were a cause of suicide. Alcoholism is also associated
with depression and other mental illness, causes deaths through accidents and suicides,
and lowers serum cholesterol. So there appears to be some evidence for the safety of
lowering serum cholesterol, as the adverse effects may be explained by confounding

factors, or as having a cholesterol lowering effect themselves.
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Excess stroke deaths with low cholesterol concentrations were found in an analysis of

the MRFIT screening exercise, which involved 6 years of follow-up on 350,977 men
age 35-57 (Iso et al, 1989). Deaths from intracranial haemorrhage were three times
higher in men with serum cholesterol levels under 4.14 mmol/l than in those with higher
levels, but there was also a positive association between serum cholesterol and deaths
from non-haemorrhagic stroke. The deaths from intracranial haemorrhage were confined
to men with diastolic blood pressure > 90 mmHg, among whom death from intracranial
haemorrhage is relatively common. The risk of haemorrhagic stroke death with low
cholesterol is thus overwhelmed by the risks of non-haemorrhagic stroke and coronary

heart disease with high cholesterol levels.

Analysis of 17 years of follow-up in the Honolulu Heart Program also found significant
inverse trends between cholesterol and deaths due to haemorrhagic stroke, all cancer,
benign liver disease and chronic obstructive lung disease (Frank et al, 1992). Only the
inverse trends for all cancer and benign liver disease flattened when deaths in the first

five years of follow-up were excluded.

1.5 Summary and Proposed Investigation

As has been seen above, while cholesterol is well established as a risk factor for
coronary heart disease, it’s effects on cancer, suicide and other violence are much less
clear. The studies have conflicting results, making this a controversial area of medical

research.

Differences in study design - whether it is prospective or retrospective, the cancer
outcome used (incidence or mortality), the sample size involved in the study, the
average cholesterol levels in the different population groups used, the age of patients at
the end of the study and the ethnic composition of the study subjects could all contribute
to some of the inconsistent findings between studies. The selection of the population
entering the study has the potential to be a major source of bias. It is also important to

note the length of follow-up in the different studies, especially when considering the
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possible relationship between cancer and cholesterol, where preclinical disease could

bias results in the first few years of follow-up. A further problem is that the studies
described above were designed to examine cardiac endpoints and do not have sufficient
power to address alternative outcomes. This is particularly relevant for the outcome of
‘violent deaths’ where the actual numbers of deaths observed is small. Differences in
results may also be due to differences in the methods of analysis employed (Salmond et
al, 1985). The studies also vary with respect to which covariables are adjusted for in the
analysis. In meta-analyses, drug and dietary trials with varying periods of follow-up and
degrees of success are often considered together. Amidst the conflicting findings it is
difficult to discern whether the observed trends relate to cholesterol lowering in general,
to specific drugs for cholesterol lowering, to naturally low cholesterol or are simply a
statistical artefact.

Lowering of plasma cholesterol should be achieved by diet alone, where possible, with
drug intervention being reserved only for those at very high risk of coronary heart
disease. Cholesterol reduction should be desirable only for those with raised cholesterol
concentrations, and not as a general population measure.

An argument against a causal link between low cholesterol and disease is the fact that
the levels of cholesterol and diseases vary among different populations. The relationship
is not consistent (Marmot, 1994). If mortality from other causes increases with
cholesterol lowering then intervention would be of doubtful value. Falling cholesterol
concentrations could have different biological effects than consistently low
concentrations. If cholesterol lowering itself is not harmful, and diet is safe, then
attention must focus on the side effects of particular drugs. Drugs will be appropriate for

those at higher risk only when the benefits outweigh the hazards.

Following on from this review of previous studies of coronary heart disease, the next
chapter will consider the West of Scotland Coronary Prevention Study (WOSCOPS) in
more detail. This is a randomised clinical trial of the safety and efficacy of the
cholesterol lowering drug pravastatin, for the primary prevention of CHD.

Chapter 3 will then examine an alternative method of adverse event follow-up for
clinical trials using record linkage techniques, and chapter 4 will consider how record

linkage techniques have been applied to WOSCOPS.
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Chapter 5 will compare this alternative method of follow-up using record linkage with

the more traditional follow-up methods routinely applied in WOSCOPS, in order to
assess the quality of the follow-up achieved by each of these methods in the context of a
clinical trial.

Having thus assessed the quality of adverse event data obtained by record linkage for the
clinical trial branch of WOSCOPS, chapter 6 gives an analysis of the data acquired for
the WOSCOPS screened cohort by this technique, in relation to baseline risk factors.
Analysis of this large cohort will address some of the issues raised in this chapter. The
outcomes of all-cause mortality, coronary heart disease deaths, cancer deaths and trauma
deaths will be examined, as well as cancer incidence. Analysis will consider the
coronary heart disease risk factors discussed above, with primary emphasis on
cholesterol, alcohol consumption and a measure of socio-economic status.

Chapter 7 will compare the event rates observed in the screened cohort (via record
linkage) to the event rates for the population in the area of screening, in order to assess
how representative of the general population a screened cohort is.

Finally, chapter 8 will give a review of the conclusions which can be drawn from this

thesis, and suggestions for future work to be undertaken.
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Chapter 2
The West of Scotland Coronary

Prevention Study

2.1 Background to the study

Previous epidemiological studies have consistently supported the link between raised
plasma cholesterol levels and increased rates of coronary heart disease mortality, both
individually and combined (Stokes et al, 1987; Law, Wald and Thompson, 1994). The
three largest of the previous clinical trials of cholesterol lowering agents, the WHO
clofibrate study (Committee of Principal Investigators, 1978), the Lipid Research
Clinics Coronary Primary Prevention Trial (Lipid Research Clinics Program, 1984) and
the Helsinki Heart Study (Manninen et al, 1988) have also supported this causative link,
although their results have been disappointing due to low statistical power. These and
other studies have been discussed in Chapter 1.

The West of Scotland Coronary Prevention Study (WOSCOPS) was the fourth large
clinical trial to be carried out on the use of cholesterol lowering drugs for the primary
prevention of coronary heart disease. WOSCOPS was a double-blind, randomised,
placebo-controlled primary prevention trial in middle-aged men (45-64 years) with
raised cholesterol levels. It was designed to test the long-term safety and efficacy of the
cholesterol lowering drug pravastatin, a competitive inhibitor of 3-hydroxy-3-
methylglutaryl coenzyme A (HMG CoA) reductase, in the primary prevention of
coronary heart disease morbidity and mortality. The HMG CoA reductase inhibitors
have been shown to be potent reducers of LDL cholesterol with reductions of 30% being
readily achievable with once per day treatment. Early experience with this class of drugs

has shown good compliance and a low incidence of adverse events. Active treatment
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should result in reductions of up to 34% in LDL cholesterol, as much as 25% in plasma

triglyceride, and mean increases of up to 14% in HDL cholesterol, thus significantly
improving the whole lipoprotein profile (La Rosa, 1989).

The design and administration of WOSCOPS are described in more detail elsewhere
(West of Scotland Coronary Prevention Study Group, 1992). The major trial endpoint
was coronary heart disease death plus non-fatal myocardial infarction. The study also
reported on the incidence of coronary mortality, all-cause mortality, coronary artery
bypass graft, angioplasty, coronary arteriography and cerebrovascular disease. 90% of
the subjects lived within a 30 mile radius of the Data Centre in the University of
Glasgow, with the remaining 10% coming from the area of Dumfries and Galloway
approximately 90 miles to the south of the city. All randomised subjects gave informed
consent including written permission for the follow-up of their medical records.
Participants were monitored for an average of 5 years to obtain long-term efficacy and
safety information. By the end of the study, WOSCOPS had accumulated approximately
32,000 patient years of follow-up.

The progress of the trial was reviewed regularly by an external Data and Safety
Monitoring Committee, which was responsible for recommending the continuation or
termination of the trial in the light of any observed treatment effects (whether
pronounced adverse effects or significant benefits). This external committee was the

only body with access to unblinded information during the course of the trial.

In WOSCOPS, the statistical power was improved, as compared to the Lipid Research
Clinics Coronary Primary Prevention Trial (LRC-CPPT) and the Helsinki Heart Study
(the 2 more recent large clinical trials of cholesterol lowering drugs), by

1) using a larger sample size, with 6595 men randomised to either pravastatin or placebo
(an increase of 50% compared to the LRC-CPPT (3806 men) and the Helsinki Heart
Study (4081 men)).

.2) recruiting older men, age 45-64, with a corresponding higher cardiac event rate (mean
age=55.2 in WOSCOPS, mean age=47.8 in LRC-CPPT and mean age=47.3 in Helsinki
Heart Study).

3) recruiting men in a high risk area (the West of Scotland has among the highest rates

in the world).
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4) using a powerful new cholesterol reducing agent, pravastatin, which has the potential

for reducing the cardiac events in the active treatment group by at least 30% over the
average 5 years of follow-up. This drug is substantially more palatable than the drugs
used in the previous studies, easy to take and with few apparent side effects, and should
thus ensure a higher compliance with the study protocol (West of Scotland Coronary

Prevention Study Group, 1992).

In addition to the clinical trial side of WOSCOPS, the population screening programme
provided important epidemiological information on coronary heart disease risk factors
in the West of Scotland. There has been substantial scientific and health board interest
in following these people up, to study relationships between baseline risk factors and

incidence of heart disease, cancer and other illnesses.

The process of recruitment involved the initial population screening programme
followed by two filtering visits and a randomisation visit. This led to different levels of

data being available for subjects who reached each stage.

2.2 Screening visit 1

In order to randomise 6595 men into the study, it was necessary to carry out a large
population screening exercise, which ran from October 1988 until March 1991. Initially,
screening was open to all adults, but as time went on, more emphasis was placed on
screening men in the targeted age range of 45-64, who were identified from doctor’s
age-sex registers or local health centre computerised databases (GPASS), and invited by
mail to come for screening. Screening took place in four health board areas, Greater
Glasgow Health Board, Lanarkshire Health Board, Argyll and Clyde Health Board, and
Dumfries and Galloway Health Board, all of whom gave ethical permission for the

study.

Of the 105,383 subjects who attended an initial screening visit, 16776 were women, and

88,607 were men, of whom 81,161 were age eligible. At this first screening visit,
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subject identifying information was collected, as well as information on risk parameters,

personal history, clinical findings and demographic variables. While baseline
measurements of risk factors are available for all of these 105,383 subjects, only 97,165
subjects had complete name, address and date of birth information recorded.

The full list of variables measured can be seen in Table 2.1. At this first screening visit,
data were entered directly into a computer database by the screening centre nurses and

no case report forms were completed.

Identification Name

Address

Date of birth

Sex

Marital status (see below)
Date of screening visit 1

Demography Educational level (see below)
Occupational category (see below)
Risk parameters Height (cms)
Weight (kg)

Aerobic exercise (hours per week)
Diastolic blood pressure (mmHg)
Systolic blood pressure (mmHg)
Cholesterol (mmol/l)

Smoking habit (see below)

Number of cigarettes smoked per day
Number of years smoked

Number of years stopped smoking
Alcohol intake (units per week)

History / clinical findings Personal history of CHD (yes/no)

Personal history of diabetes (yes/no)

Personal history of hyperlipidaemia (yes/no)
Personal history of hypertension (yes/no)
Number of first degree relatives dead from CHD
Presence of xanthomata (yes/no)

Presence of corneal arcus (yes/no)

Table 2.1 Data recorded at screening visit 1
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Marital status: single Education:  left school < 16
married highers
widowed technical college
divorced university
separated other

Occupation: unemployed Smoking: never smoked
unskilled ex-smoker
skilled current cigarette smoker
managerial current pipe / cigar smoker
professional
other

At this stage, the cholesterol measurement related to Total Cholesterol as measured
using a Reflotron bench-top analyser. The obvious physical signs of xanthomata and

corneal arcus, possibly indicating hypercholesterolaemia, were also noted at this visit.

Two derived variables were calculated from this recorded information:

weight
height 2

Age = Date of screening visit 1 - Date of birth, and Body mass index =

Men in the targeted age range who had a total cholesterol level > 6.5 mmol/l, no
knowledge of a previous myocardial infarction and who were willing to participate were
given dietary advice on cholesterol reduction and invited to return for a further

screening visit in 4 weeks time, as a potential recruit.

2.3 Screening visit 2

From the second screening visit onwards, all data collected at the screening centres were
recorded on standard case report forms. Approximately 20,800 men with high
cholesterol returned for a second screening visit, when they underwent a fasting

lipoprotein analysis, in which total plasma cholesterol, triglyceride, very low density
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lipoprotein (VLDL), low density lipoprotein (LDL) and high density lipoprotein (HDL)

cholesterol were determined. If the LDL cholesterol level was > 4.0 mmol/l then the
subject was asked to return in another 4 weeks for a further screening visit. Blood
samples were sent to Glasgow Royal Infirmary for analysis accompanied by a form
containing the patient’s name, address, GP information, centre number and subject
number (this form, containing patient identifying information, is given in Appendix A).
All subsequent screening forms identified the patient only by a patient number and the
patient’s initials. At this second screening visit, patients were also asked about their past
and current general health and family history, with particular emphasis on coronary
events, and the Rose Questionnaire for detection of angina pectoris and intermittent

claudication was administered.

2.4 Screening visit 3

Approximately 13,600 subjects with moderately raised LDL cholesterol and no reported
history of CHD returned for a third screening visit at which a further fasting sample was
taken for lipoprotein analysis, together with blood for a full biochemical and
haematological profile and measurement of fibrinogen and plasma viscosity. The
biochemical and haematological variables measured are given in Table 2.2. A 12 lead
resting ECG was performed at this visit. More detailed information on the subject’s
current health, alcohol consumption, smoking habits (past and present), and

demographic details such as education and employment status were also recorded.
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Biochemical Tests Haematological Tests
AST (u/l) MCV (fD)
ALT (u/l) Haemoglobin (g/1)
ALP (u/1) White cell count (cell/1)
CK (u/) Red cell count (cell/1)

Calcium (mmol/l)

Total protein (g/)

Creatinine (umol/l)
Glucose (mmol/l)
Sodium (mmol/1)

Potassium (mmol/l)
Bilirubin (mmol/l)

Triglyceride (mmol/])

Table 2.2  Biochemical and Haematological Tests carried out at Visit 3

The main inclusion criteria for the trial were based on LDL cholesterol levels as
follows:

- LDL cholesterol = 4.0 mmol/l (154 mg/dl) at both screening visits 2 and 3

- LDL cholesterol > 4.5 mmol/l (174 mg/dl) at either screening visits 2 or 3

- LDL cholesterol < 6.0 mmol/] at either screening visits 2 and 3

This requirement of a raised LDL cholesterol level on 2 occasions, measured several
weeks apart, meant that subjects whose cholesterol level became acceptable simply by
following the dietary advice given were not randomised to study treatment. These
requirements also excluded subjects who consistently showed a very high LDL

cholesterol level possibly requiring overt therapy.

Patients with any evidence of previous myocardial infarction (including evidence from
their screening visit 3 ECG), other life threatening illnesses or any physical or mental
disability which might interfere with completion of the study, were excluded, as were
patients with hypertension despite treatment or who were already on lipid lowering
therapy. Subjects with a positive Rose Questionnaire were only excluded if they had
been hospitalised for treatment or investigation of angina within the previous 12
months. There were further exclusion criteria based on the biochemical and

haematological tests carried out at screening visit 3 (West of Scotland Coronary



48
Prevention Study Group, 1992). Biochemical tests provided a general screening to try

to exclude patients with possible concurrent disease. The tests of liver function (in
particular AST and ALT (serum transaminases)) and the muscle enzyme creatine kinase
were carefully monitored throughout the study for safety reasons, so a baseline level

within normal limits had to be established.

2.5 Screening visit 4

The above screening procedures resulted in 6595 subjects being randomised to treatment
with either placebo or pravastatin at their fourth screening visit. These randomisation

visits took place between February 1989 and September 1991.

At the randomisation visit (visit 4), a trial physician conducted a general physical
examination and an opthalmoscopic examination for lens opacities and visual acuity,
and further details were collected on blood pressure, heart rate, height, weight and
concurrent medication. If the subject was willing to take part in the study, then written,
informed consent was obtained and the subject was randomised. All screening case
report forms were then transmitted to the Data Centre where the data was entered,

verified and stored in a central computer database.

The baseline characteristics of the 6595 randomised subjects as recorded at screening
visit 1 are presented in Table 2.3, along with the corresponding data for the screened

population of men in the same age range.
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All Screenees Randomised Subjects

Continuous variables
Age at visit 1 (years) 54.8 (5.7) 54.8 (5.5)
Systolic BP (mmHg) 137.4 (19.2) 138.2 (18.5)
Diastolic BP (mmHg) 84.9 (10.8) 85.4 (10.5)
Weight (kg) 77.5(12.4) 78.5(11.0)
Body mass index (kg/m®) 25.8 (3.7) 26.1 (3.2)
Total cholesterol (mmol/l1) 59(1.2) 7.3 (0.7)
Categorical variables
History of hypertension 16.1 14.7
History of hyperlipidaemia 2.6 4.0
History of CHD 11.6 4.6
Current cigarette smoker 36.5 36.7
Alcohol (units per week)

<21 units 80.4 82.0

>= 21 units 19.6 17.8

Table 2.3  Comparison of data recorded for all age eligible men (81,161 subjects) and the randomised
subjects (6595 subjects). Continuous variables are presented as mean (standard deviation). Data for
categorical variables are given as percentages of all subjects in the ‘All Screenees’ group or ‘Randomised

Subjects’ group as appropriate.

The above data suggest that the screening process has not resulted in the selection of a
particular subgroup which is substantially different from the screened population other
than with respect to cholesterol level and previous history of coronary heart disease

(West of Scotland Coronary Prevention Study Group, 1995).

2.6 Subject follow-up during the trial

Patients were followed up in the community, and attended trial centres set up either in
GP’s surgeries, local health centres or other public buildings at 3 monthly intervals, for
monitoring of adverse events (including potential side-effects) or endpoint events,

recording of concurrent medication, re-testing of lipid levels and monitoring of clinical
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and laboratory safety parameters, as well as receiving a new supply of tablets and

returning unused tablets to be counted for compliance assessment. The data on the lipid
levels (post-baseline) were not available to the investigators, in order to maintain
blinding, and were used only for safety purposes. The information collected at each visit
was as in Table 2.4 with patients being required to fast overnight prior to 6 monthly and
annual visits. Participants were also given regular dietary advice and actively

encouraged to stop smoking.

Procedure 3/9 monthly | 6 monthly | 12 monthly
visits visits visits
Compliance pill count X X X
Concurrent medication X X X
Adverse event check list X X X
Record hospitalisations X X X
or other endpoints
Intercurrent illness X X X
Physical examination X
BP, smoking record X X
Full lipoprotein profile X X
Biochemical profile X X
Haematology X
ECG X
Angina questionnaire X
Opthalmic tests X

Table 2.4 Procedures performed at follow-up visits

At 3, 6 and 9 monthly visits, the subject was seen by a nurse and the documentation
checked by a trial physician, while annual (12 monthly) visits were conducted by the
trial physician. The trial physician may have interviewed the patient at any visit or at
times between visits however, if they reported an adverse event. Opthalmic tests were
carried out on an annual basis to check for visual acuity and lens opacity (initially
thought to be possible side-effects of the cholesterol lowering therapy). Any patient
displaying lens opacity was followed up closely by an opthalmologist. At the first

annual visit, a second measurement of fibrinogen and plasma viscosity was made.
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All data entry and validation of case report forms was carried out at the Robertson

Centre for Biostatistics at Glasgow University and central biochemical and
haematological analyses of blood samples took place at Glasgow Royal Infirmary.
Automated ECG analysis was also undertaken at Glasgow Royal Infirmary using the
Glasgow program (MacFarlane, Devine et al, 1990) to generate Minnesota codes, a

scheme for classifying ECG abnormalities (MacFarlane, Latif et al, 1990).

Documentation of adverse events relied primarily on patients’ self-reporting.
WOSCOPS personnel had no direct access to a patient’s medical records even when
trial visits took place at the subject’s own health centre. This process was supplemented
through manual flagging with the National Health Service Central Register (NHSCR)

for deaths and incident cancers.

Information on adverse events was recorded by the medical staff based at each trial
centre, and reviewed by an Adverse Events Committee. Support documentation was
obtained by a clinical researcher from Glasgow Royal Infirmary for all serious adverse
events, including deaths, cardiac events and cancers. The Adverse Events Committee
consisted of three consultant physicians who examined all serious or cardiac adverse
events and allocated an ICD code to them. They also indicated whether an event should
be passed to the Endpoints Committee or not. Possible study endpoints were classified
by the Endpoints Committee, who reviewed all deaths, possible myocardial infarctions
and annual study ECGs which showed serial changes. The Endpoints Committee was
staffed by two cardiologists and an ECG specialist who decided whether or not a given
adverse event met the criteria of an endpoint. Both the Adverse Events Committee and
the Endpoints Committee remained blinded throughout the study. Safety monitoring of
abnormal bloods and general adverse events was carried out at Glasgow Royal Infirmary

by Clinical Co-ordinators.

Subjects who withdrew from taking study medication were encouraged to attend for an
annual visit so that information on adverse events could be obtained, along with a blood
sample and ECG. This was important, as final analysis was carried out on an intention-

to-treat basis, with an outcome being sought for every patient.
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Adverse events were all documented on an adverse event report form. Serious adverse

events, however, triggered specific additional forms depending on the nature of the
event. More than one additional form could be completed for events as required. The
documentation structure is illustrated in Figure 2.1 and examples of some of these forms
are given in Appendix B. Separate forms were completed for a hospitalisation, death,
possible myocardial infarction, coronary arteriography, angioplasty, coronary artery
bypass graft, cerebrovascular accident (stroke) or cancer. A form confirming the event
to be a trial endpoint was also completed by the Endpoints Committee where

appropriate.
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Hospitalisation
report

Cancer form

Cerebro-vascular
accident form

Angioplasty
form
Basic adverse
event form
(coded by Adverse
Events Committee)
Coronary

arteriography form

Coronary artery
bypass grafting form

Possible myocardial
infarction form

Death and endpoint
classification form
(completed by Endpoints

Committee)
Death form /

Figure 2.1  Structure of Adverse Event Documentation

Follow-up was completed at visits scheduled between January and May 1995, at which a
final study ECG was recorded. The vital status of all subjects (including those who

failed to attend their visit) was ascertained during this period.
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2.7 Discussion of the Adverse Event

Reporting System

WOSCOPS adverse event follow-up by patient self-reporting has been supplemented by
flagging the WOSCOPS subjects with NHSCR. Since 1948, NHSCR has contained
brief particulars of every person registered with a GP, updated for deaths and emigration
where known. In the 1970s, information from the National Cancer Register was added,
providing a system by which study subjects can be flagged for all deaths and incident
cancers, by comparing the identifying particulars of study subjects with those known to
NHSCR. Currently, this matching is done clerically, although moves are being made to
automate this system (Acheson, 1987).

A study was carried out in Oxford to assess the efficiency of NHSCR notification of
breast cancers which had been verified as part of a cohort study of women taking HRT
(Hunt and Coleman, 1987). 28 out of the 50 cases observed in the study had not been
notified by NHSCR two and a half years after the diagnosis of the most recent case. Of
these 28 cases, 14 had not been registered (a problem arising from the fact that in the
UK, cancer registration is voluntary), 8 had been registered but had not yet arrived at
NHSCR, 5 were in the process of being notified, and 1 registration could not be linked
to the individual’s record. It was not uncommon for there to be a year between receipt of
a batch of registrations at the central registry and processing at NHSCR, on top of the
delay between diagnosis and registration (median delay was 1 year). This study took
place in England, where 12 cancer registries send data to the Office of Population
Censuses and Surveys (OPCS) centrally, but there is no reason to expect that the
situation is any better in Scotland, where 5 registries send data to the Information and
Statistics Division (ISD) of the Scottish Health Services Common Services Agency for
central processing. Notification of deaths is regarded as being reliable and complete, but

there is concern about the completeness and timeliness of cancer notifications.

Concerns over the completeness of adverse event information derived from patient
reporting and NHSCR, have led to the consideration of an alternative method of patient

follow-up using record linkage techniques.
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Scotland is fortunate in having national databases covering all deaths, incident cancers,

hospitalisations, psychiatric hospitalisations and cardiac surgical procedures. These
databases are all held in Edinburgh within the Scottish Record Linkage System
(Kendrick and Clarke, 1993). Record linkage techniques, which will be described in
chapter 3, made it possible to obtain details of adverse events for the WOSCOPS
subjects from these national databases, as described in chapter 4, using the patient
identifying information recorded at screening visits 1 and 2 (see Appendix A). The more
traditional methods of subject follow-up for clinical trials could thus be validated and
supplemented, as discussed in chapter 5. Record linkage also provided a cost effective
manner in which prospective epidemiological follow-up could be carried out for the

large cohort of subjects who attended screening visit 1.
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Chapter 3
Record Linkage Methodology

3.1 What is record linkage?

'Record Linkage' is simply the bringing together of information from two records believed
to relate to the same individual. When this is based on the calculation of the likelihood of a
correct linkage (that is, that the individuals represented on the two records are really the
same person), the process is said to be 'probabilistic’. Probabilistic record linkage is
appropriate where the identifying particulars used for searching and 'linking' records are
prone to change or are less than reliably reported, or when different subjects may have the
same identifiers. Record linkage techniques are used subconsciously by everyone on a
daily basis, for example, when looking up a number in a phone book. In this example, the
name of the person whose phone number is required is compared to a ‘file’ of names until
a ‘match’ is found. Record matching algorithms are at the heart of all automatic
information retrieval systems. The use of record linkage systems in the context of clinical

trials and cohort studies will be described in Chapter 4.

Although there are a few early references to the problems of record matching (Farr, 1861;
Stocks, 1944), the main stimulus to research in this area came in the 1960s with attempts
to store medical and vital status records on a computer system. As ever more data are
stored in this way, the scope for record matching and, in particular, matching with a
probabilistic element increases correspondingly. The statistician has a role to play in the
production of matching algorithms, assessment of evidence for matching, and evaluation
of the accuracy of results from statistical matching, where there is any uncertainty over the

choice of matched pairs.
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3.2 Standard Methodology for Record
Linkage

3.2.1 Empirical concepts

Much of the early development of record linkage techniques was carried out by Howard
Newcombe and colleagues in Canada (Newcombe et al, 1959). He describes the
probabilistic basis of record linkage and a practical plan for setting up a record linkage
system in his book, the Handbook of Record Linkage (Newcombe, 1988). This section

gives Newcombe’s suggestions on how record linkage may be carried out in practice.

The degree of certainty of a correct linkage obviously depends on the outcomes from the
comparisons of individual identifiers. If all the identifiers agree and are unlikely to have
done so by accident, then the level of assurance of a correct link will be high, but if they all
disagree and are unlikely to have done so in records truly belonging to the same person,
then there is little doubt that the pair are wrongly matched. Partial similarities and
dissimilarities may argue in either direction. Probabilistic record linkage quantifies this
comparison process and decides where the balance lies for intermediate situations where
some of the identifying information points to a link and other information does not. Often
an identifier may fail to agree precisely on a pair of records but be obviously similar
nevertheless. The levels of agreement and disagreement can be subdivided into
appropriate categories of partial match/mismatch, and frequency ratios calculated

accordingly.

The basic question for each comparison is 'How typical is that comparison outcome
among pairs of records relating to the same person (“linked”), as compared with pairs of
records brought together at random (“unlinkable”)?" The first step to addressing this
question is the calculation of frequency ratios. The frequency ratio represents the 'betting
odds' in favour of a correct match, associated with the particular comparison and its

outcome.
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frequency of outcome (X, y) among linked pairs

Frequency Ratio = , ;
frequency of outcome (X,y) among unlinkable pairs

x = value of identifier on file initiating search

y = value of identifier on file being searched

The combined frequency ratios pertaining to a given record pair (that is, their product)
constitute the information on which the overall 'betting odds' in favour of a correct match

are based.

In order to calculate these frequency ratios, one first needs to manually produce a file of a
few hundred correctly matched pairs of records, in order to calculate the frequencies of the
various comparison outcomes in this file of linked pairs. A larger file of record pairs
brought together randomly will provide the frequencies of the outcomes for unlinkable

pairs.

The simplest comparisons use 'global' discriminating powers where the frequency ratios
are derived from the files of linked and unlinkable pairs, but are non-specific for the value
of an identifier. For example, where the surname is the same on both records, but no
account is taken of the rarity of that surname in the population under consideration. Thus,

global treatments under-exploit the discriminating power of the information available.

In practice, global frequency ratios are routinely converted to their 'value-specific'
counterparts wherever this would result in better use being made of the discriminating
power of the identifiers. The frequencies of specific values for such identifiers may be

stored in look-up tables.

freq of agreement in linked pairs (A has specified value)
freq of agreement in unlinkable pairs (A has specified value)

Value-specific freq ratio =

where record A is from the file that initiates the search.
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Both the numerator and the denominator of the value-specific ratio are usually estimated

rather than observed. For disagreements, it is assumed that the particular value of the
identifier on record A does not influence the chance of a disagreement. The global odds
for a given disagreement now provides an estimate for the value-specific odds for the
disagreement. For full agreements, it is assumed that in the linked pairs, the particular
value of the identifier on record A does not influence the chance of an agreement. The
global numerator for a given agreement thus provides an estimate for the value-specific
numerator. It is also assumed that the frequency, in the unlinkable pairs, of a chance
agreement of the particular value of the identifier on record A will be identical to the
frequency of that particular value in the file being searched, thus providing an estimate of
the value-specific denominator for full agreement. However, this simple approach is
inappropriate for partial agreements, due to difficulties calculating the value-specific

denominator.

While the ideal method of obtaining the denominator of these outcome frequencies is from
an actual file of unlinkable pairs, in practice it is often possible to calculate
approximations to them based on various assumptions. For example,

a) Comparison of month and day of birth - Births are assumed to be uniformly distributed
over the months of the year, and over the days of the month. The general formula to obtain

the frequencies of various outcome levels, when the records are matched randomly is

Frequency of discrepancy x = 1 >
n

where n is the number of months in a year, or days in a month and x is the magnitude of
the positive or negative difference between the two months, or days. If both positive and
negative differences are to be included together, then (n-x) must be multiplied by 2. Slight
seasonal variation in the birth pattern has little effect on the accuracy of this calculation,
which yields outcome frequencies almost exactly the same as those found in an actual file
of unlinkable pairs.

b) Comparison of year of birth - For years of birth, it is not reasonable to assume a uniform
distribution. However, for a particular calendar year, the frequency with which there will

be an exact agreement by pure chance, for randomly matched pairs, will be equal to the
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frequency of that year in the search file times the corresponding frequency in the file being

searched. Where the year itself is unimportant, a value non-specific frequency over all
years of birth can be found by summing the frequencies for individual years. Levels of

disagreement can be dealt with in a similar manner.

A simplified, empirical approach to calculating value-specific frequency ratios is to
convert the global ratio to it’s value-specific counterpart using an adjustment factor, rather
than calculating a new ratio. The adjustment factor will depend on whether the agreement
portion of the specific identifier is rare or common in comparison with the general
frequency for that portion of the identifier. The general frequency for an identifier is a

weighted mean of all the specific frequencies in the file being searched.

General frequency = z(frequency of value x)*

X

general frequency

Adjustment factor = in file being searched.

value - specific frequency

For convenience, the ratios of the two frequencies are often expressed logarithmically and
called weights. Value-specific weights (or adjustment weights) are usually stored in look-

up tables, while non-specific global weights are written directly into the comparison rules.

It is often simpler to regard a missing comparison as indicating nothing. But the
assumption that blank fields are essentially neutral may not be true. For example, a blank
middle initial may indicate that the subject has no middle name, rather than that an
existing middle name has been missed out. If blanks could be significant, they should be

treated as another specific value option when calculating frequency ratios.

Identifiers that are logically related may appear on records as separate identifiers or as a
single identifier (for example, first initial plus remainder of first name, or home postcode
plus health board of treatment). The two parts may be compared separately, with the
second comparison being conditional on the outcome of the first, or they may be combined

and concatenated, with recognition of a number of possible comparison outcomes. But
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care must be taken in the calculation of frequency ratios for these conditional comparisons,

and they should not be considered as separate, independent comparisons.

Finding appropriate discriminating rules is a trial-and-error process, requiring repeated
refinements, with the ultimate purpose being for the computer to adopt the strategies of
the human mind in order to keep expensive clerical resolutions to a minimum. More
sophistication in the comparison procedures, possibly involviﬁg unconventional
comparisons or more levels of similarity, are necessary if the numbers of false-positive
and missed linkages are important, and manual checking is to be kept to a minimum.
Much time must initially be spent resolving borderline links, to get clues as to how they
are resolved, and thus develop the comparisons. However, there is a point beyond which
the cost of refining rules outweighs the advantages of applying them, particularly if the

refinement requires an extensive amount of manual review.

The overall odds in favour of a correct link is found by multiplying together all of the
frequency ratios for the comparison pair. This is usually done by converting each of the
frequency ratios into its logarithm, called a weight, and adding the weights to produce a
total weight. This assumes that the various agreements and disagreements are independent
of each other. For a single-step multiple-outcome procedure, the combined frequencies of
all outcomes should add to 100%, among both the linked and unlinkable pairs. Total
weight is a relative measure of the assurance of a correct link, not an absolute measure. It
chiefly serves to rank the matched pairs in order of assurance, but does not indicate what
the actual betting odds' would be. A threshold weight at which the records will be linked
is set by clerical checking. Strictly speaking, total weights reflect only the likelihood or
unlikelihood that the observed similarity of identifying information has arisen other than
by chance. But the ruling out of chance does not necessarily establish that the same person

is involved (Newcombe et al, 1983). For example, the similarity could be due to twins.

The accumulated frequency ratios take no account of the probability that a search record is
in the file being searched, or the size of that file. For example, you might expect only 10%
of your stud