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Abstract

This thesis set out to consider risk factors, in isolation and in combination, for
symptomatic and asymptomatic Peripheral Arterial Disease (PAD), which unlike
Coronary Heart Disease, has not been undertaken in a sample from the general
population aged 55 - 74 years.

PAD shares a common aetiology with coronary heart disease and so it would
be expected that these two conditions would have similar risk factors. Study of the
risk factors for peripheral arterial disease would therefore shed light on important
factors for atherosclerosis in general and hence is relevant to millions in the Western
world suffering from atherosclerosis. The main difference in relative importance of the
risk factors appears to be that smoking is a more important risk factor for peripheral
arterial disease than coronary heart disease.

The risk factors were considered in a hierarchy with health related behaviours
or lifestyle factors such as diet and physical activity preceding the intermediate factors
such as blood viscosity and fibrinogen. Each set of risk factors was considered
separately, followed by consideration of the two clusters of lifestyle and intermediary
factors. Finally, all factors were analysed simultaneously. Social class was strongly
related to many of the lifestyle and intermediary factors.

The results showed that the risk factors in relationship to the Ankle Brachial
Pressure Index (ABPI), an indicator of the extent of asymptomatic and symptomatic
PAD, differed for men and women and for smokers and non-smokers. In women
smoking was the main risk factor, while blood viscosity and fibrinogen although
univariately related to the ABPI, were not independent risk factors.

In men who had never smoked, nonHDL cholesterol and diabetes were the

important risk factors. In men who had ever smoked there were synergistic effects of
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smoking on the relationships between the ABPI and fibrinogen, blood viscosity, leisure
activity, and energy adjusted vitamin C. Other independent risk factors for men who
had ever smoked were diabetes, social class, nonHDL and HDL cholesterol. This
suggests that in considering arterial disease, analyses should be carried out separately
for men and women and perhaps for smokers and non-smokers.

These results indicated that some health education programmes could be aimed
at specific groups, such as female smokers. On the other hand dietary programmes to
reduce cholesterol level could be aimed at the general population.

Finally, the calculation of power and sample size for epidemiological studies
showed that the simple two group comparison calculations generally used
underestimated the sample size required when adjusting for numerous confounders and

when subgroup analyses are likely, as in a cross-sectional study.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Research into arterial disease has tended to concentrate on coronary heart
disease and stroke because of their high morbidity and mortality. Arterial disease of
the lower limbs has largely been ignored in epidemiological studies, even though it
is an important source of morbidity in the general population especially among those
over 55 years (Fowkes 1988c). In addition, study of risk factors for peripheral arterial
disease could shed light on coronary artery disease as these conditions share a
common aetiology.
1.2 Aims and Objectives

The main aim of this thesis is to assess risk factors in isolation and in
combination for symptomatic and asymptomatic Peripheral Arterial Disease in the
general population of Edinburgh aged 55 - 74 years. The term risk factor can have a
number of interpretations. This thesis uses the term to mean an attribute or exposure
that is associated with an increased probability of peripheral arterial disease as
outcome. This implies that a risk factor is not necessarily causal, but may be a risk
marker (Abrahamson 1988).
1.3 Plan of the Thesis

In order to meet this aim the analysis of peripheral arterial disease was
assessed using data from the Edinburgh Artery Study (Fowkes et al 1991). The Case-
Control study used a subset of the population from the main cross-sectional study and
the background to both these studies is described in chapter 2.

For the purposes of this analysis risk factors can be approximately grouped into
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two clusters, that is, lifestyle and personality factors, and intermediary factors. Under
the umbrella of the term intermediary were included rheological and lipid risk factors,
Lifestyle or health behaviour factors included diet, leisure activity, smoking and
alcohol. Lifestyle factors influence rheological factors and plasma lipid levels which
in turn are risk factors for arterial disease. In this sense, lifestyle factors precede or
influence the lipids and rheological factors (intermediary), which may be considered
to be more directly related to peripheral arterial disease. On this basis, the lifestyle
factors in relation to disease are assessed in the next three chapters, dietary factors in
chapter 3, followed by the relationship of leisure activity when aged 35-45 to current
disease status in chapter 4, and finally, the role of personality, especially measures of
hostility in chapter 5.

The next step is concerned with the effect of rheological factors and these are
analysed in chapter 6. There is evidence that lifestyle factors such as exercise are
related to the resistance to flow of blood or viscosity (Ernst 1985) which in turn may
be related to arterial disease status. As blood pressure is also a risk factor for arterial
disease (MacMahon et al 1990) as well as directly and indirectly part of the outcome
measures it is difficult to assess the role of blood pressure in relation to peripheral
arterial disease. Chapter 7 considers the relationship between rheological variables and
systolic and diastolic blood pressure and thereby relates blood pressure indirectly to
peripheral arterial disease through the rheological factors.

Plasma fibrinogen is an important risk factor for atherosclerosis and it is not
clear whether smoking or genetic factors are the cause of raised levels in the general
population. The role of fibrinogen haplotype in determining the level of serum
fibrinogen is considered in chapter 8. In addition, fibrinogen haplotype as a risk factor

independently of serum fibrinogen level is examined. This analysis used data from the
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case-control study which is a subset of the Edinburgh Artery Study and therefore the
sample size was very much smaller.

Chapter 9 brings together the simultaneous consideration of all risk factors to
assess the relative importance of risk factors and their independent relationship to
peripheral arterial disease. Since social class may be related to atherosclerosis it is
introduced in this chapter and the relationship between social class and other risk
factors is also examined.

Having examined the role of risk factors in relation to peripheral arterial
disease chapter 10 turns to the problem of estimating power and sample size in
epidemiological studies with specific examples from the Edinburgh Artery study to
illustrate the procedures discussed.

Finally, chapter 11 discusses the results from previous chapters focusing on the
independence of risk factors for peripheral arterial disease and presents some

implications of these results.



CHAPTER 2

BACKGROUND TO THE EDINBURGH ARTERY STUDY

2.1 CROSS-SECTIONAL STUDY

2.1.1 Study Population

The population for the cross-sectional study in 1988 consisted of the men and
women of Edinburgh aged 55 to 74 years. Ten general practices with catchment
populations spread geographically and socioeconomically throughout the city were
chosen and an age stratified random sample was selected from the age-sex registers
of these practices. The sample size of approximately 1500 was estimated on the basis
of the number required to conduct a subsequent follow-up study. In order to produce
at least 1500 participants, 272 subjects were selected from each practice; 34 males and
34 females from each five year age band. General practitioners reviewed lists of their
patients selected for the study and excluded those who had severe mental illness or
terminal disease, those who had moved from the practice or those who had died.
These exclusions were replaced by other randomly sampled patients.

The study was publicised in the local media and letters of invitation signed
jointly by the study director and a partner in each general practice were sent to the
subjects inviting them to attend a university clinic for a medical examination. An
examination at home was available for those who had difficulty in attending the clinic.
Letters returned by the post office were replaced with invitations to other randomly-
sampled patients. An appointment, map, and details of the examination were sent to
those who agreed to take part in the study. Nonresponders were sent a second letter
of invitation. Respondents who did not attend were offered another appointment,

usually by telephone.



Approximately 20% of subjects in each practice who did not respond or attend
were randomly selected for follow-up. Each was sent a letter enclosing a short
questionnaire. Subjects not returning the questionnaire were telephoned or visited at
home on up to three occasions at different times of the day and evening.

Out of the 2720 subjects aged 55-74 years selected from the age-sex registers,
19% were subsequently replaced; 13% had been excluded by general practitioners and
6% had invitation letters returned by the Post Office. Invitations were finally sent to
2709 subjects of whom 1592 attended for examination, which gave a crude response
rate of 59%. The follow-up of the random sample of nonresponders showed that 19%
had moved and 3% were dead or in hospital. Extrapolation of these results to the
whole sample suggested that the response rate of those receiving an invitation was
65%.

The responders were reasonably typical of the target population. The crude
response rate did not differ substantially by age or sex, although there was some
under-representation of women aged 70-74 years and males aged 55-59 years who
comprised 21.3% and 22.5% (instead of 25%) of women and men respectively (Table
2.1). The social class distribution of responders (Table 2.2) was similar to that of
Edinburgh adult residents in the 1981 census except that the responders contained
fewer social classes IV and V (13% compared to 19%). The crude response rate varied
between the ten general practices from 47% to 71% with the lower response rates
occurring in practices serving deprived areas, thus also suggesting a slight under-

representation of lower social classes.



Table 2.1 Age-Sex Distribution in the Edinburgh Artery Study

Age Group Total
55-59 60-64 65-69 70-74
Females 216 201 199 167 783
(27.6%) (25.7%) (25.4%) (21.3%) (49.2%)
Males 182 205 228 194 809
(22.5%) (25.3%) (28.2%) (24.0%) (50.8%)
Total 308 406 427 361 1592
(25.0%) (25.5%) (26.8%) (22.7%) (100%)

Table 2.2 Social Class(OPCS 1980) distribution in the Edinburgh Artery Study

Social Class Edinburgh’ EAS

n Percentage n Percentage
I Professional 3056 9.9% 168 10.6%
II Intermediate 7962 25.9% 505 31.7%
III Non-manual/ clerical 4873 15.9% 254 16.0%
III Skilled manual 8881 28.9% 452 28.4%
IV Semi-skilled manual 4028 13.1% 148 9.3%
V, VI Unskilled manual, unknown 1890 6.0% 65 4.1%

* 1981 Census




2.1.2 The Questionnaire

The questionnaire was self-administered and contained mostly validated
questions enquiring about personal characteristics, social class (OPCS 1980),
intermittent claudication and angina by the WHO questionnaire (Rose 1962), medical
history including diabetes, smoking, physical activity, personality (Bedford and Foulds
1978, Bortner 1969), diet, and alcohol consumption (Duffy 1985). The complete
questionnaire is in appendix 1, while detailed description of the personality
questionnaires are left to later chapters.

Unemployment or change of occupation can often occur in middle-age or later,
because of ill-health and this may bias social class comparisons if based on current
occupation. Consequently social class was based on either current occupation or if
retired or unemployed, the respondents longest held occupation. The classification
(OPCS 1980) was I - Professional, II - Intermediate, III Non-manual/clerical, III -
Skilled, manual, IV - Semi-skilled, manual, V - Unskilled, manual, VI - Unknown,
unclassified. Married women were classified according to their husband’s occupation.
Social deprivation was also calculated based on small area statistics (Carstairs and
Morris 1991).

Information on Ischaemic Heart Disease was obtained using doctor recall
questions (appendix 1) concerning angina, heart attack and stroke and also from the
WHO questionnaire. Doctor recall questions gave a lower level of angina than the
WHO definition, while doctor recall of heart attack gave a slightly higher prevalence

than the WHO questionnaire (Table 2.3)



Table 2.3 Prevalence of Ischaemic Heart Disease in the Edinburgh Artery Study

n (%)

Yes No
Doctor recall:
Heart Attack 134 (8.4%) 1458 (91.6%)
Angina 166 (10.4%) 1426 (89.6%)
WHO Questionnaire
Heart Attack 99 (6.2%) 1491 (93.7%)
Angina 256 (16.1%) 1336 (83.9%)

Smoking was measured by current, former and never smoked categories, while
a measure of cumulative lifetime smoking (packyears) was calculated as the average
number of packs of cigarettes multiplied by the number of years as a smoker. As the
packyears included a large number of individuals who had never smoked (Fig 2.1a)
a square root transformed variable was used in all the analyses. Similarly, the number
of alcohol units was also positively skewed (fig 2.1b) and a square root transformation

was also used in all analyses.
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2.1.3 Clinical Examination

The clinical examinations were held each weekday morning from August 1987
to September 1988. Ten subjects were invited to each session and were asked to fast
from 11 p.m. the previous evening (if not diabetic) and to refrain from smoking for
two hours prior to the examination. Each subject had two sets of clinical procedures
performed by one of two teams each comprising a nurse and technician. The self-
administered questionnaire was also completed at the clinical examination and then
checked by a member of the survey team.

Peripheral arterial disease was assessed in the clinical examination by
measurement of the Ankle Brachial Pressure Index (ABPI) and by a stress test; the
reactive hyperaemia test. Variability studies of the ABPI suggested that biological
variability was greater than inter- or intra-observer variability (Fowkes et al 1988a).
Reproducibility of the reactive hyperaemia measurements was also assessed (Fowkes
et al 1988 b). Prior to the main study, a pilot study of all clinical and laboratory
procedures was carried out on 50 volunteers from the general public. The quality of
the clinical measurements were checked before and during the study by repeat
measurements taken intermittently by the study co-ordinator.

At the beginning of the clinical examination, 20 ml of venous blood was taken
initially for subsequent estimation of biochemical, haemostatic and rheological factors.
From this the levels of serum total cholesterol, high density lipoprotein (HDL)
cholesterol, triglycerides, blood viscosity, plasma viscosity, haematocrit, and leucocyte
elastase were determined. NonHDL cholesterol was calculated as the total cholesterol
minus HDL cholesterol. Standing height was measured once to the nearest Smm
without shoes using a free-standing metal ruler on a heavy base. Weight, without

shoes and outer clothing, was measured once to the nearest 100g on a digital Soehnle
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scale. A 12-lead ECG and rhythm strip were taken using a Hewlett Packard
"Pagewriter’ electrocardiograph. ECGs were later coded independently by two trained
staff using the "Minnesota code’ (Prineas et al 1982). A third member of staff checked
the two results and, in cases of disparity , coded a third time. If the third code did not
agree with either of the first two, the ECG was read by a consultant cardiologist and
a final code agreed following discussion between the coders.

Next, after ten minutes rest in the supine position, systolic and diastolic (Phase
V) blood pressures were taken in the right arm using a Hawksley random zero
sphygmomanometer. The femoral, posterior tibial and dorsalis pedis arteries were
palpated in both legs. Ankle systolic blood pressures in the right and left legs were
taken using the random zero sphygmomanometer and a Sonicaid Doppler probe. Blood
flow was detected where possible in the posterior tibial artery. The ankle brachial
pressure index (ABPI) was defined as the minimum ratio of ankle pressure to brachial
pressure of the left and right limbs. The distribution of the ABPI in males and females

was reasonably symmetric with a slight negative skewness (Figure 2.2).
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In the reactive hyperaemia test which followed, ankle systolic pressure was
measured in the right and left legs 15 seconds after the release of a cuff occluding
arterial flow just above the knee for four minutes at about 50 mm Hg above systolic
pressure. The timing was standardised using an electronic timer. The maximium
percentage reduction of pressure on reactive hyperaemia was calculated.

Using the WHO intermittent claudication questionnaire, the ABPI and the
reactive hyperaemia test, the following categories of severity of peripheral arterial

disease were constructed:
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1) Intermittent Claudication - positive on WHO questionnaire
2) Major disease - ABPI < 0.7 or maximum percentage reduction on reactive
hyperaemia > 35% or ABPI < 0.9 plus maximum percentage reduction on reactive
hyperaemia > 20%
3) Minor disease - ABPI < 0.9 or maximum percentage reduction on reactive
hyperaemia > 20%
4) Normal
5) Not classified - one or more of the tests missing ( mainly due to incomplete
reactive hyperaemia tests.)

This classification gave 4.6% with intermittent claudication and 6.7% with

major peripheral arterial disease (Fig 2.3)
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Figure 2.3 Distribution of Peripheral Arterial Disease in the Edinburgh Artery Study
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As might be expected there is some overlap between ischaemic heart disease

and peripheral arterial disease; 30.2% of those with intermittent claudication or major

peripheral arterial disease also had angina or myocardial infarction (table 2.4) as

indicated by WHO questionnaire

Table 2.4 Overlap of IHD and PAD in the Edinburgh Artery Study

WHO MI or Angina Total
Yes No
Intermittent 54 125 179
claudication or (30.2%) (69.8%)
Major PAD
None 243 1170 1413
(17.2%) (82.8%)
297 1295 1592

Statistical analyses were carried out using SPSS-X (1986), or BMDP (Dixon et al

1990) statistical packages, while all plots were produced using the statistical packages

S (Becker et al 1988) or Harvard Graphics (1991). Details of particular statistical

methods are described in the relevant chapters.

Before the analysis of the first lifestyle risk factors in the cross-sectional study,

namely, dietary factors, in the following chapter, a brief description of the case-control

study follows.
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2.2 CASE-CONTROL STUDY

The primary aim of the case-control study was to examine the role of
haemostatic factors in thrombogenesis and atherogenesis. This has been reported
elsewhere (Smith et al 1992) and will not be discussed in this thesis. It was not yet
known to what extent alterations in plasma levels of fibrinogen were due to genetic
or lifestyle factors and so fibrinogen haplotype was measured in the case-control
study in order to address this question. In addition, the role of fibrinogen haplotype
independently of plasma fibrinogen level, will be explored as possible risk factors for
peripheral arterial disease (chapter 8).

2.2.1 Cases

Cases of peripheral arterial disease included all subjects from the Edinburgh

Artery Study who fulfilled the following criteria:

1) Ankle Brachial Pressure Index < 0.7 or;

2) A drop in ankle pressure following occlusion of = 35% or;

3) Ankle Brachial Pressure Index < 0.9 plus Intermittent claudication according to
WHO questionnaire. Specificity was 98% (Criqui et al 1985) or;

4) A drop in ankle pressure following occlusion of 2 20% plus Intermittent
Claudication.

Subjects excluded were those who had rest pain, ulcer, gangrene or previous
arterial surgery. The cut-off point of 0.9 for the ABPI was based on hospital studies

and was over 95% specific (Carter 1968).
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2.2.2 Controls

For each case an age and sex frequency matched control was selected within
a five year age band. Controls had:

1) no history of coronary artery disease, cerebrovascular disease or arterial surgery;
2) no angina pectoris or intermittent claudication according to WHO questionnaire;
3) no evidence of ischaemia or previous infarction on ECG (Minnesota coding).

Confirmation that the subject was a case or control was made by repeat
administration of the WHO questionnaire on angina and intermittent claudication and
measurement of ankle and brachial systolic pressures using Hawksley random zero
sphygmomanometer and Doppler probe.

Using information on the variability of plasma fibrinogen obtained in one of
the pilot studies, it was estimated by another statistician that in a study of 120 cases
and 120 controls, after allowing for smoking in the two groups, analysis of variance
would have 80% power at the 5% level of significance to detect a difference in

fibrinogen of 0.22 g/l. In fact, 153 cases and 153 controls were selected for the study.

2.2.3 Statistical Methods

Odds ratios were estimated using logistic regression and since the cases were
frequency matched by age and sex to the controls the appropriate procedure was to
stratify by age and sex in all analyses (Schlesselman 1982). All multiple logistic

regressions were carried out using the statistical package BMDP (Dixon et al 1990).
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CHAPTER 3

DIET

3.1 Introduction

The first lifestyle factor or health related behaviour considered was diet. As the
underlying mechanism of peripheral arterial disease and coronary heart disease is
atherosclerosis, similarities in dietary risk factors for these two conditions would be
expected. However, most research has concentrated on the relationship between diet
and coronary heart disease.

Epidemiological evidence suggests that high levels of consumption of fish oil
(Shekelle et al 1985a), dietary fibre (Morris et al 1977) and polyunsaturated fats
reduce the risk of coronary heart disease, while smoking is associated with a higher
incidence of coronary heart disease (Reid et al 1976). Lower levels of serum total
cholesterol have been shown to significantly lower the risk of coronary heart disease
(Kannel et al 1971, MRFIT 1982, Frick et al 1987) as well as lower total mortality
(Anderson et al 1987, Hjermann et al 1986). Recently it has been suggested that there
may be a link between cholesterol lowering trials and increased risk of death from
accidents/suicides (Muldoon et al 1990), so that cholesterol lowering in the general
population still remains controversial.

In contrast to coronary heart disease the relationship between diet and
peripheral arterial disease has not been studied extensively. In a hospital based case-
control study in Greece (Katsouyanni et al 1991) dietary intake of saturated fatty
acids, proteins and cholesterol were associated with increased risk of peripheral arterial
disease, while high intake of polyunsaturated fatty acids and crude fibre reduced risk.

They concluded that substitution of olive oil for saturated fats and/or the consumption
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of high levels of vegetables and fruit and other fibre containing foods may help to
explain the low occurrence of atherosclerotic disease in Mediterranean countries. In
dietary intervention studies on patients with peripheral arterial disease clinical
improvement has been demonstrated in patients on low fat, high-fibre diets
(Hutchinson et al 1983, Brown et al 1984, Heller et al 1989). Fish oil
(eicosapentaenoic acid) supplementation produced a reduction in blood viscosity
(Woodcock et al 1984).

There has been considerable interest in the past in the role of vitamin E and
atherosclerosis. Vitamin E has been shown to be an effective inhibitor of platelet
adhesion. Intermittent claudication has been treated with a-tocopherol (Vitamin E)
supplementation (Livingstone and Jones 1958, Haegar 1974, Pinsky 1980, Williams
et al 1971) as has angina (Gillilan et al 1977) and thrombo-embolic disease (Kanofsky
1981).

The limited research on diet and peripheral arterial disease has been conducted
only on hospital patients. In The Edinburgh Artery Study one aim was to determine
the relationships between diet and a wide spectrum of peripheral arterial disease in a
representative sample from the general population of men and women aged 55-74

years surveyed in the Edinburgh Artery Study.
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3.2 Dietary Survey Methodology

The influence of nutrition on the genesis of chronic disease has become an
important area of research, but work is hindered by the difficulty of measuring
people’s habitual diets. Diet assessment methods currently available include weighed
food records, food consumption with estimated weight of food, the daily (24 hour)
recall method, seven day recall, the diet history method, and the food frequency
questionnaire (FFQ). Each method may have random or systematic errors and each has
advantages and disadvantages in use (Block 1982). For example , the diet history
method measures the usual pattern of intake but requires a long interview with a
trained nutritionist.

The literature on dietary survey methodology is scattered and few textbooks
consider methods in detail. However, two comprehensive reviews have been published
(Bingham 1987, Cameron and Van Staverne 1988) which cover description of diet
assessment methods available and their accuracy. Biological markers of food
consumption and their potential validatory use are discussed by Bingham (1987) and
by Block (1982) who also make recommendations on the selection of suitable methods
for clinical and epidemiological research.

Diet assessment methods used for CHD epidemiological research have ranged
from weighed records of food intake (Keys 1970) to food frequency questionnaires
(Tunstall-Pedoe et al 1989). Weighed food records are considered to give reasonably
accurate measures of the actual nutrient intake. They usually cover a seven day period
which is not necessarily the most appropriate way to assess the habitual dietary intake
of all nutrients of all individuals within a population. However, this is usually
sufficient to assess an individual’s current energy intake and percentage energy

derived from protein, fat and carbohydrate with an acceptable degree of precision and
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to place individuals correctly at the very extremes of the distribution for more variable
nutrients (Thomson et al 1988). A single 24-hour record or recall should never be used
to assess dietary status or to test association between diet and other risk factors such
as serum lipids (Marr 1971, Bingham 1987), as a single day’s intake may not be
representative of an individual’s usual diet.

Among the short-cut methods available for dietary assessment is the use of a
questionnaire to assess the frequency of consumption of foods. Wiehl and Reed (1960)
suggested that a questionnaire should be used in epidemiological studies of
cardiovascular disease and a number were subsequently developed (Hankin et al 1975,
Jain et al 1982, Yarnell et al 1983). Quantitative estimation of their accuracy is not
possible in many cases, because food frequency methods and questionnaires are
designed to assess the intake of a specific nutrient or food, rather than intake of all
foods and despite their routine use in epidemiology, attempts to validate them are
sparse. Yarnell et al (1983) compared the results of a food frequency questionnaire
with a seven-day weighed record in a Welsh population and found correlation
coefficients for dietary intake ranged from 0.27 to 0.41, and 0.75 for alcohol.
Although correlation coefficients do not measure agreement it is clear that consistency
between FFQ and weighed intake (WI) is very good for alcohol and moderate for
other nutrients. The same questionnaire with some modifications for the alcohol intake
was used in the Scottish Heart Health Study (SHHS) of coronary heart disease risk
factors (Tunstall-Pedoe et al 1989). Bolton-Smith and Milne (1990) validated the FFQ
used in the SHHS and found correlations between 0.18 for sugar to 0.46 for fat, and
0.64 for alcohol. Whenever the percentage energy from nutrients or nutrient density
was calculated the correlation increased to 0.33 for protein to 0.71 for fat, and 0.68

for alcohol, indicating the necessity of adjusting for total energy intake (Willett et al
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1986). The better agreement of the FFQ used in the SHHS compared to Wales
(Yarnell et al 1983) may have been due to the age differences, the longer time interval
of weighed diet assessment (14 days compared to 7 days), and the higher percentage
of non-manual workers (84%) in the Scottish sample. A more recent validation by
Hankin et al (1991) found good agreement between a quantitative diet history method
and detailed food records using intraclass correlation coefficient and weighted Kappa
statistics as measures of agreement. These few comparisons of the two methods
suggest reasonable agreement , and this is especially the case for alcohol intake. The
WI method is time-consuming and requires training to be administered properly, but
is considered to be the ’gold standard’ for assessing dietary intake of nutrients. An
advantage of the FFQ is the ease of administration in large epidemiological surveys
where WI is not feasible for such large numbers. Many important epidemiological
questions can still be usefully addressed by FFQ’s, even if they do not yield

completely accurate measures of nutrient intake, as required by nutritionists.
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3.3 METHODS

In the Edinburgh Artery Study, a version of a food frequency questionnaire
employed in a previous study (Tunstall-Pedoe et al 1989) was used to obtain nutrient
information. This was completed by all who attended the clinic, and a nurse was
available to go through the questionnaire if there were any problems of interpretation.
Calculation of energy and nutrient intakes for individuals was estimated by
multiplying the nutrient content of a typical portion size of the specified food item by
the frequency of consumption and summing over all food items. Where participants
failed to complete all questions, nutrients were still calculated providing a response
had been given to those foods which are major sources of a specific nutrient.

Consequently, some nutrients may have been slightly underestimated.

3.3.1 Statistical Methods

The results of the food frequency questionnaire in terms of nutrients have been
expressed as medians along with the upper and lower quartiles since many of the
nutrients had positively skewed distributions. The nutrients were expressed as
percentages of total energy intake or as energy adjusted nutrients using a procedure
described later. The Mann-Whitney test was used to compare differences in absolute
nutrient intakes between males and females. In addition, the relationships between the
frequency of consumption of individual foods and peripheral arterial disease were
explored by testing for linear trends across the frequency categories: rarely/monthly,
1-3 times/week and 4-7 times/week.

Multiple linear regression was used to assess the independence of associations
between dietary factors and the minimum ankle brachial pressure index of the two
limbs.
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3.3.2 Total Energy Intake

The interpretation of total energy intake, nutrients and their relationship to each
other and to disease in epidemiological studies is often difficult. Total energy intake
is related to body size, physical activity, metabolic efficiency and net energy balance.
Body size is easily obtained in terms of weight and height, while the other
components are more difficult to measure.

Willett et al (1986) suggests that it is important in epidemiological analyses to use
measures of nutrient intake which are independent of total energy intake, especially
whenever energy is related to disease. In the Edinburgh Artery Study total energy
intake was weakly correlated with disease status (r = 0.04) as measured by the ankle
brachial pressure index (ABPI). Nevertheless, Willett et al (1986) suggests nutrient
measures independent of total energy intake are preferable. Most nutrients are
positively correlated with total energy intake with weaker correlations for vitamin C
and PB-carotene. In order to produce uncorrelated nutrient measures, one method is to
express them as a percentage of total energy intake for macronutrients; and for
micronutrients, simply divide the absolute value by total energy intake in kilocalories.
In either case the resulting measure is known as nutrient density (ND). However, for
those nutrients only weakly correlated with total energy intake and disease, the result
of calculating ND is a measure which is more correlated with energy intake and
correlated in the opposite direction with respect to disease. Another potential drawback
is that this procedure may lead to a measure which has greater variance than the
original measure.

Alternatively, ’energy-adjusted * nutrient intakes (Willett et al 1986) were obtained
from the residuals of the regression of each of the nutrients with total energy intake

as predictor, applying the usual assumptions of regression. The residuals were added
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to the expected nutrient intake for the mean total energy intake of the population to
give more meaningful measures of nutrient intake. This procedure gave relatively
uncorrelated measures of nutrient intake which were used in the multiple linear
regression models with ABPI as outcome.

Further models were fitted to assess the independence of dietary factors from
other factors known to be associated with the ABPI such as age, sex, height and
cigarette smoking. Smoking history was defined in two ways. Firstly, consumption
was estimated in terms of packyears which is a measure of the amount smoked and
the number of years as a smoker. A square root transformation of packyears was used
in the models to give a more symmetrical distribution for the analyses. Secondly,
when interactions with smoking were found, the population was divided into those
who had never smoked and those who were ex-smokers or current smokers (ever

smokers).
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3.4 RESULTS

The absolute values of nutrient intakes and as a percentage of energy for males
and females in the population of the Edinburgh Artery Study are shown in Table 3.1.
Most levels of nutrient consumption were higher in males with the exception of
vegetable fibre and vitamin C which were significantly higher in females. In addition,
females had significantly greater intake of protein and polyunsaturated fat as a
percentage of total energy compared to males. Table 3.2 shows the trend in mean
ABPI in females across three categories of frequency of food consumption:
rarely/monthly, 1-3 times per week, and 4-7 times per week. There were significant
reductions in mean ABPI in females with increasing consumption of low fibre
breakfast cereal, meat pies and pasties and pork/bacon/ham, and significant trends in
mean ABPI with increasing frequency of consumption of onions and biscuits/sweets.
Among males (table 3.3) there were significant linear reductions in mean ABPI with
increasing consumption of white bread and meat pies and pasties, while significant
increases in mean ABPI were associated with increasing consumption of wholemeal
bread, high fibre breakfast and pears. Increasing lard consumption in males and
females was associated with lower levels of mean ABPI but this did not reach
statistical significance. Caution should be applied in interpreting these results because
of the problem of multiple testing, although the number of significant tests is greater
than would be expected by chance alone. Tests of association and for linear trend were
carried out. As the test for trend may be more powerful, these are presented and the
significant linear trends (tables 3.2 and 3.3) provide stronger evidence of cause and

effect than the more general tests for association.
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Table 3.1 Medians and upper and lower quartiles of absolute nutrient intake and

as a percentage of energy in males and females aged 55-74 years in the

Edinburgh Artery Study
FEMALES(n=783) MALES(n = 809)
Quartiles Quartiles L
Median Lower Upper | Median Lower Upper
Total Energy (kcal) 1774 1492 2090 | 2040 1731 2449 ok
(%) of Total Energy
(excluding alcohol) from:
Total fat 38.1 34.4 420 | 380 33.6 44.6
Carbohydrate 44.2 40.3 47.8 452 415 49.5 hid
Protein 174 15.9 19.1 16.8 15.5 18.3 ki
Saturated fat 16.5 14.0 19.5 16.2 13.9 18.8
Polyunsaturated fat 4.9 3.7 6.7 45 35 6.4 *k
P:S ratio 0.31 0.20 0.46 0.30 0.19 0.44
Alcohol (g) 1.2 0.0 6.2 9.5 1.2 21.9 *ok
Cereal fibre (g) 8.9 6.2 12.8 9.7 6.9 14.0 ook
Vegetable fibre (g) 12.2 9.5 15.0 10.5 7.8 13.7 i
Vitamin C (mg) 63.5 46.3 854 48.3 35.0 67.5 ok
Cholesterol (mg) 309.4 2382 3964 | 3282 258.8 433.6 | wkk
Retinol (pg) 646.7 404.6 9569 | 6579 4273 985.3
B-carotene (mg) 33 1.8 58 33 1.8 4.8
o-tocopherol (mg) 8.1 6.1 12.2 8.2 6.1 12.7
Linoleic acid (g) 72 5.1 117 i 54 119 *

* p<0.05; ** p<0.01; *** p<0.001; Mann-Whitney test, Males v. Females
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Table 3.2 Age adjusted mean(se) ABPI by frequency of individual food consumption
in Females in the Edinburgh Artery Study

Age adjusted mean (se) ABPI

Frequency of food Monthly/  1-3 4-7 Linear

consumption Rarely per week  per week Trend

(p - value)

White bread 1.00 1.01 1.01 0.91
(0.01) (0.02) (0.01)

Wholemeal bread 1.01 1.01 1.01 0.93
(0.01) (0.02) 0.01)

Low fibre breakfast 1.02 0.98 0.98 0.04

cereal e.g.porridge, (0.01) (0.02) (0.02)

Rice Crispies

High fibre breakfast 1.01 1.01 1.01 0.75

cereal e.g. Bran (0.01) (0.03) (0.02)

Flakes, Puffed Wheat

Pork, bacon, ham 1.03 1.00 0.94 0.002
(0.01) (0.01) (0.03)

Meat pies and pasties 1.01 0.98 0.84 0.03
(0.01) (0.01) 0.24)

Kippers, herrings, 1.02 1.00 0.94 0.06

tuna, mackerel (0.01) (0.01) (0.06)

Carrots 0.99 1.02 0.99 0.71
(0.02) (0.01) 0.01)

Onions (raw, cooked) 1.00 1.00 1.03 0.04
(0.01) (0.01) (0.01)

Sweets, biscuits, 0.99 1.01 1.04 0.002

jellies, etc. (0.01) (0.01) (0.01)

Lard, dripping, solid 1.01 1.00 0.97 0.09

veg. oil (0.01) (0.01) (0.04)

Apples 0.99 0.99 1.03 0.11
(0.01) (0.01) (0.01)

Pears 1.01 1.01 1.02 0.46
(0.01) (0.01) 0.03)
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Table 3.3 Age adjusted mean(se) ABPI by frequency of individual food consumption

in Males in the Edinburgh Artery Study

Age adjusted mean (se) ABPI

Frequency of food Monthly/ 1-3 4-7 Linear

consumption Rarely per week  per week | Trend

(p-value)

White bread 1.08 1.05 1.04 0.0008
(0.01) (0.02) (0.01)

Wholemeal bread 1.05 1.08 1.07 0.03
(0.01) (0.02) (0.01)

Low fibre breakfast 1.06 1.04 1.06 0.97

cereal e.g.porridge, (0.01) (0.02) (0.02)

Rice Crispies

High fibre breakfast 1.05 1.08 1.10 0.02

cereal e.g. Bran (0.01) (0.03) (0.02)

Flakes, Puffed Wheat

Pork, bacon, ham 1.05 1.05 1.06 0.80
(0.01) (0.01) (0.03)

Meat pies and pasties 1.07 1.04 1.05 0.03
(0.01) (0.01) 0.07)

Kippers, herrings, 1.05 1.04 0.99 0.29

tuna, mackerel (0.01) (0.01) (0.09)

Carrots 1.03 1.05 1.07 0.07
(0.02) (0.01) (0.01)

Onions (raw, cooked) 1.04 1.06 1.08 0.08
(0.01) (0.01) (0.02)

Sweets, biscuits, 1.05 1.06 1.07 0.22

jellies, etc. (0.01) (0.01) (0.01)

Lard, dripping, solid 1.07 1.04 1.04 0.06

veg. oil (0.01) (0.01) (0.03)

Apples 1.05 1.05 1.08 0.14
(0.01) (0.01) (0.01)

Pears 1.05 1.08 1.13 0.004
(0.01) (0.01) (0.03)
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In the multiple linear regression model with ABPI as outcome, there were
significant relationships between ABPI and age (p < 0.0001), height (p = 0.03) and
smoking (ever vs. never, p < 0.0001). Sex (p = 0.22) and total energy intake (p =
0.‘76) were also added to the model and this formed the core model to which energy
adjusted nutrients were added simultaneously (Table 3.4). The number of diabetics in
the study (known or positive in glucose tolerance test) was small (5.7%) and when a
dummy variable representing diabetes was added to the model, this was not
statistically significant and did not greatly alter the regression coefficients of the
nutrients.

The energy adjusted intake of alcohol had the strongest correlation with the
ABPI and a significant interaction with sex was found in the regression analysis at the
low 10% level. Alcohol was positively associated with the ABPI in males (p = 0.01)
when added to the core model, while there was no significant association in females.
Similarly, cereal fibre intake had a significant interaction with sex (p = 0.05) and was
significantly related to the ABPI in males (p = 0.002), but not in females. A highly
significant interaction (p = 0.006) was found between vitamin C and smoking (ever
vs. never). In those who were ex-smokers or current smokers vitamin C was
significantly related to the ABPI (p=0.01) but this association was not significant in
lifelong non-smokers (Table 3.4). There were no other significant sex by nutrient or
smoking by nutrient interactions. Finally, the antioxidant o - tocopherol (Vitamin E)
was significantly associated (p = 0.03) with an increase in the ABPI, after adjustment
for all variables in the core model. Vegetable fibre and -carotene were univariately
related to high levels of the ABPI (p < 0.1), although not reaching statistical
significance. In the multiple regression analysis these along with the other non-

significant nutrients were not independently related to the ABPI.

29



Table 3.4

Multiple linear regression of age, sex, height, smoking and energy
adjusted nutrients on the ABPI in the Edinburgh Artery Study

Change in ABPI
X 100 (se) p-value
Sex ( 1 = Female, 2 = Male) -6.23 (5.09) 0.22
Age ( + 10 years) -5.77 (0.81) <0.001
Height ( + 10 cm) 1.44 (0.67) 0.03
Cigarette smoking -14.11 (2.57) <0.001
(ever vs never)
Total Energy Intake 9.71 (32.1) 0.76
(+1000 kcal)
Energy Adjusted Nutrients
(+ 1 unit)
Vitamin C : Never Smoked -0.02 (0.03) 0.39
Ever Smoked 0.06 (0.02) 0.01
Cereal Fibre (In) : Males 491 (1.57) 0.002
Females 0.91 (1.49) 0.54
Alcohol (In) : Males 1.41 (0.58) 0.01
Females 0.17 (0.62) 0.78
Retinol (In) -0.77 (0.96) 0.42
o- tocopherol (In) 4.73 (2.11) 0.03
B- carotene (In) 0.43 (0.66) 0.52
Carbohydrate (In) -0.01 (0.02) 0.74
Vegetable fibre 0.01 (0.17) 0.95
Protein (In) -2.56 (3.87) 0.51
Saturated fat (In) 1.75 (3.05) 0.57
Polyunsaturated fat (In) 5.17 (8.62) 0.55
Cholesterol -0.002(0.006) 0.69
Linoleic acid (In) -8.92 (7.74) 0.25

- natural logarithm
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3.5 DISCUSSION

3.5.1 Bias in regression coefficients due to measurement error

The FFQ method of assessing nutrient intake is prone to error, both within
subject random error and systematic error (more likely underestimation). The
consequence of error in one measure is to bias the regression coefficient for that
particular measure towards the null value, that is, zero and hence it is less likely to
be significant. The problem is greater when a number of confounders are present and
correlated with the variable of interest. In this case the bias can be in either direction
and so inflate or reduce the size of the regression coefficient. Thus measurement error
can contribute to either giving falsely ’independent’ associations or falsely non-
significant results (Phillips and Davey Smith 1991).

A number of methods have been proposed to deal with this problem. Om_:
method based on logistic regression (Rosner et al 1989, Rosner et al 1990) requires
a validation study that will provide an independent, unbiased estimate of each
subject’s true nutrient intake value. This does not have to include all the subjects, a
random sample is sufficient. In a dietary study, for example, a random sample of
subjects would have nutrient intake assessed by the ’gold standard’ method, weighed
record as well as by FFQ. Based on the regression coefficients A relating the true
measure to the surrogate measure in the subsample, the true logistic regression
coefficients ¥ are estimated by B’ A™ where B’ is the regression coefficient obtained
from the logistic regression on the surrogate measure for the whole sample. This
method also corrects the confidence interval, allowing for a component of variability

due to estimation of the measurement error from the validation study (Rosner et al
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1989). The method assumes multivariate normality for the error terms in the regression
of the surrogate measures on the true measures and is only suitable for continuous
exposures. It also assumes that the probability of disease is small. Rosner et al (1992)
extended this method further for measures such as cholesterol which does not have a
gold standard measure by using a reproducibility substudy to estimate corrected
regression coefficients for logistic regression.

Phillips and Davey Smith (1991) used a simulation method to estimate the
correct regression coefficients B° and found good agreement with the method of
Rosner et al (1989). The advantage of this method is that it requires a replicate study
rather than a validation study but its disadvantage is that it can only be used when a
limited number of exposures are being considered.

Thus, one way of overcoming the problem of bias in the regression coefficients
in dietary studies would be to have a validation study for a random sample of the full
study in which a ’gold standard’ method such as the weighed record method is also
used to assess nutrient intake. However, one advantage of the procedure of calculating
energy adjusted nutrient measures (Willett et al 1986) was to produce relatively
uncorrelated variables and so the problem of confounding between the nutrients is
minimised. With regard to other non-dietary confounders, the general rule that the
relationship between an exposure and outcome cannot be due to confounding by a
factor more weakly associated with the outcome (Schlesselman 1978), it is clear that
smoking, being highly correlated with the ABPI, could explain the significance of
dietary associations. Unfortunately, the Edinburgh Artery study does not have
information on the measurement error of the nutrient intakes or smoking, so that these
methods cannot be applied to the analysis.

In any case, these methods only demonstrate biases and do not completely
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"correct’ for them. Hence the problem needs to be addressed at the design stage of a
study either by a replication study or a validation study which uses a ’gold standard’
measure. Another suggestion made by Phillips and Davey Smith (1991) was to study
populations in which the confounding is not present, but this may be difficult in
practice, for example, when studying peripheral arterial disease in a population where

smoking is not related to the ABPL

3.5.2 Dietary Risk Factors

The FFQ is a common tool in epidemiological studies of diet and disease. One
drawback of this method of estimating nutrient intake is the lack of validation studies.
The energy adjusted alcohol intake showed relatively high Spearman Rank correlations
with HDL cholesterol (r = 0.28 males; r = 0.18 females) and this suggested that
reasonably valid estimates of alcohol intake were obtained (Jackson et al 1991). As
discussed above, another disadvantage of the FFQ method is in terms of measurement
imprecision both in the dietary measures and confounders, and systematic error in
estimating the nutrients, that is, underestimation. These problems can be alleviated to
some extent and a validation substudy in which nutrients are estimated using a ’gold
standard’ is recommended for future work in this area (Phillips and Davey Smith
1991). Despite these methodological drawbacks significant associations of dietary
factors with peripheral arterial disease in terms of the ABPI were detected in the
Edinburgh Artery Study.

The total energy intake and nutrient intakes (Table 3.1) in males were slightly
lower than might be expected from a previous survey in Edinburgh (Thomson et al
1985), although time trends in consumption indicate some consistency with this

finding (MAFF 1989). The exception to the general decrease is a slight increase in
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cereal fibre in the Edinburgh Artery Study. However, comparisons are difficult since
the Edinburgh Artery Study population is older.

When the frequencies of consumption of individual foods were considered, low
ABPI was significantly associated with high frequency of consumption of low fibre
containing foods (white bread in males, low fibre breakfast cereals in females) and
high frequency of consumption of meat and meat products in both males and females.
The significant tests for trend indicate a dose-response relationship and provide
stronger evidence of cause and effect than the more general tests of association. The
results are consistent with the general consensus concerning a "healthy" diet, that is,
high fibre intake and a low intake of saturated fats.

The differences found in the frequency of consumption of individual foods,
especially those containing fibre, according to the ABPI and the calculated nutrient
intakes were also reflected in the regression analyses. In a multiple linear regression
model high cereal fibre intake in males was significantly associated with high levels
of the ABPI, and this relationship was independent of smoking. This finding was
consistent with the recent case-control study (Katsouyanni et al 1991) in Greece, in
which it was found that a significant relationship existed between intake of crude
fibre, which presumably included cereal fibre, and peripheral arterial disease
independently of smoking. In addition, in the Edinburgh Artery Study alcohol intake
in males was associated with an increase in the ABPI. Alcohol intake in males was
significantly related to the ABPI in males and not in females. This was consistent with
a case-control study of New Zealand men and women which showed a lower risk of
myocardial infarction in moderate drinkers compared to total abstainers (Jackson et
al 1991). There is also some evidence that high wine consumption may be beneficial

for coronary heart disease (Renaud and de Longeril, 1992). In the Edinburgh Artery
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Study current drinking habit will be confounded with disease status and this may
explain the positive association.

Dietary cholesterol was not significantly associated with the ABPI and this may
be due to inadequacies of the FFQ to measure cholesterol or that serum cholesterol
is the more important risk factor for peripheral arterial disease.

Food supplements contribute to the intake of nutrients, especially vitamin
intake. Although this was not measured in the Edinburgh Artery Study, a British
survey (Gregory et al 1990) suggests that the prevalence of food supplementation is
low; 16% in the 50-64 age range compared to 51% over one year or a daily use of
21%-40% in the 55-74 age range in the USA (Subar and Block, 1990). Food
supplementation is lower in males than females and the British survey (Gregory et al
1990) consisted of mainly English and Welsh respondents, and vitamin
supplementation was possibly even lower in Scotland. Thus, our measures of vitamin
intake will be underestimates, but it is unlikely that this could explain the significant
findings with vitamin C and o-tocopherol. Nevertheless, food supplementation is
growing in importance as a source of vitamins and so should be included in any future
studies using a food frequency questionnaire.

It is interesting that o - tocopherol (Vitamin E) had a significantly positive
effect on the ABPI (p=0.03), independently of smoking. This finding is consistent
with population studies where low vitamin E was correlated with ischaemic heart
disease (Gey et al 1989) and angina (Riemersma et al 1991). In fact, Vitamin E has
been used to treat intermittent claudication (Haegar 1974, Livingstone and Jones 1958,
Williams et al 1971, Pinsky 1980) and angina (Gillilan et al 1977). It is thought that
the mechanism of prevention of thrombo-embolic disease (Kanofsky 1981) by o-

tocopherol is through inhibition of platelet adhesion (Jondak et al 1989). The
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association of o - tocopherol and the ABPI occurred despite the fact that food
frequency questionnaire derived measures of vitamin E are not as accurate as blood
measures. The other main dietary antioxidant, Vitamin C, which is also thought to be
related to atherosclerosis, showed some positive relationship to the ABPI, but this was
only significant for those who had ever smoked. Non-smokers already had
significantly higher levels of the ABPI and vitamin C than smokers, and so high
intake of Vitamin C would have little effect in non-smokers. By contrast, high dietary
vitamin C intake may partly compensate for the reduction of vitamin C through
smoking, although never reaching the levels in non-smokers. Hence smoking remained

one of the strongest risk factors for peripheral arterial disease.
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CHAPTER 4

PHYSICAL ACTIVITY

4.1 Introduction

4.1.1 Physical Activity and Ischaemic Heart Disease

One of the first studies to show a relationship between physical activity and
ischaemic heart disease found greater mortality among London bus drivers compared
to the more active bus conductors, and also among post office supervisors compared
to postmen (Morris et al 1953). Since these early studies were carried out, increasing
mechanisation and automation has resulted in leisure activity becoming a major
component of total physical activity. Morris et al (1973) showed that mortality from
ischaemic heart disease was significantly reduced in London civil servants who had
taken part in physical activity. Many studies have shown an increased risk of coronary
heart disease associated with a lack of physical activity in leisure time (Kannel et al
1979a, Morris et al 1973, Paffenbarger et al 1978, Morris et al 1980). More recently
Zimmet et al (1991) showed that physical activity in Mauritians improved their
cardiovascular risk factor profiles, in that HDL cholesterol was significantly higher,
while fasting triglyceride levels, uric acid, 2-hour plasma glucose concentration were
significantly lower among more active subjects. In addition, lifelong physical activity

has been shown to reduce the risk of stroke (Shinton and Sagar 1993).
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4.1.2 Physical Activity and Peripheral Arterial Disease

Few studies have concentrated on peripheral arterial disease and it has
generally only been mentioned in studies where the main concern was ischaemic heart
disease. In the Framingham Study (Kannel et al 1979a) an association was found
between low levels of physical activity and the development of intermittent
claudication, which became non-significant on adjustment for age. Levels of physical
activity decline with increasing age. Hence the Edinburgh Artery Study represents the
first examination of physical activity as a risk factor for peripheral arterial disease in

the general population.
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4.2 Methods
4.2.1 Physical activity vs Physical Fitness

The distinction between physical fitness and physical activity should be made.
Physical fitness is a biological marker of the ability to perform physical activity and
so is the outcome of participation in activity and not the process. Most
epidemiological surveys have been concerned with measuring physical activity,
although it has been suggested that physical fitness is a more powerful predictor of
disease (Sobolski et al 1987). In a study of coronary heart disease risk factors Lochen
et al (1992) found that physical fitness was more closely related to other risk factors
but also found physical fitness to be significantly correlated with physical activity.
They suggested that fitness and activity may be two different dimensions with largely
related but independent information. It is also more difficult to measure physical
fitness with suitable precision in population surveys compared to activity. In any case
it is physical activity which promotes fitness and studies have shown activity to be

protective against coronary heart disease (Morris et al 1990).

4.2.2 Measurement of Physical Activity

The usual method of measuring physical activity in large population studies is
through recall questionnaires. These are simple to administer in epidemiological
studies but the grading is crude and can result in over and under-estimation. Among
the other methods which show promise is telemetry which measures the heart rate
response minute by minute (Armstrong et al 1990), although this presents problems
for analysis, with large numbers of correlated observations. There have also been
attempts to measure activity with a single question (Shectman et al 1991) but this has

not been sufficiently validated. Recall questionnaires have been shown to be reliable
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(Blair et al 1991). A recent study (Jacobs et al 1993) showed good correlation between
the Minnesota leisure time physical activity questionnaire and nine other
questionnaires with treadmill estimation of oxygen uptake and body composition, both
of which are gold standard measures of physical activity. They found poor agreement

between the questionnaire and occupational activity.

4.2.3 Statistical Methods

The Edinburgh Artery Study used an adapted version of the questionnaire
employed in the Welsh Heart Health Study (1985 a), which had been validated against
measures of cardiovascular fitness (Welsh Heart Health Study 1985 b). This consisted
of three broad classifications of activity into light, moderate and strenuous (Appendix
1). Respondents were asked to assess the number of twenty minute periods of activity
in the summer and winter in the last year and when aged 35-45 years old. This last
category is important to obtain some measure, albeit crude, of past physical activity
which can be related to present disease status. The summer and winter responses were
then combined and classified into a single measure of leisure activity aged 35-45 with
the following categories; 0 = no leisure activity; 1 = maximum of light activity; 2 =
maximum of moderate activity; 3 = maximum of strenuous activity. Three dummy
variables were created representing each of these categories relative to no activity for
the purposes of multiple regression analyses. The measure of leisure activity at the
time of the survey was correlated (r = 0.56) with leisure activity when aged 35-45 but
present activity was not used in the analysis because of the methodological difficulties
of interpretation in a cross-sectional survey. Present activity would be reduced because
of symptomatic disease. Occupational activity was assessed by two questions for

present activity and for activity aged 35-45. There was no significant association
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between occupational activity and the ABPI and so this was also not explored further.
The analysis concentrates on the ABPI as a continuous outcome which gave
greater power to detect associations. Spearman rank correlations of the ABPI (Chapter
2) which is an indicator of peripheral arterial disease with leisure activity were
calculated and the mean ABPI levels across leisure activity categories was tested for
linear trend. The independent relation between leisure activity and peripheral arterial
disease was assessed using multiple linear regression with the ABPI as the dependent
variable, adjusting for age, sex, BMI, cumulative lifetime smoking as measured by the
packyears and alcohol, lifestyle variables which have been shown to be related to the
ABPI (Fowkes et al 1991). Square root transformed variables for smoking and alcohol
were used in the regression analyses because of positive skewness. Tests for
interaction between other risk factors and leisure activity were also carried out. It has
been shown that social class is related to leisure activity at age 36 (Kuh and Cooper
1992) and so the effect of social class was also assessed in the multiple regression
model. A more thorough analysis of the relationship between lifestyle factors and

social class is discussed in chapter 9.
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4.3 Results
A greater proportion of men (65.7%) indulged in moderate or strenuous leisure

activity when aged 35-45 years (table 4.1), compared to women (39.7%).

Table 4.1 Percentages (n) of men and women taking part in leisure activity when aged

35-45 years in the Edinburgh Artery Study

Leisure Activity aged 35-45 years
None At most At most At most
Light moderate Strenuous
Females 11.9% (93) 48.5% (379) 36.6% (286) 3.1% (24)
Males 8.0% (65) 26.3% (213) 48.0% (388) 17.7% (143)

The Spearman Rank Correlations show a positive relationship between leisure
activity aged 35-45 and the ABPI, alcohol intake and being male (Table 4.2). High
social class is associated with greater leisure activity. Leisure activity in females is
associated with low BMI and high alcohol intake while in males leisure activity is
associated with low smoking. A leisure activity by sex interaction is suggested by the

differing correlations with the ABPI in males compared to females.

42



Table 4.2 Spearman Rank Correlations of leisure activity aged 35-45 years with the

ABPI and risk factors for Peripheral Arterial Disease in males and females

Leisure Activity
(0 = none, 1=light,2 = moderate,3=strenuous)

Females Males Total

(n = 782) (n = 809) (n=1591)
ABPI 0.02 0.13** 0.13**
Sex(1=F,2=M) - - 0.28™
BMI kg/ m? -0.15™ -0.006 -0.06"
Packyears(square -0.004 -0.11% 0.02
root)
Alcohol (square 0.15™ 0.05 0.20™
root)
Social Class* -0.32™ -0.23** -0.27***

*1=1,2 =11, 3 = Il Non-manual, 4 = Il Manual, 5 =1V, 6=V, VI

*p<0.05 " p<001,*™ p <0001
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This is reinforced by the significant positive linear trend (p = 0.0004) in the mean

ABPI with increasing leisure activity in males but not in females (table 4.3).

Table 4.3 Mean (se) ABPI by degree of leisure activity aged 35-45 years

in males and females.

Mean (se) ABPI

Leisure activity

Females Males
None 0.99 (0.02) 0.98 (0.02)
At most light 1.01 (0.01) 1.04 (0.01)
At most moderate 1.01 (0.01) 1.06 (0.01)

At most strenuous 0.99 (0.03) 1.09 (0.02)

Test for trend p =041 p = 0.0004

Table 4.2 showed a significant relationship between smoking and leisure activity in
males and figure 4.1 suggests that the strongest linear relationship between the ABPI
and leisure activity is amongst males who ever smoked. Note also that the mean levels
of the ABPI are higher in the never smoked in both males and females, so that
although the greatest increase in the mean ABPI with leisure activity is in the ever
smoked these mean levels never reach the mean ABPI levels found in the never

smoked, irrespective of the degree of leisure activity.
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In the multiple regression analysis with the ABPI as the dependent variable a
significant leisure activity by sex by smoking (ever vs never) interaction was found
(p = 0.02). Consequently twelve dummy variables were created for each of the leisure
categories relative to no activity separately for males and females in the ever and
never smoked categories. When this model was fitted adjusting for age, BMI, sex,
smoking (ever vs never) and alcohol, increasing leisure activity was significantly
associated with higher ABPI only in males who ever smoked (table 4.4). A dose
response is indicated by the increasing size of the regression coefficients with
increasing degree of activity.

Table 4.4 Results of multiple regression of leisure activity aged 35-45

on the ABPI
Maximum Change in the mean ABPI (se)"
Leisure
activity Females Males
relative to none | Ever Never Ever Never
smoked smoked smoked smoked
Light 0.04 0.01 0.06° 0.05
(0.03) (0.03) (0.03) (0.04)
Moderate 0.03 0.01 0.08™ 0.03
(0.03) (0.03) (0.03) (0.04)
Strenuous 0.07 -0.07 0.10™* 0.05
(0.05) (0.06) (0.03) (0.04)

* Adjusted for age, sex, smoking, BMI and alcohol.

There is some indication of a similar positive effect of activity in females, especially
strenuous in the ever smoked, but this does not reach statistical significance perhaps
because of the low numbers of women who indulged in moderate or strenuous activity
aged 35-45, compared to males and hence the larger standard error. On adding social
class to this model it just failed to reach statistical significance (p = 0.06) and the

regression coefficients for leisure activity did not change.
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4.4  Discussion

Although the questionnaire was relatively crude for measuring leisure activity
it did show relationships between the degree of leisure activity aged 35-45 and arterial
disease, as indicated by the ABPI. This was consistent with multiple regression
analyses of ischaemic heart disease in which it has been shown that physical activity
was an independent risk factor, mainly in men (Kannel et al 1979a). A meta-analysis
of 27 cohort studies showed a reduced summary risk of coronary heart disease for
those who were physically active compared to those who were more sedentary (Berlin
and Colditz 1990).

Relatively few women indulged in moderate and strenuous activity when aged
35-45 (39.7% ) compared to men (65.7 %), which was consistent with other findings
(Kuh and Cooper 1992), although a possible contributing factor is that the Edinburgh
Artery Study scale emphasised competitive sport especially in the strenuous category,
which may be more relevant to males than to females. In the list of items for moderate
or strenuous activity, exercise to music, housework and childminding were not listed,
activities which a high proportion of females carry out compared to males (Kuh and
Cooper 1992). In addition horse riding and sailing, for example, in the light category
could be described as moderate or strenuous depending on their intensity and duration.
The other main problem is that of recall bias but it is difficult to assess how important
this could be in the present study. A recent study suggested that the validity of recall
of previous activity over a ten year period was satisfactory, and independent of recall
interval and age (Blair et al 1991).

Despite these drawbacks there is a highly significant linear increase in the
mean ABPI with leisure activity in males (p = 0.0004). The multiple regression

analysis showed that this increase was most marked amongst those who had ever

47



smoked. It seems that exercise aged 35-45 goes some way to ameliorate the drawbacks
of smoking in terms of the ABPI, but cannot compensate completely. For those who
never smoked there is a weak positive relationship between leisure activity and the
ABPI but the increase does not reach statistical significance. Clearly, smoking remains
one of the strongest risk factors for peripheral arterial disease and the risk is increased

in the absence of adequate exercise, aged 35-45 years.
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CHAPTER 5

PERSONALITY FACTORS

5.1 Introduction

Since Friedman and Rosenman (1974) identified an excess of what later
became known as Type A behaviours in their patients controversy has raged over the
possible role of personality in the pathogenesis of atherosclerosis. They found that
certain types of individuals seemed to be overrepresented in their patients. These
Type A individuals (as opposed to Type B) tended to have a competitive craving for
achievement and recognition, a tendency towards hostility and aggression, and a sense
of extreme time urgency and impatience. They tended to act and speak quickly,
interrupt more often in conversation, show impatience, show little interest in the
aesthetic aspects of life and measure success in quantitative terms rather than the
quality of goals. It has been pointed out that this is a very broad categorisation and
more tried and tested personality measures (Eysenck 1985) could have been studied
in relation to coronary heart disease. Nevertheless, it is the Type A construct which
has entered the medical consciousness.

Friedman and Rosenman (1974) originally measured Type A using a structured
interview, in which Type A behaviour was deliberately evoked and characteristics such
as the tone of voice and speed of reply were noted. The structured interview is
considered the ’gold standard’. However, reliable self-report measures have been
developed such as the Jenkins Activity Survey (JAS, Jenkins et al 1974). Later there
were calls to abandon self-report measures, especially as they do not contain items
relevant to anger and hostility (Friedman and Booth-Kewley, 1988). Other

conventional behavioural measures such as anxiety and depression were found to be

49



as good as the Type A construct in predicting coronary heart disease (Booth-Kewley
and Friedman 1987). Behavioural factors have been studied extensively in relation to
coronary heart disease (Rosenman et al 1975, Haynes et al 1980, and Shekelle et al
1985b) and showed that in general Type A individuals have a greater tendency to
develop coronary heart disease. These studies were all based on US populations where
the type A construct originated and the results in Europe have not been so consistent.
For example, the Regional Heart Study found no association between Bortner Type
A scores and myocardial infarction in 45-59 year old men over a 5 year period
(Johnstone et al 1987).

A recent review (Evans, 1990) suggests that a core part of this relationship
may be concerned with hostility. On the other hand peripheral arterial disease,
although another manifestation of the process of atherosclerosis, has been less
thoroughly explored. One exception by Cottier et al (1983) on a relatively small
sample, found no significant association but intermittent claudicants were poorer at
controlling expressions of anger compared to normal controls, suggesting that large

scale research in this area would be fruitful.
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5.2 Methods
5.2.1 Measurement of Personality

All the 1592 participants in the Edinburgh Artery Study (Chapter 2) completed
a self-reported personality questionnaire which had been used by Cottier et al (1983).
This was the Bortner Personality Inventory consisting of 14 items, each item relating
to different aspects of Type A behaviour (Appendix 1). Each item consisted of a
visual analogue scale from low Type A activity to extreme activity, the scores (1-24)
being assessed after completion using an overlay. The Type A Bortner score was then
calculated as the sum of the scores over all items. In the questionnaire the individual
components of the Bortner were laid out so that the extremes of Type A behaviour did
not always appear on the same side of the page.

Since hostility and anger seem to be important factors in atherosclerosis
(Booth-Kewley and Friedman, 1987), subjects were also asked to complete the
Personality Deviance Scale (Bedford-Foulds, 1978). This reliable and validated
questionnaire consisted of three major scales - extrapunitiveness (blame others),
intropunitiveness (self-blame) and dominance. Each major scale is the sum of two
subscales which in turn consist of six items from the questionnaire; extrapunitiveness
= hostile thoughts + denigratory towards others; intropunitiveness = lack of self-
confidence + dependency; dominance = hostile acts + domineering attitude. Each
question was worded to elicit responses referring to 'most of their life’ in order to
reduce the problem of measuring disease status and risk factor at the same time,
inherent in cross-sectional methodology. The whole questionnaire was checked by a
research nurse and advice given on how to complete any missing items. Peripheral
arterial disease was measured using the WHO questionnaire, the ankle brachial

pressure index (ABPI) and a reactive hyperaemia test. Subjects were classified into
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four categories as follows : 1) intermittent claudication if positive to the WHO
questionnaire; 2) major asymptomatic disease if the ABPI < 0.7 or a hyperaemic
reduction in ankle pressure > 35%; 3) minor asymptomatic disease if the ABPI < 0.9
or a hyperaemic reduction > 20% ; and 4) normal , if none of the above. Mean
personality scores were compared across these categories of disease severity using

tests for trend.
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5.2.2 Statistical Methods - Principal Components Analysis

As the Bortner inventory is composed of 14 items each potentially a factor in
relation to peripheral arterial disease, one means of reducing the dimensionality of the
problem is through the use of principal components analysis. This procedure
transforms the observed correlated variables into a smaller number of uncorrelated
linear combinations of the original variables, which account for a large proportion of
the variation. No statistical model is assumed and the distribution of the variables does

not have to be approximately Normal.

If we let X" = [X;, X,, ... X;] for p random variables with
mean = p and variance-covariance matrix X.
Then we wish to find new Y, Y,, ..., Y, which are uncorrelated with variances

decreasing from first to last and the Y, are linear combinations of the X’s , that is,

Y = aX,; + a,X; + e + 3, X, = a'X

where a,-T = [ ay;, 8y, ..., ay] is vector of constants

The condition afq =X akf = 1 is imposed, that is, the transformation is orthogonal.
The 1st principal component Y, is found by choosing a; so that Y, has the largest
variance. In other words, the procedure maximises Var(a,"X) subject to the constraint

that a,"a, = 1 and this is repeated for a,, a,,.....
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Var(a,"X) = a,"Za, = f(x)
Maximise by Lagrange multipliers, with one constraint
Let L(x) = f(x) - A [g(x) - c]
where f(x,,...,x;) is differentiable function of p variables subject to constraint
E(Xy5enensXp) = C
Then dL/0X = 0 can be written as
of/ox; - A dg/ox; =0 [i=1,2,...p]
L (a) =a,'Za, - A (a," - 1)
dL/da, = 2Xa, - 2\a,
Then dL/0a; = 0 implies (Z-Al)a, =0
If (Z - AI) a, = 0 has other than 0 as a solution then (Z - AI) must be singular
We can choose A such that IZ-All =0
A solution existing implies the A; are the eigenvalues of Z and are all
positive since X is positive semidefinite
Then A, > A, > ...A, 20
and Var(a,’X)= a,"2a, =2"Aa, =1,
The 1st principal component a, is eigenvector of X corresponding to the largest
eigenvalue A,. This is then repeated for a, and so on.
The eigenvectors A where A = [a,,a), ...a)]
Y =A'X
Then X Var (Y, = ZA, = trace (A)
= trace (A"ZA) = trace (ZAAT) = trace (Z) = = Var (X)
In other words, the sum of the variances of the original variables =
the sum of variances of the principal components. So we can say that the ith PC

accounts for A; / 2 A; of the total variation in the original data.
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The Varimax method was used which took the first few components (say m)
and rotated these as a linear combination of the eigenvectors to obtain a new set of
components. The loadings for each of the variables was then as close to 1 or 0 as
possible to make identification of important variables easier.

Logistic regression was used to analyse the relationship between intermittent
claudication (yes/no) and personality scales in the Edinburgh Cross-sectional study.
In addition multiple linear regressions with the ABPI as a continuous outcome were

carried out for the total cross-sectional data and for males and females separately.
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5.3 Results

5.3.1 The Bortner Inventory

The principal components analysis carried out on the 14 items of the Bortner scale
identified 4 principal components which accounted for 50% of the total variation in
the original 14 items (Table 5.1). This is not a particularly high percentage and it
could be that the 14 items have already been selected by principal components
analysis from a much larger Type A inventory. The first component was highly

correlated with the original Bortner score which is the sum of the 14 items.

Table 5.1 Principal components analysis and relationship to the Bortner scale

Principal Cumulative Correlation” with Correlation” with
Component  Percentage Bortner the ABPI

1 21.9 0.80 0.02

2 33.6 0.40 0.07

3 42.9 0.21 0.11

4 50.1 0.14 -0.06

* Spearman Rank correlation
The four principal components identified could be characterised as time pressure,
competitiveness, speed, and emotional expression/job recognition (table 5.2), although
there is an element of subjectivity in these descriptions. The important factors for each

principal component are highlighted in bold in table 5.2 represented by ’large’
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component loadings.The Varimax rotation produces extremes of loading for each item,
that is close to 0 or 1 to make identification of important items easier and aid

interpretation.

Table 5.2 Varimax rotated principal component loadings and correlations with the
ABPI

Trait PC1 PC2 PC3 PC4 Correlation with
ABPI

A ’never late’ -0.06 -0.37 0.50 -0.29 0.03
B 'very competitive’ -0.06 0.71 0.27 -0.06 0.06
C ’interrupt’ 0.40 0.11 0.11 0.44 -0.01
D ’always 0.74 -0.11 0.07 -0.03 0.01
rushed’

E ’impatient’ 0.57 0.26 -0.21 0.05 0.01
F "go all 0.49 0.15 0.49 007 | 007

out’

G 'do many 0.67 0.04 0.07 0.03 0.05

things at once’

H ’emphatic 0.45 0.14 0.17 0.53 0.01
in speech’

I ’job 0.25 032 0.14 -0.64 0.08
recognition’

J 'fast eat 0.26 -0.11 0.64 -0.01 0.06
/ 1alk’

K ’hard 0.44 0.47 0.09 0.30 0.03
driving’

L ’express 0.03 0.32 -0.05 0.46 -0.01
feelings’

M 'few 0.16 -0.27 -0.64 -0.08 -0.10
interests’

N ’ambitious’ 0.17 0.70 -0.18 0.10 0.05
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Apart from the fourth principal component there is a positive relationship
between the constructed dimensions and the ABPI. When considering the correlations
of the individual components of the Bortner with the ABPI, it is notable that only one
item 'few interests apart from work’ is significantly associated with low levels of the
ABPI while the remaining items, as with the first three principal components are
generally positively associated with the ABPIL.

The change in Bortner scores and first four principal components across
categories of peripheral arterial disease are shown in table 5.3. With decreasing
severity of disease to normal there are significant linear trends of increasing scores on
the Bortner scale, time pressure, competitiveness, and speed which is in the opposite
direction to that expected. In other words, type A characteristics are associated with
a lack of disease. For the fourth principal component; emotional expression/job
recognition, although there is a slight suggestion of a positive association, that is, in

the expected direction, this is not significant.
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Table 5.3 Mean (se) Bortner scores and first four Principal Components in

relation to severity of peripheral arterial disease.

Peripheral Arterial disease

Intermittent ~ Major Minor Normal p-value

claudication (n=97) (n=1038)

(n = 67) (n=226)
Bortner 146.7 150.4 151.1 157.6 0.001
Mean (se) (5.4) (3.7 2.4) (1.1)
Time pressure 44.4 45.1 46.5 48.5 0.02
Mean (se) (2.3) 1.7) (1.1) 0.5)
Competitiveness 16.5 17.1 16.5 19.3 0.007
Mean (se) (1.8) (1.3) (0.8) 0.4)
Speed 16.9 19.6 20.9 23.3 0.001
Mean (se) (1.3) (1.1) 0.7) (0.32)
Emotional 32 2.6 2.9 31 0.87
expression (1.1 (1.1) 0.6) (0.3)
Mean (se)

In analysing the relationship between the ABPI and individual items of the
Bortner scale in multiple linear regression, males and females were treated separately,
as the univariate relationships differed between males and females. In a stepwise
regression procedure item M was significant (p=0.005) in females after adjusting for
smoking (square root transformation of packyears), age, HDL and nonHDL
cholesterol, and BMI. This negative association remained on adding known diabetes.
This suggested an independent relationship between low ABPI and having few
interests outside work in females. In males item M was not significant while item G,
"go all out’ was significant (p = 0.01) after adjusting for age, smoking, diabetes, HDL

and nonHDL Cholesterol and BMI.
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5.3.2 Bedford-Foulds Questionnaire

The Bedford-Foulds measures are generally higher for cases of intermittent
claudication compared to others. It is notable that dominance and its subscale
components hostile acts and domineering attitude are higher in claudicants (table 5.4),
although only reaching statistical significance for hostile acts. In addition, males have
significantly higher levels of hostility compared to females (p < 0.0001).

Table 5.4 Mean levels (se) of Bedford-Foulds scales in Intermittent
claudicants and others

Intermittent Others t-test
Claudicants (n=1516) p-value
(0.=72)
EXTRAPUNITIVENESS
Denigratory 12.6 (0.3) 12.4 (0.1) 0.69
towards others
Hostile 11.8 (0.3) 12.3 (0.1) 0.09
thoughts
INTROPUNITIVENESS
Lack self- 12.1 (0.4) 11.8 (0.1) 0.51
confidence
Dependency 13.5 (0.3) 13.6 (0.1) 0.82
DOMINANCE
Hostile acts 14.6 (0.4) 139 (0.1) 0.03
Domineering 15.0 (0.9) 14.8 (0.1) 0.55
attitude

In the logistic regression of hostile acts on intermittent claudication a
significant interaction (p = 0.01) was found for sex and hostile acts and so the analysis
was carried out separately for males and females. After adjusting for age and smoking
the odds ratio was 1.40 ( 95% C.I. = 1.01, 1.95 ) for hostile acts in males, while the

odds ratio for females was 1.18 which was not significant. Hostility is related to
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lifetime cigarette smoking as measured by packyears (r = 0.19), but after adjusting for
cuniulativc smoking the odds ratio for hostile acts in males hardly changed to 1.42 and
remained statistically significant (Table 5.5). The odds ratios were obtained from
standardised coefficients (B;s,) to indicate that hostile acts in males were of comparable
importance as smoking as a risk factor for intermittent claudication. On adding item
M in the Bortner inventory to this model hostile acts in males remained significant,
while the odds ratio for item M in females was 1.50 (95% C.I. = 1.06, 1.73) and was
not significant in males.

Table 5.5 Logistic regression on Intermittent Claudication

Females Males
Variables (+1 SD)

Odds Ratio 95% C.L.)

Odds Ratio (95% C.L)

Hostile acts 1.08 (0.78, 1.51) 1.42 (1.01, 2.00)
Item M 1.50 (1.06,1.73) 1.07 (0.76, 1.51)
’few interests’
Packyears 1.70 (1.24, 2.34) 1.34 (0.94, 1.93)
(Square root)

Age 1.41 (1.01, 1.99) 1.52 (1.06, 2.19)

It might be thought that increased hostility and dominance may be a
consequence of illness rather than antecedents. In order to address this question the
asymptomatic cases were selected, that is, those cases without intermittent claudication
or angina (n = 94) and compared to the controls who were free from disease (n =
149). After adjusting for age and sex, the odds ratios were for dominance (OR=1.37
» 95% CI = 1.04,1.79 , p = 0.02), for hostile acts (OR=1.24, 95% CI = 0.95,1.61 , p

= 0.07), and for domineering attitude (OR=1.39, 95% CI 1.06,1.82 , p = 0.02).
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5.4 Discussion

These results represent the first large scale study of personality traits and peripheral
arterial disease. It was surprising that the Bortner scale and most of the individual
items showed significant trends in the opposite direction to that which might be
expected. Subjects with disease had lower Type A scores and lower scores on the
principal components compared to normals. The most likely explanation is that the
instructions for completion of the Type A inventory relate to the present and so
disease status could influence responses. This is supported by the significant
association of competitiveness and ’going all out’ with absence of disease, aspects
which would be reduced by disease. Also, it is debatable whether many of the items
are relevant to a retired population of this age range. The significant finding of having
’few interests outside work’ associated with disease in females could be the result of
social isolation as a consequence of curtailed mobility. The Type A inventory also
suffers from being self-completed since in a structured interview Type A behaviours
are elicited. However, in a large cross-sectional study the cost of structured interviews
for all subjects would be prohibitive. The 14-item inventory did not contain items on
hostility and this is a major drawback, especially as it has been suggested (Booth-
Kewley and Friedman 1987) that the expression of hostility lies at the core of the
relationship between atherosclerosis and personality (Evans 1990).

The results do support the association of hostility as measured by the Bedford-
Foulds Personal Deviance Scales and peripheral arterial disease. Male subjects with
disease have a tendency to be more domineering and act in a hostile manner in
interpersonal situations. This is consistent with the finding of aggressiveness being
related to coronary heart disease (Booth-Kewley and Friedman 1987). The instructions

for completion of the Bedford-Foulds questionnaire emphasised the retrospective
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nature of actions, that is, respondents were asked to assess how they would behave
’over most of your life’. Respondents could then disregard present aspects such as
disease status and so these scales would more likely represent trait measures. In
addition, when the angina cases and intermittent claudicants were excluded from the
analysis, there was still a significant relationship between hostility and major
asymptomatic disease. This suggests that the personality deviance is unlikely to be a
consequence of disease and so hostility may be an independent risk factor for

peripheral arterial disease in the general population.
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CHAPTER 6
RHEOLOGICAL FACTORS
6.1 Introduction

Blood rheology is the study of the deformation of blood and its resistance to
flow or viscosity and this chapter will consider rheological factors as risk factors for
peripheral arterial disease. Resistance to flow is measured by whole blood viscosity
and important components of this are plasma viscosity, haematocrit and fibrinogen.
Atherosclerosis tends to predominate at certain sites, with lesions occurring at
bifurcations and bends, areas where flow is altered and so haemodynamic factors may
play a part in atherogenesis.

Of all the rheological factors, fibrinogen has been shown to be a major
cardiovascular risk factor (Wilhelmson et al 1984, Stone and Thorpe 1985, Meade et
al 1987), although it is important to assess whether this is independent of smoking as
smoking is known to increase fibrinogen level (Lee et al 1990).

Other important factors are leucocyte elastase, urinary fibrinopeptide A and
uric acid. Leucocyte elastase, a measure of blood leucocytes, is released during early
events in coagulation or other pathways that occur in parellel with coagulation (Plow
1982) and in a small hospital based study was shown to be elevated in patients with
ischaemic heart disease (Dawes 1987).

Fibrinopeptide A is a measure of activation of blood coagulation. It is released
from fibrinogen on conversion to fibrin and so urinary concentration reflects that of
plasma (Alkjaersig and Fletcher 1982).

Plasma uric acid is thought to be related to platelet function which in turn
affects thrombus formation (Winocour 1977) and hence may be a risk factor for

atherosclerosis.



Previous studies have suggested that patients with intermittent claudication may
have activation of blood coagulation (Donaldson et al 1987, Al-Zahrani et al 1992);
increased blood viscosity due to elevation of haematocrit and plasma fibrinogen
(Dormandy et al 1973, Stormer at al 1974, Blunt et al 1980), and increased leucocyte
activation and rigidity (Ciuffetti et al 1988, Nash et al 1988). However these factors
have not been related to peripheral arterial disease in epidemiological studies in the
general population, nor have relationships with other cardiovascular risk factors, such
as smoking, been taken into account.

The Edinburgh Artery Study (Fowkes et al 1991) enables study of the
relationships of whole blood viscosity and its major determinants; haematocrit, plasma
viscosity, and fibrinogen as well as measurements of activation of blood coagulation
such as urinary fibrinopeptide A (Dawes et al 1987) and of blood leucocytes such as
plasma leucocyte elastase (Greer et al 1989) to symptomatic and asymptomatic

peripheral arterial disease in the general population aged 55 - 74 years.
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6.2 Methods
6.2.1 Measurement of Rheological Factors

Details of the study population and recruitment are described in chapter 2.
Peripheral Arterial disease was measured by the WHO questionnaire identification of
intermittent claudication (Rose 1962) and the ankle brachial pressure index.

From a fasting blood sample which was taken on each patient at about 9 am,
serum uric acid was estimated on a Cobas Bio analyser, using a standard kit.
Fibrinogen was measured in citrated plasma by a thrombin-clotting turbidometric
method in a centrifugal analyser (Lowe et al 1991a). Haematocrit was measured using
a Hawksley microcentrifuge and reader. Blood viscosity was corrected to a standard
haematocrit of 45%. This was calculated using the formula of Matrai et al (1987) as

follows:

. 45
bloodv.ls) Taematocrit

plasvis (plasvis)

Corrected Blood vis.=(

Relative blood viscosity, which is corrected blood viscosity/plasma viscosity, was
calculated to give a measure of red cell deformability (Chien 1975). Urinary
fibrinopeptide A was measured by radioimmunoassay (Dawes et al 1987) as was
plasma leucocyte elastase (Greer et al 1989). Quality control was monitored by means

of blind duplicate samples taken intermittently throughout the study.
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6.2.2 Statistical Methods

Tests for linear trends in the mean levels of the rheological factors across four
categories of peripheral arterial disease were carried out. The categories of disease
have been described in chapter 2, and the results of studies comparing the ABPI and
reactive hyperaemia separately with arteriography (Fowkes 1988d) suggest that this
classification has some validity. The main analysis as in previous chapters concentrates
on the ABPI as a continuous measure of peripheral arterial disease giving greater
power to detect associations.

Multiple linear regression was used to investigate the relationships between the
ABPI and age, sex, height, blood and plasma viscosity, haematocrit, fibrinogen,
leucocyte elastase and urinary fibrinopeptide A, uric acid and alcohol and smoking.
The log transformed data for leucocyte elastase and urinary fibrinopeptide A were
used in the analysis because of the positive skewness of their distributions. Height was
included in the regression analysis because it had a positive association with the ABPI
(Fowkes et al 1991). Exclusion of height affected the association with sex, tending to
increase the adjusted ABPI in males. The multiple linear regressions were carried out
with all of the above factors entered simultaneously, and with the subsequent insertion
of total cholesterol, HDL cholesterol, triglycerides (log transformed) and diabetic
status (Known vs non-diabetic). Tests for sex by rheological factors were carried out
as well as a test of the three way interaction of sex by smoking by fibrinogen.

The association with smoking was modelled using the number of packyears as
described in chapter 2. The distribution of packyears was highly skewed with a few
very heavy smokers, and so a square root transformation was used in all the analyses.
The smoking histories were considered valid because stated consumption was related

to mean thiocyanate levels.
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Muldple logistic regressions of age, sex, height, smoking and the rheological
variables were also carried out with the outcome defined by presence/absence of

intermittent claudication.
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6.3 Results

Table 6.1 shows the correlations between the rheological variables. In
particular, haematocrit and blood viscosity are highly correlated ( r = 0.70), as are
fibrinogen and plasma viscosity (r = 0.46) and blood viscosity and plasma viscosity

(r = 0.45).

Table 6.1 Spearman Rank correlations between rheological variables

Blood Plasma Uric Fibrin- Leucoc- Fibrin- Haem-
viscosity  viscosity  Acid ogen yte opeptide  atocrit
elastase A
Blood viscosity 1 047 0.31 0.21 0.20 0.01 0.70
(1377) (1398) (1382 (1333) (1392) (1398)
Plasma viscosity 1 0.18 045 0.26 0.04 0.18
(1506) (1484) (1441) (1500) (1506)
Uric acid 1 0.06 0.11 0.05 0.29
(1547) (1502)  (1566) (1536)
Fibrinogen 1 0.11 0.04 0.05
(1477) (1542) (1513)
Leucocyte 1 0.02 0.13
elastase (1500) (1470)
Urinary 1 0.09
Fibrinopeptide (1530)
A
Haematocrit 1

Fibrinogen increased markedly with age from a mean (se) of 2.52 (0.03) g/l in those
aged 55-59 years to 2.90 (0.04) g/l in those aged 70-74 years. There were many
differences between the levels of rheological variables in men and women (table 6.2),
blood viscosity, haematocrit, leucocyte elastase and urinary fibrinopeptide A were
significantly higher in males (p < 0.001) while fibrinogen was significantly higher in
women (p < 0.001). Mean plasma viscosity did not differ significantly between men
and women. The trends in rheological factors in relation to severity of peripheral

arterial disease are shown in table 6.3 and 6.4.
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Table 6.2 Differences in mean (se) levels of rheological variables

in men and women

Rheological Females Males
factor (n =778) (n = 803) p-value
Mean (se) Mean (se)

Blood viscosity 3.37(0.02) 3.78(0.02) <0.001
mPa.s

Relative Blood 2.56(0.01) 2.68(0.01) <0.001
viscosity

Corrected Blood 3.42(0.01) 3.57(0.01) <0.001
viscosity

Plasma viscosity 1.34(0.004) 1.33(0.003) 0.74
mPa.s

Haematocrit % 44.11(0.12) 47.39(0.13) <0.001
Fibrinogen g/l 279.4(2.5) 264.2(2.5) <0.001
Leucocyte elastase(ln) 3.41(0.02) 3.59(0.02) <0.001
ng/ml
Urinary fibrinopeptide 0.38(0.02) 0.46(0.02) <0.001
A(ln) ng/ml

Uric acid pmol/l 287.4(2.5) 344.3(2.6) <0.001
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Table 6.3 Trends in mean (se) of Rheological variables in females across categories

of peripheral arterial disease.

IC Major Minor Normal  Missing | Total
Rheological @=73) (n=106) (n=228) (n=1071) (n=114) (n=1592 p-
factor ) value*
Mean Mean Mean Mean Mean Mean
(se) (se) (se) (se) (se) (se)
Blood viscosity 3.63 3.38 338 331 3.58 3.37 0.0003
mPa.s (0.06) 0.07) (0.04) (0.02) 0.07) (0.02)
Corrected blood 355 345 344 3.37 3.60 342 0.004
viscosity (0.05) (0.07) (0.03) (0.02) (0.06) (0.01)
Relative blood 2.55 254 2.60 2.55 2.64 256 0.74
viscosity (0.03) (0.03) (0.02) (0.01) (0.03) (0.01)
Plasma viscosity 1.39 137 1.33 132 1.37 1.33 <0.001
mPa.s (0.01) (0.03) (0.01) (0.004) (0.01) (0.004)
Haematocrit % 45.6 44.5 442 43.9 44.1 44.1 0.004
(0.45) (0.70) (0.28) (0.14) 0.37) (0.12)
Fibrinogen 3139 304.2 2712 270.8 303.8 279.4 <0.000
gl (12.1) (9.6) (5.6) 2.9 (8.6) (2.5) 1
Leucocyte 3.74 347 3.36 3.39 3.44 341 0.009
elastase(ln) (0.11) (0.11) (0.06) (0.03) (0.07) (0.02)
ng/ml
Uric acid pmol/1 | 314.7 301.3 294.9 279.2 306.6 2874
(13.1) (10.9) (7.5) (2.8) (8.1) (2.5) 0.0001
Urinary (ng/ml) 23 1.9 15 1.7 1.7 1.7 0.17
fibrinopeptide A | (0.74) (0.41) (0.09) (0.07) (0.10) 0.07)

* Test for linear trend in means; missing excluded.

There were highly significant linear trends (p < 0.001) in males of increasing
blood viscosity, corrected blood viscosity, plasma viscosity, and fibrinogen with
severity of peripheral arterial disease. There were also significant trends in haematocrit
and leucocyte elastase with severity of disease. The results were similar in females
except that there was a significant linear trend in uric acid in females (table 6.3) but

not in males (table 6.4).
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Table 6.4 Trends in mean (se) of Rheological variables in males across categories of

peripheral arterial disease.
IC Major Minor Normal Missing | Total
Rheological (n=73) (n=106) (n=228) (n=1071) (n=114) (n=1592 p-
factor ) value*
Mean Mean Mean Mean Mean Mean
(se) (se) (se) (se) (se) (se)
Blood viscosity 4.03 3.94 3.93 373 3.75 3.78 <0.0001
mPa.s (0.13) (0.08) (0.06) (0.03) (0.10) (0.02)
Corrected blood 3.75 3.65 3.65 353 3.57 3.57 0.0001
viscosity (0.08) (0.06) (0.04) (0.02) (0.08) (0.01)
Relative blood 2.75 2.68 27 2.67 2.63 2.68 0.07
viscosity (0.05) (0.03) (0.02) (0.01) (0.05) (0.01)
Plasma viscosity | 1.36 1.36 1.35 1.32 1.36 1.33 0.0001
mPa.s (0.01) (0.01) (0.01) (0.004) (0.01) (0.003)
Haematocrit % 478 48.9 47.6 472 479 474 0.003
(0.52) (0.58) 0.41) (0.14) (0.71) (0.13)
Fibrinogen 291.8 302.8 2644 258.6 268.8 264.2 <0.0001
gh (13.5) (10.1) a.7D 2.9 (1.7 (2.5
Leucocyte 3.57 3.74 3.74 3.55 3.55 3.59 0.03
elastase(In) (0.11) (0.09) (0.06) (0.03) 0.07) (0.02)
ng/ml
Uric acid 349.3 363.6 3439 342.7 335.7 344.3 0.13
pmol/1 (13.6) (11.1) (6.8) 2.9 (17.2) 2.6)
Urinary (ng/ml) | 3.62 1.64 1.75 2.14 2.02 2.11 0.55
fibrinopeptide A | (1.37) (0.11) (0.12) 0.29) (0.29) (0.18)

* Test for linear trend in means; missing excluded.
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Table 6.5 Results of Multiple linear regression of rheological factors on the ABPI

Variable Change in p-value
mean(se) of
ABPI x 100

Age (+ 10 years) -4.2(0.8) < 0.0001

Sex 34.5(6.8) < 0.0001

Height ( + 10 cm) 1.3(0.7) 0.05

Packyears (square root trans.) -1.2(0.3) 0.0001

Alcohol units (square root) 0.6(0.3) 0.03

Fibrinogen:

Males, ever smoked(+ 100g/1) -4.85(1.13) <0.0001

Males, never smoked(+ 100g/1) -3.93(1.20) 0.001

Females, ever smoked(+100g/1) -1.71(1.15) 0.14
Females, never smoked(+ 100g/1) -0.46(1.16) 0.69

Blood Viscosity(mPa.s):

Males -4.5(1.5) 0.003
Females 1.0(1.7) 0.55

Plasma viscosity(mPa.s) -2.1(6.1) 0.73
Haematocrit( + 10%) -1.7(1.9) 0.70
Leucocyte elastase(In) (+1 ng/ml) -0.9(0.76) 0.24
Uric acid (+ 100 pmol/l) -1.08(0.68) 0.11
Known diabetic vs non (Males) - 13.0(4.3) 0.002
Known diabetic vs non (Females) -3.2(4.6) 0.49

There was a significant three way interaction (p = 0.01) of sex by smoking
(packyears) by fibrinogen adjusting for all two-way interactions and so separate terms
were entered in the regression model for fibrinogen in males and females who ever
smoked and who never smoked. This classification of smoking was used for simplicity
as any cut-off point for packyears would be arbitrary. The results of the multiple linear

regression on the ABPI (table 6.5) show that although univariately there were
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significant relationships between rheological variables and peripheral arterial disease
in women (table 6.3), these were not independent of smoking. On the other hand, in
men, both fibrinogen and blood viscosity (p = 0.003) were significant independently
of smoking, and due to a significant interaction with smoking, fibrinogen was related
to a greater reduction in the mean ABPI in ever smokers (p < 0.0001) compared to
never smokers (p = 0.001, table 6.5). Even in females, although fibrinogen was not
significant after adjusting for smoking, the differences in the regression coefficients
indicate a weak multiplicative effect of fibrinogen with smoking (table 6.5). On adding
HDL (p = 0.009) and non-HDL cholesterol (p = 0.002) there was little change in the
significance of the regression coefficients of blood viscosity and fibrinogen for males.
There was almost a significant sex by diabetes (known vs non) interaction (p = 0.10)
and consequently separate terms were entered for males (p = 0.003) and females (p
= 0.96).

When considering the presence of intermittent claudication as the outcome
many of the rheological variables were univariately related to peripheral arterial
disease. There were no significant interactions of sex or smoking with rheological
variables. There were also no independent significant rheological factors (table 6.6),
when adjusting for age, sex, height, smoking and all other rheological factors
simultaneously. Age and smoking were the only significant factors independently

associated with the odds of intermittent claudication.
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Table 6.6 Odds ratio of intermittent claudication unadjusted and adjusted

for all factors

Female ( vs male)

Height ( + 10 cm)

Blood viscosity(+ 1 mPa.s)
Haematocrit( + 10%)

Plasma viscosity(+ 0.1 mPa.s)
Fibrinogen( + 10 g/1)

Leucocyte elastase(ln)
(+1 ng/ml)

Urinary fib. A(>1 ng/ml)
Uric acid ( + 10 pmol/l)

Packyears(square root)

0.96(0.56,1.65)
0.77(0.57,1.03)
1.80(1.20,2.70)%*
2.19(1.05,4.60)*
1.62(1.23,2.13)%%*
1.05(1.04,1.09)*
1.46(0.99,2.15)"

0.95(0.55,1.64)
1.00(0.97,1.04)
1.18(1.08,1.29)***

Variable Unadjusted Adjusted
OR(95% C.1.) OR(95% C.L.)
Age( + 10 years) 2.26(1.38,3.70)** | 2.18(1.30,3.70)**

0.81(0.35,1.89)
0.77(0.50,1.16)
1.26(0.65,2.43)
1.58(0.53,4.76)
1.23(0.85,1.78)
1.01(0.97,1.06)
1.27(0.84,1.94)

0.88(0.50,1.55)
0.94(0.98,1.02)
1.16(1.03,1.31)*

+p<01 *p<0.05 ** p<0.01 **p<(0.001
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6.4 Discussion

The results in the Edinburgh Artery Study support the hypothesis that
rheological factors were independently related in an older male population aged 55-74
years to both atherosclerotic peripheral arterial disease as measured by the ABPI and
to leg ischaemia, as measured by the presence of intermittent claudication on
questionnaire.

Blood viscosity and its major determinants, haematocrit, plasma viscosity and
fibrinogen as well as leucocyte activation as measured by plasma leucocyte elastase
were found to be significantly related to increasing severity of peripheral arterial
disease in males and females (tables 6.3 and 6.4). Activation of blood coagulation as
indicated by urinary fibrinopeptide A showed no relationship to peripheral arterial
disease. This was surprising as other studies had suggested that plasma fibrinopeptide
A levels were related to several major cardiovascular risk factors (Lowe et al 1991a)
as well as to angiographic coronary artery disease (Small et al 1988). However, in the
Edinburgh Artery Study the assay may have been insensitive as 38% of the population
had levels < 1ng/ml.

The relationship between rheological factors and the extent of atherosclerotic
narrowing in the arteries to the lower limbs was assessed using the ABPI, which has
been shown to be up to 95% sensitive in detecting angiogram positive peripheral
arterial disease (Bernstein et al 1982) and in the Edinburgh Artery Study has been
shown to be related to the severity of disease on duplex scanning (Fowkes et al
1992b). The ABPI was significantly associated with blood viscosity in men, and
plasma viscosity and fibrinogen in men and women. The relationships with blood
viscosity and fibrinogen were still significant after adjustment for age, sex, height and

smoking in men but not significant for women. These findings suggest that blood
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viscosity and fibrinogen may each have an independent role in atherogenesis in men.
Several biologically plausible mechanisms have been suggested, including an effect
of blood viscosity on the localisation of atherosclerotic lesions (Lowe 1987). The
association between fibrinogen and the ABPI was strongly related to the amount of
cigarette smoking. The significant (p = 0.02) smoking by fibrinogen by sex interaction
may be explained as a synergistic effect of smoking predominantly in males which
disturbs endothelial cells and activated platelets, and fibrinogen infiltrates the arterial
wall through damaged endothelium which then promotes platelet aggregation (Lowe
1987). The result that fibrinogen became non-significant in women on adding
smoking to the regression model suggested that smoking was the strongest risk factor
in women which may operate via the plasma fibrinogen level.

In the logistic regression model adjusting for age, sex and cigarette smoking,
the associations between the rheological variables and intermittent claudication became
non-significant (table 6.6). There were no significant sex or smoking by rheological
interactions. This may be related to the small number of claudicants, and also does not
exclude the possibility that increases in viscosity, fibrinogen and leucocyte activation
may be mechanisms whereby age and smoking promote development of peripheral
arterial disease.

The results suggested that blood viscosity and fibrinogen were independently
associated with the severity of atherosclerosis as measured by the ABPI in the older
population of men but not independently of smoking in women. Smoking appears to
have a multiplicative effect on the relationship between fibrinogen and the ABPI in

men.
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CHAPTER 7
ARTERIAL BLOOD PRESSURE AND RHEOLOGICAL FACTORS
7.1 Introduction

Arterial blood pressure is a risk factor for arterial disease (MacMahon et al
1990) but it cannot be directly assessed in the same way as other risk factors. Arterial
blood pressure as well as a risk factor is also a component of the outcome measure,
directly in the case of the ABPI, and indirectly as indicated by the presence of
intermittent claudication measured by the WHO questionnaire (Rose 1962). Hence it
was not possible to enter blood pressure as a variable in regression analyses with these
measures of peripheral arterial disease as outcomes.

Peripheral resistance is one of the main determinants of arterial pressure and
is affected by vasoconstriction of the arterioles and blood viscosity. It is not surprising
then that blood viscosity has been found to be increased in patients with hypertension
(Tibblin et al 1966, Letcher et al 1981, Dintenfass 1981, Isles et al 1984). This
elevated blood viscosity may be due partly to haematocrit and plasma fibrinogen
concentration which are also increased in hypertension (Letcher et al 1981). In the
general population, arterial pressure has been shown to be related to fibrinogen levels
(Karsen-Bengtsen et al 1972, Kannel et al 1985a) and to haematocrit (Mc Donough
et al 1965, Kannel et al 1972, Sorlie et al 1981) but the relationship with blood
viscosity is not well established, having been studied only recently in one population
aged 25-64 years of age (Smith et al 1992). Thus the Edinburgh Artery Study
facilitates the study of the relationship between blood viscosity and its components,

plasma viscosity, haematocrit and fibrinogen, and arterial pressure in the general

population aged 55-74 years.
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7.2 Methods

Multiple linear regression was used to assess the independence of relationships
between rheological variables and systolic and diastolic arterial pressure separately.
As significant sex by blood viscosity and sex by fibrinogen interactions were found
in relation to peripheral arterial disease in the previous chapter , males and females
were analysed separately. In addition each regression model was adjusted for BMI,
smoking as measured by packyears and alcohol. Square root transformations were used
for the latter two variables because of the skewed nature of their distributions.

A generalisation of multiple linear regression is the procedure of canonical
correlation analysis, originally used by Hotelling (1936). It consists of considering
linear combinations of one set of Y variables with linear combinations of another set
of X’s. In this case diastolic and systolic blood pressure form one set while the
rheological variables along with age, BMI, smoking and alcohol form the second set.
The linear combinations of the X variables are known as canonical variables and the
correlation between these and the linear combinations of the Y’s, the second set of
canonical variables, are the canonical correlations.

The procedure involves finding a linear combination of Y’s -

The first canonical variables c,(y) and c,(x) are chosen such that the first canonical
correlation is a maximum. The next set of canonical variables c,(y) and c,(x) are
chosen to maximise the correlation between them, and also to be uncorrelated with the

first canonical variables. The process is repeated until Bartlett’s (1947) test is
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nonsignificant for one of the eigenvalues.

The correlation matrix between the X’s and the Y’s can be partitioned thus :

g
RYX RY’Y

where Ryx is the p x p correlation matrix of the X’s and Ryy is the qxq correlation
matrix of the Y’s.

The next step is to solve the eigenvalue problem :

RyyRyy 'RyyB=AR, P

for eigen values A, 2 A, > ....... 2A,>0
and B,, .... B, are the corresponding eigenvectors where m is the effective rank of the
two sets of variables.

The canonical correlations are given by

pi=/A;

i=1,..m
Initially a test of whether the two sets of variables are independent is carried out using

Bartlett’s (1947) test. The test statistic is

$,2=-[n-1/2 (_p+q+1)]?: In(1-4;) ~ xpf
=1

where p is the number of X’s , q is the number of Y’s and m is the number of
eigenvalues.

The number of canonical variables of practical value is less than or equal to
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the smallest number of eigenvalues for which Bartlett’s (1947) test for the remaining
eigenvalues is nonsignificant. The test statistic for the remaining correlations after the
first j have been removed is given by :

m
¢,°=-[n-1/2(p+q+*1)] 3} In(1-dy) ~ X(py) (g5 °
i=j+1

The standardised coefficients (mean 0, variance 1) are used to interpret the results (see
for example, Chatfield and Collins 1984), large values indicating the importance of
these variables to the canonical variable compared to those with low coefficients.
However, this is difficult if the X’s or the Y’s or both are highly correlated with each
other. A better procedure is to consider the correlations of each canonical variable
with its component X’s or Y’s (Manly 1991).

In the canonical correlation analysis systolic and diastolic blood pressure were
treated as the first set of variables while the second set consisted of the rheological
variables plus age, BMI, smoking and alcohol. Natural logarithms or square root
transformations of some variables were used in the analysis as approximate

multivariate Normality is assumed for this procedure.
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7.3 Results
7.3.1 Multiple regression
Females

The results in table 7.1 indicate few significant relationships between systolic
blood pressure and rheological factors. Increasing age was significantly related to
systolic pressure, while BMI was just significant at the 5% level (table 7.1). In
general, high levels of the rheological factors were associated with high systolic
pressure, but only uric acid reached statistical significance (p = 0.04). Blood viscosity

was not significantly related to systolic pressure univariately.
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Table 7.1 Multiple regression of rheological factors on systolic blood pressure in

females (Adjusted R? = 16.5%)

Factor(+ 1 S.D.) Regression p-value
coefficient(se)

Age 8.69(0.95) <0.0001
Packyears(square root) -1.09(0.96) 0.26
Alcohol(square root) -0.58(0.97) 0.55
BMI 2.19(1.03) 0.03
Blood viscosity 0.35(1.29) 0.79
Fibrinogen 1.09(1.09) 0.29
Leucocyte elastase(In) 0.72(0.92) 0.44
Plasma viscosity 0.89(1.14) 0.43
Haematocrit -0.75(1.14) 0.51
Uric acid 2.07(1.03) 0.04
Urinary fib. A(In) -0.21(0.96) 0.82
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In contrast, with diastolic pressure as outcome, uric acid was highly
significantly associated with high pressure(table 7.2). Age was again strongly related
to arterial pressure while high levels of smoking were associated with lower arterial
pressure. BMI and Blood viscosity were highly significantly related to diastolic
pressure adjusting for smoking but only approached significance at the 5% level
whenever uric acid was added to the model.

Table 7.2 Multiple regression of rheological factors on diastolic blood pressure in

females (Adjusted R? = 6.8%)

Factor(+ 1 S.D.) Regression coefficient(se) p-value
Age 1.49(0.51) 0.003
Packyears(square root) -1.25(0.51) 0.01
Alcohol(square root) 0.57(0.52) 0.26
BMI 0.94(0.54) 0.09
Blood viscosity 1.27(0.69) 0.07
Fibrinogen 0.14(0.54) 0.77
Leucocyte elastase(In) 0.86(0.50) 0.08
Plasma viscosity -0.19(0.61) 0.76
Haematocrit 0.61(0.62) 0.32
Uric acid 1.52(0.55) 0.006
Urinary fib. A(In) -0.06(0.51) 0.90
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Males

In males as for females, age and BMI were significantly related to systolic
pressure (table 7.3). Alcohol was also positively related to systolic pressure (p = 0.02).
Among the rheological variables, blood viscosity was highly significantly related to
systolic pressure, which was not the case for females.
Table 7.3 Multiple regression of rheological factors on systolic blood pressure in

males (Adjusted R? = 16.4%)

Factor(+ 1 S.D.) Regression coefficient(se) p-value
Age 7.07(0.90) <0.0001
Packyears(square root) -1.24(0.89) 0.16
Alcohol(square root) 2.10(0.88) 0.02
BMI 4.66(0.89) <0.0001
Blood viscosity 4.37(1.33) 0.001
Fibrinogen -0.07(1.04) 0.93
Leucocyte elastase(In) -1.33(0.90) ' 0.14
Plasma viscosity 1.36(1.06) 0.20
Haematocrit -1.91(1.27) 0.13
Uric acid -0.22(0.87) 0.79
Urinary fib. A(In) -0.07(0.88) 0.94
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The results for diastolic pressure were very different in males to systolic; age
was not significant while smoking was strongly related to lower pressure (table 7.4).
Blood viscosity was highly significantly associated with diastolic pressure adjusting
for smoking but only approached significance at the 5% level when uric acid was
added (p = 0.03). As for systolic pressure, BMI was highly significantly related to
high arterial pressure. The results of the multiple linear regressions were summarised
in table 7.5
Table 7.4 Multiple regression of rheological factors on diastolic blood pressure in

males (Adjusted R? = 13.3%)

Factor(+ 1 S.D.) Regression coefficient(se) p-value
Age 0.46(0.46) 0.32
Packyears(square -1.33(0.47) 0.004
root)

Alcohol(square root) 0.59(0.47) 0.21
BMI 3.25(0.46) <0.0001
Blood viscosity 1.06(0.70) 0.06
Fibrinogen -0.42(0.54) 0.46
Leucocyte elastase(ln) 0.27(0.48) 0.57
Plasma viscosity 0.54(0.56) 0.34
Haematocrit 0.53(0.67) 0.44
Uric acid 1.02(0.44) 0.03
Urinary fib. A(ln) 0.05(0.47) 0.91




Table 7.5 Summary of Multiple Linear Regressions on systolic and diastolic pressure

in males and females

Regression coefficient (s.e.)
p-value
Arterial Pressure Arterial Pressure
Vaugble: | peMATES MALES
Systolic (Adj  Diastolic (Adj | Systolic (Adj  Diastolic (Adj
R?*=16.5%) R?=6.8%) R?=16.4%) R?=13.3%)
Age 8.69(0.95) 1.49(0.51) 7.07(0.90) 0.46(0.46)
<0.0001 0.003 <0.0001 0.32
BMI 2.19(1.03) 0.94(0.54) 4.66(0.89) 3.25(0.46)
0.03 0.09 <0.0001 <0.0001
Smoking -1.09(0.96)  -1.25(0.51) -1.24(0.89) -1.33(0.47)
0.26 0.01 0.16 0.004
Alcohol -0.58(0.97) 0.57(0.52) 2.10(0.88) 0.59(0.47)
0.55 0.26 0.02 0.21
Blood 0.35(1.29) 1.27(0.69) 4.37(1.33) 1.06(0.70)
viscosity 0.79 0.07 0.001 0.06
Uric acid 2.07(1.03) 1.52(0.55) -0.22(0.87) 1.02(0.44)
0.04 0.006 0.79 0.03
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7.3.2 Canonical Correlation
Females
Bartlett’s (1947) test showed that two canonical variables (CV) were sufficient
to describe the relationships between the two sets of variables.
Table 7.6 Standardised coefficients for canonical variables for systolic and diastolic

blood pressure in females

Ist CV 2nd CV Adjusted p
R?.
Systolic 1.09 -0.568 0.168 <0.0001
Diastolic -0.187 1.22 0.068 0.006

In females the first canonical variable reflects mainly systolic blood pressure. The
second CV represents mainly diastolic blood pressure, and to some extent the
difference between diastolic and systolic pressure, although this was difficult to
interpret.

The adjusted R? values (table 7.6) show that 17% of the information in the
variable systolic can be accounted for by a combination of the risk factors in females
while only 7% of the diastolic variable is represented. Although somewhat arbitrary,
high values for the standardised coefficients of the risk factors have been highlighted
in table 7.7, showing that the first canonical variable represents mainly age, BMI, and
uric acid. Systolic and diastolic blood pressure represent 15% of the information in
age while their combination represents 4% of uric acid. Thus systolic is mainly related
to age, BMI and uric acid, while the combination of diastolic and systolic pressure as
represented by the second canonical variable is related to blood viscosity, uric acid

and smoking in females.
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Table 7.7 Standardised coefficients of canonical variables for risk factors in females

1st CV 2nd CV Adjusted P
RZ

Fibrinogen 0.103 -0.033 0.02 0.003
Haematocrit -0.113 0.339 0.01 0.003
Plasma 0.085 -0.164 0.01 0.003
viscosity(ln)
Blood 0.009 0.448 0.02 0.0003
viscosity(ln)
Leucocyte 0.046 0.280 0.00 0.12
elastase(ln)
Uric acid 0.164 0.400 0.04 <0.0001
Urinary -0.022 -0.010 0.00 0.94
fib. A
Age 0.851 0.205 0.15 <0.0001
BMI 0.193 0.167 0.02 0.0003
Packyears -0.067 -0.405 0.00 0.09
(square root)
Alcohol -0.081 0.290 0.01 0.009
(square root)

In - Natural logarithm

89



Males

As with females there were two canonical variables necessary to describe the

relationships between the two sets of variables.

Table 7.8 Standardised coefficients for canonical variables for systolic and diastolic

blood pressure in males

Ist CV 2nd CV Adjusted P
RZ
Systolic 0.95 -0.80 0.165 <0.0001
Diastolic 0.09 1.24 0.136 <0.0001

The first canonical variable represents mainly systolic blood pressure , while the

second although mainly diastolic, also represents the difference between systolic and

diastolic pressure.

From table 7.9 systolic (1st CV) is related to age, BMI, and blood viscosity

while the second CV (mainly diastolic, but also to some extent reflecting systolic

pressure) is related to age, BMI, uric acid and haematocrit.

The results are consistent with the multiple linear regressions shown earlier

(table 7.5) especially for the regressions on systolic pressure compared to the first

canonical variable. It is more difficult to compare the second canonical variable which

represents the difference between the measures of arterial pressure, although with

greater weight towards diastolic pressure.
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Table 7.9 Standardised coefficients of canonical variables for risk factors in males

Ist CV 2nd CV Adjusted P
R2

Fibrinogen -0.008 -0.109 0.016 0.002
Haematocrit -0.205 0.311 0.02 0.0005
Plasma 0.101 0.026 0.026 0.0001
viscosity(In)
Blood 0.499 -0.057 0.047 <0.0001
viscosity(In)
Leucocyte -0.117 0.205 0.00 0.11
elastase(ln)
Uric acid -0.005 0.320 0.036 <0.0001
Urinary -0.011 0.042 -0.002 0.85
fib. A
Age 0.693 -0.547 0.119 <0.0001
BMI 0.517 0.496 0.106 <0.0001
Packyears -0.147 -0.258 0.004 0.09
(square root)
Alcohol 0.217 -0.026 0.00 0.42
(square root)
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7.4 Discussion

The Edinburgh Artery Study was the first study which related arterial pressure
to blood viscosity in a random sample of a population aged 55 - 74 years. The results
showed a strong relationship between systolic blood pressure and age, BMI, and blood
viscosity in males. The results of the canonical correlation were similar to those of the
simpler multiple linear regression, although more difficult to interpret. Canonical
correlation is a useful technique when multiple outcomes are present, but in this case,
the results of the multiple regression were preferable as they were consistent with the
more sophisticated analysis and easier to interpret. Diastolic blood pressure was
mainly related to age and uric acid in both males and females, but more strongly in
females. Diastolic pressure was significantly related to blood viscosity adjusted for
smoking in males and females, but not independently of uric acid.

The overall results were consistent with results from the Scottish Heart Health
study (Smith et al 1992) and case-control studies on patients with hypertension
(Tibblin et al 1966, Letcher et al 1981, Isles et al 1984). Although plasma viscosity,
fibrinogen and haematocrit are principal determinants of blood viscosity (Lowe GDO
1987), blood viscosity made a significant contribution to systolic blood pressure in
males independently of these components. Letcher et al (1981) also found that high
blood viscosity in hypertensives was due only in part to increases in fibrinogen and
haematocrit. Age, alcohol, and BMI were also related to systolic blood pressure. Age
increases arterial pressure as does BML

The fact that the relationship between systolic and blood viscosity was only
significant in males is difficult to explain. However, other studies (Lee et al 1990) and
the previous chapter showed that there were male-female differences in the

relationship of rheological factors and atherosclerotic disease and hence males and

92



females have been analysed separately. Almost all the women were over 55 years and
so would have been post-menopausal when male/female differences in cardiovascular
disease are thought to diminish, although Isles et al (1992) found that protection from
coronary heart disease mortality persisted after the menopause.

Fibrinogen was not independently related to arterial pressure. Other studies
(Karsen-Bengtsen et al 1972, Kannel et al 1985a) have suggested that fibrinogen is
related to systolic pressure in the general population but often on adjustment for other
factors the relationship became nonsignificant (Karsen-Bengtsen et al 1972). Overall,
the evidence suggests that fibrinogen does not have an independent relationship with
blood pressure in the general population. In a similar manner, haematocrit has been
shown to be related to arterial pressure in community studies (McDonough et al 1965,
Kannel et al 1972, Sorlie et al 1981). In the Edinburgh Artery Study, haematocrit was
related only to diastolic pressure and was not independently related after adjustment
for other risk factors and rheological variables.

The relationship between systolic blood pressure and blood viscosity in males
cannot solely be explained by an increased haematocrit in which the contracted plasma
volume is known to be directly related to arterial pressure and to the associated
transcapillary shift of extracellular fluid (Kobrin et al 1984). Nor is it likely to be
related to elevations of plasma proteins which occur in hypertensives because these
increases mirror those of haematocrit and are probably due simply to plasma volume
contraction (Letcher et al 1981).

The pathophysiological significance of increased blood viscosity in
hypertension is also not clearly known. In theory, it should contribute to increased
peripheral resistance, and this is supported by correlations with haemodynamics in

vivo (Devereux et al 1984). Furthermore, the increased blood viscosity might increase
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cardiac afterload and promote left ventricular hypertrophy; this is supported by a
stronger correlation of left ventricular hypertrophy to blood viscosity than to any other
haemodynamic factor (Chien et al 1985). This effect is however unlikely to explain
the association of viscosity and systolic hypertension in the general population in
which relatively few people have left ventricular hypertrophy (less than 1% of the
subjects in the Edinburgh Artery study had good electocardiogram evidence in the
form of large R waves and left axis deviation.)

Although blood pressure itself cannot be used as a risk factor for peripheral
arterial disease as indicated by the ABPI, blood viscosity in males along with age and
BMI could act as markers. In males these were strongly related to systolic pressure,
17% of the variability of which could be explained by rheological factors. Thus
through the analysis in the previous chapter it can be postulated that systolic pressure
was related to peripheral arterial disease through the rheological factors and especially
through blood viscosity in males. In females systolic blood pressure was mainly
related to age, BMI, and uric acid, while uric acid was not significantly related to

peripheral arterial disease.
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CHAPTER 8
FIBRINOGEN HAPLOTYPE

8.1 Introduction

The main aims of genetic analyses are to identify whether genes are associated with
the occurrence of disease and if so, which genes are involved. The development of
polymorphic DNA markers or restriction fragment length polymorphisms (RFLPs) has
led to the identification of all chromosomal regions, which has furthered these aims.

One approach is to compare the frequency of a particular genetic marker between
cases of disease and matched controls. The DNA polymorphisms within a tightly
linked cluster of genes show the phenomenon of linkage disequilibrium (Bodmer
1987). Crossing over within the cluster is infrequent and so DNA markers in the group
tend to be inherited en bloc as a haplotype. New markers or disease causing mutations
arising within the cluster thus are associated with the haplotype of origin and only
slowly over many generations lose this association. Thus it would be expected that a
case-control study would reveal an excess of a particular haplotype amongst the cases
of disease compared with the general population. The drawback of all such genetic
analyses is that as multiple markers are usually studied, the chance of reaching
statistical significance is high when multiple tests are carried out.

Genes are known to contribute to variation in populations in the levels of
fibrinogen, lipids, and other risk factors, sometimes known as ’level’ genes. In
addition, they also contribute to setting the framework within which lifestyle or dietary
factors can cause variation, known as ’variability’ genes (Berg and Kerulf, 1989).
Restriction fragment length polymorphisms (RFLP) allow the study of genetic
variation at the fibrinogen locus in relation to plasma fibrinogen concentrations.

Increased levels of plasma fibrinogen have been shown in longitudinal studies
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to be associated with an increased risk of CHD and stroke (Meade et al 1986,
Wilhelmson et al 1984, Kannel et al 1987) and in epidemiological studies to be
associated with peripheral arterial disease (Kannel et al 1990, Lowe et al 1991b).
Plasma fibrinogen increases with age and cigarette smoking (Meade et al 1979,1987)
but when corrected for these factors still emerged in the above studies as an
independent risk factor. Other factors associated with high levels of plasma fibrinogen
were social class (Markowe et al 1985), diabetes mellitus (Fuller et al 1979), and low
alcohol consumption (Lee et al 1990). In women the use of oral contraceptives and
post-menopause were associated with raised plasma fibrinogen (Lee et al 1990).

It might be expected that genetic variation would be involved in elevated levels
of plasma fibrinogen which have been shown to be associated with peripheral arterial
disease (chapter 6). However, controversy surrounds the role of genetic variation in
affecting plasma fibrinogen levels.

Fibrinogen is synthesised in the liver from three polypeptide subunits ; alpha,
beta and gamma, which occur as a linked cluster of genes on the long arm of
chromosome 4. Humphries et al (1987) compared levels of fibrinogen (adjusted for
age, sex and smoking) in 91 healthy volunteers genotyped at the fibrinogen alpha and
beta loci and estimated that genetic variation at these loci accounted for 15% of the
total variation. This is lower than the finding by Hamsten et al (1987) who, on the
basis of path analysis, found that 50% of the variation of plasma fibrinogen was due
to genetic factors. On the other hand, Berg and Kerulf (1989) found low heritability
of levels of fibrinogen in a Norwegian twin study and found no association between
fibrinogen levels and fibrinogen alpha and beta genotypes.

One drawback of these studies was that they did not examine the relationship

between fibrinogen genotype and atherosclerotic disease. Genetic information was
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collected in the Edinburgh case-control study, described in chapter 2, allowing the role
of fibrinogen haplotytpes as risk factors for peripheral arterial disease to be examined.
In addition, the role of genetic variation at the fibrinogen loci in determining the level

of plasma fibrinogen was assessed.



8.2 Methods
8.2.1 Measurement of fibrinogen and fibrinogen haplotypes

Details of the methods of the case-control study are described in chapter 2.
Following invitation all subjects who attended the clinic had blood samples taken in
the morning in the fasting state. Samples of plasma, white blood cell pellets and DNA
preparations were obtained. Plasma fibrinogen levels were measured in two ways;
firstly in citrated plasma by a thrombin-clotting turbidometric method in a centifugal
analyser (Lowe et al 1991b). Secondly, fibrinogen levels were assayed by heat
precipitation using a nephelometric method (Stone et al 1985). Details of how DNA
was extracted are described in Connor et al (1992). The DNA probes used were alpha,
beta, and gamma which detect polymorphic fragments of 2.4kb and 1.6kb (Taql),
5.3kb and 4.2kb (BclI), and 14kb and 11kb (Kpnl/Sacl) respectively (the appropriate
restriction enzymes indicated in parentheses in each instance). Gene frequencies were
calculated by gene counting and compared to Hardy-Weinberg frequencies by chi-
squared tests. The expected frequencies of genotypes are x2, 2x (1 - x), and (1 - x)?
according to Hardy-Weinberg equilibrium, where x = frequency of one allele in the

population.
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8.2.2 Statistical Methods

As the fibrinogen concentrations measured by the clotting methods were
positively skewed, a logarithmic transformation was used yielding geometric means
and their confidence intervals as summary measures. Cumulative smoking was
expressed in terms of packyears, that is, the average number of packs of 20 cigarettes
smoked per day multiplied by the number of years of smoking. Analysis of
covariance was used to assess differences in fibrinogen between genotypes or
haplotypes adjusting for age, sex, and cumulative smoking. One way analysis of
variance was carried out on the adjusted fibrinogen values to assess the phenotypic
variability. The percentage of phenotypic variability (PV) in fibrinogen values
associated with RFLP genotypes was estimated as described by Sing and Davignon
(1985).
The formula used was PV = 100 x genotype variance/(genotype variance + within
genotype variance), where the within genotype variance is obtained from the one way
analysis of variance and the genotype variance ( 5% ) is estimated as the sum of the
observed relative frequency of the genotype multiplied by the square of the deviation
of the mean of the genotype from the grand mean. This assumes that the observed
relative frequency does not differ from the expected Hardy-Weinberg frequency.

The estimate of between genotype variability (oz* ) was also expressed as a
percentage of the total variability (0y” +05° ) obtained from the one way analysis of
variance.

The between group variability was calculated as :

2 1
2_Sp~Sy
Og=

1,
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where s; = between group mean square;

sy = within group mean square; and

1288

Bo= 37 Ak

k = number of groups; N = total = £ n; for unequal n; (i = 1, .....,k). This is sensible
as long as the n, are not very different (Armitage 1971).

As well as genetic factors determining the level of plasma fibrinogen it is
possible that specific haplotypes or genotypes may be more associated with disease
than others, the so-called ’variability’ genes (Berg and Kerulf, 1989). In order to
assess this, dummy variables were created which represent each haplotype with
reference to the most common haplotype (2.4/2.4, 5.3/5.3, 11/11). These were added
in a multiple logistic regression model on peripheral arterial disease with adjustments
for smoking as measured by packyears and current and ex-smokers, and level of
clotting fibrinogen. Hence, one aim of this model is to assess the possible association
of haplotypes at fibrinogen loci and peripheral arterial disease, irrespective of the level
of plasma fibrinogen. Since the cases and controls were frequency matched, all
analyses were adjusted for age and sex (Schlesselman , 1982). In addition, two dummy
variables for the beta-locus were used to assess whether particular genotypes were
associated with disease as found by Humpbhries et al (1987).

The main drawback of the haplotype analysis is the multiple testing involved.
Humphries et al (1987) had drawn attention to a possible association of the B
genotypes with fibrinogen level. Two dummy variables were created for the 5.3/4.2

and 4.2/4.2 genotypes relative to the 5.3/5.3 genotype at the  polymorphism and the
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regression analyses as outlined for the haplotypes was repeated for these genotype

dummy variables.
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8.3 Results
8.3.1 Plasma fibrinogen and fibrinogen haplotype

Out of the 306 subjects invited to the clinic 121 cases and 126 controls
attended giving an overall response rate of 81%. Of the attenders, 3 individuals did
not have blood taken and a further 11 had at least 1 missing allele and so could not
be classified according to haplotype. In both the cases and control groups, the
attenders did not differ significantly from non-attenders in terms of age, sex, cigarette
smoking, prevalence of intermittent claudication and mean ABPI. Smoking in terms
of packyears was higher in the cases, while the mean age of both cases and controls

was 69 years and there were no differences in the proportions of males and females

(Table 8.1).

Table 8.1 Characteristics of Cases and Controls

Cases (n=114) Controls (n=119)
Y anabie Mean (s.e.) Mean (s.e.)
Packyears 4.80 (0.25) 1.92 (0.22)
(Square root)
Age 69.2 (0.5) 69.2 (0.5)
Sex : Females 56 (49%) 56 (47%)
Males 58 (51%) 62 (52%)

The overall frequencies for each polymorphic allele in the 247 subjects were 0.75 for
the 2.4kb allele and 0.25 for the 1.6 kb allele at the alpha fibrinogen locus; 0.85 for
the 5.3 kb allele and 0.15 for the 4.2 kb allele at the beta fibrinogen locus; and 0.24
for the 14 kb and 0.76 for the 11 kb alleles at the gamma fibrinogen locus. The
frequencies of allele combinations (genotypes) were not significantly different from

Hardy-Weinberg frequencies for all three loci (Table 8.2).
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Table 8.2 Comparison of observed genotype numbers to those
expected from Hardy-Weinberg equilibrium

o-locus
Genotypes Observed Expected

2424 135 1326
1.6/1.6 15 148
24/16 86  88.3

X% =0.106 (N.S.)

-locus
Genotypes Observed Expected

5.3/5.3 174 1705

4.2/4.2 6 5.3

5.3/4.2 56 60.2
X% =0451 (N.S.)

-locus
Genotypes Observed Expected

14/14 13 13.6
11/111 139 1364
14/11 84 86.1

X?% =0.128 (N.S.

Of the 27 possible combinations of genotypes only 13 haplotypes were observed

(Table 8.3).
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Table 8.3 Combinations of genotypes to form haplotypes in cases and controls
combined

o. - locus B - locus v - locus
enzyme enzyme enzyme
Haplotype Tag I BCL I KPN n(%)
1 24124 53/53 11/11 87 37)
2 24/1.6 53/53 14/11 57 (24)
3 2424 53/4.2 11/11 37 (15)
4 2.4/1.6 5.3/53 11/11 10 (4)
5 2.4/1.6 53/4.2 14/11 16 (7)
6 1.6/1.6 53/5.3 14/14 12 ( 5)
7 24124 42/42 11/11 4(2)
8 24124 53/53 14/11 6(3)
9 1.6/1.6 53/4.2 14/14 1(0.4)
10 24/1.6 53/4.2 11/11 1(0.4)
11 2424 53/42 14/11 1(0.4)
12 1.6/1.6 53/53 14/11 2 (0.8)
13 2.4/1.6 4.2/42 14/11 2 (0.8)
236°

* 5 subsets with at least 1 missing allele

Table 8.4 shows the mean fibrinogen levels adjusted for age, sex, and smoking
according to the RFLPs. The fibrinogen values were calculated by analysis of
covariance adjusting for age, sex, and packyears. There were no significant differences
in plasma fibrinogen levels between genotypes for the RFLPs. The genotypes with the
highest fibrinogen levels were 2.4/1.6 at the a-polymorphism and 5.3/4.2 at the -

polymorphism for fibrinogen measured by the clotting method.
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Table 8.4 Plasma fibrinogen level by fibrinogen genotype

Fibrinogen: Clotting Fibrinogen: Nephelometric
method” Method®
Alpha-locus Geometric Mean(95%C.L.) Mean ( 95% C.L)
24/24 2.89 (2.76,3.00) 4,06 (3.92,4.22)
24/1.6 3.02 (2.88,3.16) 4.32 (4.13,4.51)
1.6/1.6 2.86 (2.56,3.21) 4.33 (3.88,4.78)
p -value 043 0.12
Beta-locus Geometric mean(95%C.1.) Mean ( 95% C.L)
5.3/5.3 290 (2.81,3.01) 4.13 (3.99,4.26)
5.3/4.2 3.04 (2.86,3.22) 4.34 (3.60,5.07)
4.2/42 2.82 (2.36,3.38) 4.39 (3.65,5.12)
p-value 0.32 0.30
Gamma-locus Geometric Mean(95%C.L) Mean (95% C.1.)
14/14 291 (2.583.29) 4.41 (3.92,4.90)
14/11 295 (2.81,3.09) 4.28 (4.09,4.47)
11/11 293 (2.82,3.04) 4.09 (3.95,4.25)
p-value 0.98 0.23

* Adjusted by age, sex, and smoking as measured by packyears 95% confidence
intervals based on pooled standard deviation

The three loci were combined to form the 13 haplotypes (Table 8.3)and comparison
of fibrinogen level (adjusted for age, sex, and smoking) according to haplotype

showed no significant association (Table 8.5). The between haplotypes variability

explained a negligible percentage of the total variability.
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Table 8.5 Plasma fibrinogen level(adjusted by age, sex and smoking) by haplotype

Fibrinogen-Clotting Method Fibrinogen-Nephelometric Method
Haplotype Geometric Mean n Mean(95% C.1)* n
(95%C.L)’
1 2.89 (2.75,3.03) 81 4.01(3.82,4.21) 85
2 290 (2.73,3.08) 52 4.19 (3.94,4.44) 54
3 297 (2.75,3.20) 34 4.18 (3.87,4.48) 36
4 332 (2.83,3.89) 10 4.39 (3.75,5.04) 10
5 322 (2.86,3.64) 15 4.64 (4.155.14) 15
6 297 (2.49,3.54) 11 4.39 (3.79,4.99) 12
7 264 (1.85,3.78) 4 4.25 (2.80,5.69) 4
8 265 (2.09,3.35) 6 4.04 (3.07,4.97) 6
9 2.52 1 463 - 1
10 321 1 438 - 1
11 4.04 1 438 - 1
12 271  (1.37,5.36) 2 3.82 (1.06,5.57) 2
13 3.03 (1.53,5.99) 2 4.61 (1.86,7.36) 2
Total 293 (291,296) 220 4.19 (4.15,4.23) 229
p-value 0.52 071
Between haplotype 0% 0%  variability
% Phenotypic 2.4% 3.4%
variability

* 95% confidence interval based on pooled standard deviation
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8.3.2 Fibrinogen haplotypes as risk factors

The proportions of genotypes 2.4/1.6 for the a-locus and 5.3/4.2, 4.2/4.2 genotypes
for the B-locus were higher in the cases compared to the controls (Table 8.6). The
differences in proportions were only significant for the -locus (p = 0.01).

Table 8.6 Distribution of genotypes in cases and controls

Controls Cases
Alpha-locus Number ( % ) Number ( % )
2.4/2.4 71 (59) 64 (56)
2.4/1.6 38 (32) 47 (41)
1.6/1.6 11 (9 4 (3)
p=0.11
Beta-locus Number ( % ) Number ( % )
3.3/5.3 97 (81 74 ( 65)
5.3/4.2 21 (18) 35 (31
4.2/4.2 O 5 (4
p=0.01
Gamma-locus Number ( % ) Number ( % )
14/14 9 (8 4 (4
14/11 40 (33) 43 (37)
11/11 71 (59 68 (59)
p=0.37

The frequency of haplotypes show some differences between cases and controls, with
haplotype 3 (2.4/2.4, 5.3/4.2, 11/11), haplotype 4 (2.4/1.6, 5.3/5.3, 11/11), haplotype
5 (2.4/1.6, 5.3/4.2, 14/11) and haplotype 7 (2.4/2.4, 4.2/4.2, 11/11) occurring more
frequently in cases of peripheral arterial disease compared to the controls (Table 8.7).
Overall, the differences in distribution of haplotypes between cases and controls was

not significant (p = 0.14).
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Table 8.7 Distribution of haplotypes by cases and controls

Haplotype Controls n ( % ) Cases n (% )
1 49 (57) 37 (43)
2 30 (55) 25 (45)
3 16 (43) 21 (57)
4 4 (40) 6 (60)
5 4 (25) 12 (75)
6 8 (67) 4 (33)
7 1 (25) 3 (75)
8 4 (67) 2 (33
9 1 (100) 0
10 0 1 (100)
11 0 1 (100)
12 2 (100) 0
13 0 2 (100)

When the haplotype dummy variables were added in the logistic regression
model, adjusting for age and sex alone (Table 8.8), haplotype 3 (at 10% level) and
haplotype 5 (5% level) relative to haplotype 1 were significant predictors of disease.
An increase in log fibrinogen units of 0.2 was associated with an odds ratio of disease
of 1.82 (95% C.1. 1.38,2.41) (Table 8.8), when adjusted for age and sex alone. On
adding the haplotype dummy variables the odds ratio for fibrinogen reduced to 1.77
showing little change. Clotting fibrinogen remained highly significant (p<0.001), and
haplotypes 3 and 5 were significant predictors of disease (10% level). Smoking was
positively associated with peripheral arterial disease, while haplotype 3 had the lowest
proportion of smokers relative to other haplotypes. When smoking as packyears and
current and ex-smokers (less than 5 years) were added to this model the odds ratio for

clotting fibrinogen was reduced to 1.52 (95% C.I. 1.08,2.14)(Table 8.8), although
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remaining significant. The odds ratios for haplotypes 3 and 5 increased and were
significant predictors (5% level) of disease. Further analyses adjusting additionally
for BMI, alcohol and social class did not alter the significance of the haplotype

variables and none were independently associated with disease.

Table 8.8 Univariate and Multivariate logistic regressions of fibrinogen haplotypes,
cigarette smoking and plasma fibrinogen, adjusted for age and sex on peripheral

arterial disease

Haplotype (relative Univariate Multivariate
to haplotype 1) Odds Ratio Odds Ratio
(95% C.1.) 95% C.1)
2 1.07 1.08
(0.52,2.20) (0.44,2.69)
3 2.28 4.05
(0.95,5.44)" (1.33,12.38)"
4 2.05 235
(0.53,7.96) (0.50,10.88)
5 4.77 7.57
(1.19,19.0)° (1.47,39.05)"
6-13 0.51 0.29
combined (0.13,7.96) (0.05,1.70)
Clotting
fibrinogen 1.82 152
(In) (1.38,2.41)™ (1.08,2.14)"
(+0.2)
Cigarette
smoking®
Packyears 4.30 447
(25 72)" (2.43,8.22)™"
Current 0.9 1279
0.3 ,2.3) (0.42,3.85)
Ex-Smokers 0.56 0.56
02 22) (0.13,2.36)

¥ change in packyears in one standard deviation on square root

scale; current and ex-smokers < 5 years are compared to non-

smokers adjusted for packyears
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On repeating the analyses for the two dummy variables (Table 8.9) for the B-
polymorphism, the odds ratio was 3.67 (95% C.I. 1.60, 8.40) after adjusting for
clotting fibrinogen, smoking and age and sex for the 5.3/4.2 genotype relative to the
5.3/5.3 genotype (p = 0.003). In addition, the dummy variable representing the 4.2/4.2
genotype relative to the 5.3/4.2 genotype was just significant at the 5% level, although

the confidence interval was wide reflecting the low number of this particular genotype.

Table 8.9 Univariate and Multivariate logistic regressions of B-fibrinogen genotypes,

cigarette smoking and plasma fibrinogen, adjusted for age and sex on peripheral

arterial disease

Genotype Univariate Multivariate
(relative to Odds Ratio QOdds Ratio
5.3/53) (95% C.I.) (95% C.1.)
5.3/4.2 2.37 3.67
(1.24,4.52)" (1.60,8.40)™
4.2/4.2 6.94 14.65
(0.78,61.5)* (1.21,177.6)°
Clotting
fibrinogen 1.82 1.64
(In) (1.38,2.41)™ (1.19,2.26)"
(+0.2)
Cigarette
smoking®
Packyears 4.30 4.27
Q5.72) (2.42,7.51)™
Current 0.9 1.12
0.3 2.3) (0.40,3.11)
Ex-Smokers 0.56 0.62
0.2 ,2.2) (0.16,2.43)

¥ change in packyears in one standard deviation on square root scale; current and ex-

smokers < 5 years are compared to non- smokers adjusted for packyears
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8.4 Discussion

These results tend to agree with those of Berg and Kerulf (1989) who found
no relationship between genotype in two polymorphisms (alpha and beta) and plasma
fibrinogen level. This population differs from that of Berg and Kerulf (1989) and
Humphries et al (1987) which consisted of 91 healthy volunteers, so it is difficult to
make comparisons. It is noticeable that the results of Humphries et al (1987) who
found a significant association between plasma fibrinogen and the polymorphism
detected at the beta locus were mainly due to two individuals with very high plasma
fibrinogen levels. The number of key homozygous subjects in this study was small and
this along with the within person variation of plasma fibrinogen level over time are
the main problems in such studies. This suggests that further studies are required
where a large random sample of the general population is taken rather than volunteers
and followed up over a suitable period of time. On the basis of the results in the
Edinburgh case-control study it appeared that genetic factors did not greatly affect the
level of plasma fibrinogen.

The analysis was taken a stage further by examining the influence of fibrinogen
haplotype and genotype on the odds of peripheral arterial disease. The logistic
regression results are consistent with the idea of ’variability’ genes (Berg and
Kerulf,1989). Despite little relationship between plasma fibrinogen level and genotype,
there were significant univariate associations between disease and haplotypes 3 and
5 relative to haplotype 1. This relationship was also independent of fibrinogen level,
smoking, alcohol, social class and BMI which are all associated with plasma
fibrinogen level. Caution should be applied in interpreting these two significant results
at the 5% level with multiple dummy variables in the regression model. By

concentrating on the B-polymorphism as highlighted by Humphries et al (1987), the

111



problem of multiple tests is reduced and a highly significant relationship (p = 0.003)
was found. An increased odds for peripheral arterial disease of approximately three
and a half times was found for the genotype 5.3/4.2 relative to the genotype 5.3/5.3,
adjusting for plasma fibrinogen, smoking and age and sex. The genotype 4.2/4.2 was
also found to be significantly associated with peripheral disease although there were
low numbers of this genotype. This was the genotype found by Humphries et al
(1987) to be associated with the highest fibrinogen levels in their study and so there
was some consistency with this finding. However, the Edinburgh case-control study
found the genotype 5.3/4.2 to be associated with the highest fibrinogen level and a
significant independent risk factor for peripheral arterial disease Hence, the results
suggested that genes at the fibrinogen loci may indicate a predisposition to peripheral
arterial disease or operate on lifestyle risk factors independently of the risk factors of

plasma fibrinogen level and smoking.
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CHAPTER 9
LIFESTYLE AND INTERMEDIARY RISK FACTORS
9.1 Introduction

This chapter will assess combinations of the risk factors which were considered
separately in the previous chapters. Social class or the closely related measure, social
deprivation (Carstairs and Morris 1991), has been shown to be related to ischaemic
heart disease (Pocock et al 1987, Rose and Marmot 1981) and so may be an important
factor for peripheral arterial disease. Hence social class will also be considered as a
risk factor and its relation to other risk factors will be discussed in this chapter.

It is useful to consider the risk factors as roughly forming two clusters which
could be thought of as elements in a causal chain, that is, 'Lifestyle’ factors which are
1;e1ated to the ’Intermediary’ factors which in turn are more directly related to
peripheral arterial disease. The lifestyle factors consist of diet, leisure activity,
smoking, and alcohol along with personality, while the rheological variables and HDL
and nonHDI cholesterol, along with triglycerides form the ’intermediary’ grouping. In
all the analyses adjustment for age has been carried out, and height and indication of
known diabetes has been assessed initially with the second grouping. This is a
tentative network which does have some face validity as lifestyle factors can be seen
as preceding the more immediate blood risk factors which to a large extent they help
to determine. For example, lack of exercise is associated with higher blood viscosity
(Ernst 1985) which in turn is associated with higher risk of coronary heart disease
(Kannel and Sorlie 1979a) and peripheral arterial disease (chapter 6). The Lifestyle
factors are all related to social class, as are many of the intermediary factors.

As fibrinogen haplotype was only available for the case-control study and the

power to detect associations with disease when a large number of variables is
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considered is low, the analysis of fibrinogen haplotype will not be explored further.
This chapter will then assess the independence of all risk factors for peripheral

arterial disease, as measured in the cross-sectional part of the Edinburgh Artery Study

(Fowkes et al 1991), making the distinction between ’lifestyle’ and ’intermediary’ risk

factors.
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9.2 Methods

Many sex by risk factor interactions have been found in previous analyses
(chapters 3-7) , and consequently the results have been presented for males and
females separately. Lifestyle and personality factors were considered first followed by
the rheological and lipids and finally all factors were analysed simultaneously.

The relationship between risk factors considered in previous chapters and social
class was initially assessed by tests for linear trend in mean levels for continuous
variables or proportions for categorical variables across social class. The classification
of social class was I - Professional, II- Intermediate, III - Non-manual/clerical, III-
Skilled, manual, IV - Semi-skilled manual, V-Unskilled, manual , VI and VII -
Unknown/unclassified according to the classification of occupations (OPCS 1980). The
unemployed and retired were classified according to longest held occupation, and
married women were assigned to their husband’s social class. The independence of
risk factors was assessed using multiple linear regression with the ABPI as an
indicator of peripheral arterial disease.

As there was a danger of multiple testing with such a large number of
variables which can undermine statistically significant results, the regression analyses
were restricted to those variables which were either approaching statistical significance
or significant at the 5% level in analyses in previous chapters. Nevertheless the
problem still remains and so marginally significant results were treated with caution.
Since smoking as indicated by packyears has been shown to be one of the strongest
risk factors for peripheral arterial disease tests for smoking by risk factor interactions

were carried out.
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9.3 Results

9.3.1 Lifestyle factors

Females

Social class was strongly linearly related to many dietary variable intakes with
significantly lower intake of energy adjusted vitamin C, B-carotene and cereal fibre
in lower social classes (Table 9.1). A similar trend is shown for «-tocopherol but this
did not reach statistical significance at the 5% level. Height and alcohol intake were
significantly lower in lower social classes while BMI was higher in lower social
classes (all p < 0.0001). Cigarette smoking was also significantly (p = 0.02) higher in
lower social classes, although not in a strongly linear fashion. Social class was
significantly related to leisure activity with greater prevalence of strong/moderate
activity aged 35-45 in higher social classes. Most importantly social class was not
significantly related to the ABPI. This suggested that social class was not a true
confounder of the relationships between other risk factors and peripheral arterial

disease in females.
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Table 9.1 Trend in mean (se) ABPI and lifestyle risk factors for peripheral arterial

disease by social class in females

Social Class Linear
Factor trend
I i} N M v V & VI | p-value

(n=74) (n=240) (n=207) (n=159) (n=70) (n=33)

ABPI 1.02 1.00 1.00 1.01 1.00 1.02 0.89
(0.02) (0.01) (0.01) (0.01) (0.02) (0.03)

B-carotene 8.41 8.17 8.10 8.02 8.03 7.51 <0.0001
(0.07) (0.05) (0.06) (0.06) (0.06) (0.10)

Vitamin C 83.7 804 73.2 76.9 729 62.1 0.0001
(3.3) (1.7 (1.8) (2.2) (3.6) (4.0)

Cereal Fibre 2.52 239 2.25 240 2.23 2.14 0.0001
(0.04) (0.03) (0.03) (0.04) (0.06) (0.07)

a-tocopherol | 2.43 2.35 2.28 2.40 2.28 2.20 0.06
0.06)  (0.03) (0.03) (0.04) 0.06)  (0.06)

Height(cm) 161.9 160.4 157.7 159.7 156.7 155.1 <0.0001
(0.8) 0.4) 0.4) 0.5) 0.7) (1.1)

Alcohol 1.89 1.63 1.00 1.04 1.02 0.77 <0.0001
0.17) (0.09) (0.08) (0.09) (0.16) (0.20)

Packyears 1.92 1.94 2.38 2.18 2.85 2.35 0.02
0.27 (0.15) (0.18) (0.20) (0.39) 0.47)

Leisure 62.2 % 55.0% 23.7 % 39.6 % 243 % 94 % <0.0001

activity(n) (46) (132) (49) (63) Qan 3)

Str/Mod.

Males

Unlike in females, there was a significant linear trend of mean ABPI across
social class categories in males (table 9.2), and so social class could be considered a
true confounder in males. As with females, vitamin C and cereal fibre showed strong
linear trends with significantly lower mean levels in lower social classes while o-
tocopherol was also highly significant (p = 0.003) with B-carotene, only just
significant (p = 0.02). Height had a similar relationship in males compared to females;
shorter mean height in lower social classes (table 9.2). Alcohol has a similar
relationship as in females, while the actual intake is much greater in males compared

to females for all social classes. Similarly, smoking levels are higher in males
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compared to females and showed a stronger linear trend with higher mean packyears
in lower social classes (p < 0.0001). Another lifestyle factor which shows a strong
relationship is leisure activity with greater percentages indulging in strenuous or
moderate activity aged 35-45 years in higher social classes. Mean overt hostile acts
is lowest in social class I but there was no significant trend across social class
categories. Hostile acts was not assessed for females as previous analyses (chapter 5)

had shown no significant relationship to peripheral arterial disease.

Table 9.2 Trend in mean (se) ABPI and lifestyle and hostility risk factors for

peripheral arterial disease by social class in males

Social Class Linear
Factor trend
I I N M v V & VI p-value
(n=94) (n=265) (n=245) (n=95) (n=78) (n=32)
ABPI 1.11 1.07 1.03 1.04 1.03 1.06 0.004
(0.02) (0.01) (0.01) (0.02) (0.03) (0.03)
B-carotene 8.1 8.0 7.9 7.9 79 7.6 0.02
(0.07) (0.05) (0.06) (0.09) (0.12) (0.23)
" Vitamin C 69.3 66.4 58.7 589 57.5 50.9 <0.0001
2.5) (1.5 (1.6) 22) 24 (3.6)
Cereal Fibre 2.46 242 2.25 2.29 222 2.13 <0.0001
(0.05) (0.03) (0.03) (0.05) (0.05) (0.07)
o-tocopherol | 2.30 2.38 2.20 227 2.14 2.21 0.0003
(0.04) (0.03) (0.03) (0.05) (0.05) (0.07)
Hostile Acts 134 14.2 149 142 14.2 143 0.06
0.2) (0.2) (0.2) (0.3) 0.4 (0.6)
Height (cm) 1759 1739 1703 171.6 167.8 167.1 <0.0001
0.7 0.4) (0.4) 0.7 (0.8) (14)
Alcohol 3.12 2.72 2.90 2.50 2.69 1.76 0.01
(0.17) (0.13) (0.14) (0.23) 0.27) (0.31)
Packyears 2.95 3.34 4.17 3.93 447 432 <0.0001
(0.29) (0.18) (0.18) (0.31) (0.36) (0.62)
Leisure 79.8% 80.0% 57.6% 58.9% 46.2% 34.4% <0.0001
activity(n) (75) (212) (141) (56) (36) (11)
Str/Mod.
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Males and Females

Previous analyses in chapter 4 had shown a significant (p = 0.02) three way
interaction of sex by smoking by leisure activity. Consequently, multiple linear
regressions were carried out separately for males and females. Smoking was the
strongest lifestyle risk factor along with age in females. There were no significant
smoking by lifestyle factor interactions in females.

In males there was a significant smoking by hostile acts interaction(p = 0.008)
but this became non-significant on adding a leisure activity by smoking interaction.
Leisure activity was strongly correlated with hostile acts in males (p = 0.03) and also
vitamin C intake (p <0.001). Vitamin C intake was significantly higher in males
(p<0.001) and females (p<0.001) in those who indulged in strenuous/moderate leisure
activity aged 35-45. As shown in tables 9.1 and 9.2 the prevalence of taking part in
leisure activity was lower in lower social classes, showing significant linear trends (p
< 0.0001) in proportions of strenuous/moderate activity aged 35-45. In other words
leisure activity may be a marker for various lifestyle, personality and social class
characteristics and hence if added to a multiple linear regression model other lifestyle
and personality factors to which it was related became non-significant. Hence hostile
acts was not a risk factor independently of leisure activity and social class.

Leisure activity showed a significant increase in the ABPI for
strenuous/moderate activity relative to none only in those who ever smoked. Hence
it appears that taking part in leisure activity aged 35-45 goes some way to ameliorate
the cumulative effects of cigarette smoking but does not compensate completely.
Amongst those who never smoked there were associations also with leisure activity

but these did not reach statistical significance, presumably because the benefit of
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activity is relatively smaller as non-smokers already had high levels of the ABPL
Alcohol was positively related to the ABPI in males but not in females, suggesting a

possible beneficial effect of alcohol.

Table 9.3 Multiple regression of Lifestyle factors on the ABPI in males and females

(adjusted for all lifestyle factors)

Females(n=783) | Males(n=809)
Factor
(+18S.D.) Mean Mean
ABPIx100 ABPIx100

(se) (se)
Packyears -4.60™* -4.74"
(Square root) (0.51) (0.59)
Age -3.15™ -3.20™*

(0.57) (0.67)

Alcohol units 0.48 1.87°
(Square root) (0.61) (0.80)
Leisure Activity:
Ever smoked
Light activity 0.9 4.5
vS. none 2.2) (2.8)
Moderate activity 0.5 58"
VS none 2.3) (2.6)
Strenuous activity | 1.8 7.1
vs. none 4.6) (3.0
Never smoked
Light activity 22 3.7
Vs none 2.2) (3.8)
Moderate activity 2.1 25
Vs. none (2.3) (3.3)
Strenuous activity | -6.0 4.8
Vs. none (5.3) (4.0)
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Social class was shown to be significantly related to the ABPI in males on
simple linear regression (p = 0.002) but on progressively adding height, age, leisure
activity and smoking it became non-significant (table 9.4), indicating that social class

was an important risk factor but was not independently related to the ABPI.

Table 9.4 Relationship between Social Class and Lifestyle factors in males in multiple

linear regression on the ABPI

Model Mean p-value
ABPIx100
for Social
Class
Social Class =37 0.002
Social Class + Age - 1.6 0.002
Social Class + Age + Height -05 0.017
Social Class + Age + Height + Leisure -0.9 0.11
activity
Social Class + Age + Height + Smoking -0.7 0.19
Social Class + Age + Height + Smoking -04 0.33
+ Leisure Activity
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9.3.2 Intermediary Risk Factors

As with the lifestyle factors there were many strong relationships between
intermediary risk factors and social class. In females blood viscosity and fibrinogen
were significantly higher in lower social classes (table 9.5). Among the lipid measures,
HDL cholesterol was highly significantly lower in lower social classes while
triglycerides were significantly higher. BMI showed a highly significant trend with
higher mean levels in lower social classes.

In males there was a similar picture, in that, blood viscosity and fibrinogen
showed significant linear trends with higher mean levels in lower social classes. On
the other hand, unlike in females, there was no significant linear trends of lipids across

social class categories (table 9.6).
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Table 9.5 Trend in mean (se) ABPI and intermediary risk factors for peripheral arterial

disease by social class in females

Social Class Linear
Factor trend
I I N M v V &VI p-value
(n=74) (n=240) (n=207) (n=159) (n=70) (n=33)
ABPI 1.02 1.00 1.00 1.01 1.00 1.02 0.89
(0.02) (0.01) (0.01) (0.01) (0.02) (0.03)
Blood 3.23 3.31 3.40 343 3.39 3.50 0.001
viscosity (0.06) (0.03) (0.04) (0.04) (0.06) (0.10
(mPa.s)
Uric acid 288 279 293 288 285 303 0.18
(pmol/l) (7.8) (4.1) (5.1) (5.8) (8.6) (13.1)
Fibrinogen 264 275 281 282 290 293 0.008
(&h (6.8) 4.3) (5.0) (5.8) (1.9) (12.6)
BMI (kg/m?) 24.9 24.8 26.2 2535 26.6 28.8 <0.0001
0.5) 0.2) (0.3) (0.3) (0.6) (1:2)
Known 0% 0.8 % 14 % 3.1% 7.1 % 0% 0.01
diabetic(n) © 2 3) &) 6)) )
HDL (mmol/l) | 1.74 1.68 1.58 1.57 1.53 1.52 <0.0001
(0.05) (0.02) (0.03) (0.03) (0.06) (0.08)
NonHDL 5.59 5.84 5.95 5.76 5.93 5.45 0.93
(mmol/1) (0.15) (0.08) (0.10) (0.11) (0.16) (0.24)
Triglyceride 0.17 0.23 0.38 0.29 0.38 0.40 0.0006
(In) (mmol/1) (0.05) (0.03) (0.03) (0.03) (0.06) (0.09)

In -Natural logarithm
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Table 9.6 Trend in mean (se) ABPI and intermediary risk factors for peripheral arterial

disease by social class in males

Social Class Linear
Factor trend
1 I N M v V &VI p.value
(n=94) (n=265) (m=245) (n=95) (n=78) (n=32)
ABPI 1.11 1.07 1.03 1.04 1.03 1.06 0.004
(0.02) (0.01) (0.01) (0.02) (0.03) (0.03)
Blood 3.65 3.74 3.79 3.86 3.95 3.93 0.0002
viscosity (0.05) (0.04) (0.04) 0.07) (0.08) (0.16)
(mPa.s)
Uric acid 344 345 344 346 343 336 0.60
(pmol/l) (7.3) 4.2) (4.5) (7.9 9.8) (16.1)
Fibrinogen 236 253 279 275 268 273 <0.0001
(€)Y (6.3) 4.0) 6.0 ®©.7 (6.8) (13.1)
BMI (kg/m?) 1759 173.9 170.3 171.6 167.8 167.1 <0.0001
0.7) (0.4) 04 0.7) 0.8) (14)
Known 21% 3.0% 3.7 % 2.1% 51% 6.3 % 0.25
Diabetic(n) ¥))] 8 ® ¥))] ) (2)
HDL (mmol/l) | 1.34 1.27 1.21 1.33 1.27 1.26 0.46
(0.04) (0.02) (0.02) (0.04) (0.04) (0.06)
NonHDL 532 544 5.29 5.45 5.37 5.47 0.86
(mmol/1) (0.14) 0.07) 0.07) (0.12) (0.14) (0.22)
Triglyceride 0.37 0.40 041 0.31 0.40 0.44 0.93
(In) (mmol/1) (0.05) (0.03) (0.03) (0.05) (0.06) (0.06)

In - Natural logarithm

In the multiple linear regressions there were significant fibrinogen by sex (p
= (0.02) and blood viscosity by sex (p = 0.0007) interactions. Both these variables had
significantly stronger relationships in males compared to females (table 9.7). There
was also a suggestion of an HDL cholesterol by sex interaction with a highly
significant positive association only in males but this did not reach statistical
significance at the 5% level. Both BMI and age were significantly associated with the

ABPI in males and females.
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Social class in males became non-significant as soon as blood viscosity,

fibrinogen and smoking were added to the model; because of the strong correlations

between social class and these variables (table 9.6)

Table 9.7 Multiple regression of Intermediary factors on ABPIx100 in males and

females (adjusted for all intermediary factors)

Females (n=783) | Males (n=809)
Factor
(+18.D.) Mean ABPIx100 | Mean ABPIx100 | p-value*
(se) (se)
Age (years) -2.06™ -3.2" 0.16
- (0.63) 0.72)
BMI (kg/m?) 2.69" 2.07* 0.91
(0.72) (0.75)
Fibrinogen -1.97% -3.93"*" 0.02
€72V (0.72) (0.83)
Blood 0.83 -2.24" 0.0007
viscosity (0.89) (1.09)
(mPa.s)
HDL 0.91 2.15" 0.07
Cholesterol (0.73) (0.76)
(mmol/1)
NonHDL -1.07 -1.42% 0.56
Cholesterol (0.77) (0.79)
(mmol/l)
Known 1.4 -16.0™ 0.10
diabetic 4.4) 4.5)
Vs. non

# test of difference between unstandardised regression coeffficients for males and

fenales
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9.3.3 Lifestyle and Intermediary Factors
Females

There were significant sex by smoking (packyears) by fibrinogen (p = 0.01)
and sex by blood viscosity (p = 0.01) interactions and sex by leisure activity by
smoking (p = 0.02) interactions. However, if the blood viscosity three way interaction
was added along with the fibrinogen and leisure activity three way interactions, it
became non-significant. Consequently, to aid interpretation, the analysis of all factors
was split according to sex and ever/never smoked in males. In females a test for a
fibrinogen by smoking interaction was not significant.

When the lifestyle and intermediary factors were combined the most striking
change was that fibrinogen was no longer significant for females (table 9.8) suggesting
that smoking in terms of the packyears may be the source of the raised fibrinogen
levels in women, while fibrinogen remained an independent risk factor in males

Table 9.8 shows that age and smoking in terms of packyears were the most
significant factors, especially smoking and these were the only independent risk factors
in women. NonHDL cholesterol approached significance at the 5% level. Figure 9.1
shows a similar trend in blood viscosity with leisure activity aged 35-45 years in
females and in males, although leisure activity was not significantly ralted to the ABPI

in females.
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Table 9.8 Multiple regression of all factors on ABPIx100 in females (n = 783)

Factor ( + 1 s.d.) Mean ABPIx100 | p- value
(se)

Packyears -4.30 <0.0001

(Square root) (0.66)

Age (years) -2.57 0.0001
(0.63)

Height (cm) 0.30 0.65
(0.65)

Fibrinogen (g/1) 0.49 0.49
(0.71)

Blood viscosity 0.59 0.38

(mPa.s) (0.67)

HDL Cholesterol 0.56 0.46

(mmol/1) (0.76)

NonHDL -1.35 0.08

Cholesterol (0.77)

(mmol/l)

Known diabetic -2.0 0.66

VvS. non 4.4)

Leisure activity

Strenuous vs none -1.2 0.75
(3.9)

Moderate vs none 0.40 0.86
2.1)

Light vs none 0.2 0.92
(2.0)
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Mean Blood Viscosity (95% C.1.)
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Figure 9.1 Relationship between blood viscosity and extent of leisure activity

aged 35-45
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Males who had ever smoked

Whenever risk factors in men who had ever smoked were considered, it was
clear that smoking had a synergistic effect on many of the risk factors’ associations
with the ABPI (table 9.9). Smoking and age were both highly significantly related to
the ABPI as were fibrinogen and blood viscosity. In fact fibrinogen appeared to be the
most important risk factor (p < 0.0001) for men who smoke. HDL cholesterol and
nonHDL cholesterol were both significant at the 5% level with independent
associations with the ABPI in opposite directions. The positive association of alcohol
and the ABPI found when only lifestyle factors were considered disappeared, probably
due to the high correlation between alcohol and HDL cholesterol in men (r = 0.30).
Subjects who were known diabetic had significantly lower mean ABPI relative to non-
diabetics (table 9.9). Strenuous activity relative to none and moderate activity relative
to none were shown to be significantly related to higher mean ABPI in those males
who ever smoked when lifestyle factors were considered alone (table 9.3). On adding
the intermediary factors, the leisure activity variables became less significant, although
still remaining significant at the 10% level. This was mainly due to the strong

relationship between leisure activity and blood viscosity in males (figure 9.1).
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Table 9.9 Multiple regression of all factors on ABPIx100 in males who ever smoked

(n = 568)

Factor ( + 1 s.d.) Mean ABPIx100 | p- value
(se)

Packyears -2.79 0.001

(Square root) (0.86)

Age (years) -2.99 0.0008
(0.89)

Height (cm) 1.01 0.22
0.77)

Fibrinogen (g/1) -4.26 <0.0001
(0.95)

Blood viscosity -3.42 0.0002

(mPa.s) (0.89)

HDL Cholesterol 2.31 0.02

(mmol/l) (1.02)

NonHDL -2.06 0.03

Cholesterol (1.00)

(mmol/l)

Known diabetic -14.5 0.01

Vvs. non (5.6)

Leisure activity

Strenuous vs none 6.7 0.05
(3.5)

Moderate vs none 3.2 0.09
(3.1)

Light vs none 3.7 0.25
(3.3)
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Males who never smoked

Although the power was now low to detect associations in the group of men
who never smoked, table 9.10 shows that many of the risk factors were very non-
significant in this group, and so could not be dismissed on that account. The strongest
risk factor amongst males who had never smoked was nonHDL cholesterol (p =
0.009), while being a known diabetic was also significantly associated with lower
mean ABPI (table 9.10). It is notable that age was not significantly related to the
ABPI in male non-smokers. On removing nonHDL cholesterol from this model, of all

the dietary factors dietary cholesterol approached significance (p = 0.07).
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Table 9.10 Multiple regression of all factors on ABPIx100 in males who never

smoked (n = 224)

Factor ( + 1 s.d.) Mean ABPIx100 | p- value
(se)
Age (years) -1.20 0.29
(1.08)
Height (cm) 1.87 0.08
(1.02)
Fibrinogen (g/l) 0.83 0.46
(1.13)
Blood viscosity -1.46 0.20
(mPa.s) (1.15)
HDL Cholesterol 0.40 0.71
(mmol/1) (1.12)
NonHDL -3.10 0.009
Cholesterol (1.17)
(mmol/l)
Known diabetic -13.7 0.01
vs. non (5.6)
Leisure activity
Strenuous vs none -3.3 0.48
' 4.7)
Moderate vs none -5.8 0.19
(4.4)
Light vs none -4.5 0.32
(4.6)
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9.4 Summary

Females

Age and smoking were the most important risk factors for females, with nonHDL

approaching statistical significance.

The significant relationships between the ABPI and blood viscosity and fibrinogen

could be ’explained’ by cigarette smoking

Social Class and leisure activity were not significantly related to the ABPI in females

Males

Age and cigarette smoking were strongly significant in males as in females.

There were significant interactions with smoking for blood viscosity and fibrinogen.
In fact, in those who never smoked fibrinogen and blood viscosity were not
significantly related to the ABPL In those who ever smoked, blood viscosity and

fibrinogen were significantly related to the ABPI independently of smoking.

Leisure activity factors (Strenuous and Moderate relative to none) were significantly
related to the ABPI. They also had significant interactions with cigarette smoking with
the greatest relative benefit to those who had ever smoked, although this may not be

independent of blood viscosity.

133



HDL and nonHDL cholesterol were significantly related to the ABPI, nonHDL

especially in male non-smokers, where it was the most important risk factor.
Social class was strongly related to the ABPI but not independently of the lifestyle
factors of height, leisure activity, smoking and dietary factors, and not independently

of the intermediary factors of blood viscosity and fibrinogen.

Diabetes was only a significant risk factor for males.
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CHAPTER 10
POWER AND SAMPLE SIZE ESTIMATION IN EPIDEMIOLOGICAL
STUDIES
10.1 Introduction - Terminology

This chapter addresses two main questions. Firstly, what is the power of tests
to detect a given effect size with a fixed type I error and sample size? This question
will be considered in the context of analyses of The Edinburgh Artery Study data
presented in previous chapters. Secondly, at the design stage of a study, what is the
required sample size to detect a given effect, with fixed type I error and power?
Before discussing the methods which have been proposed to answer such questions
some terminology is required.

The purpose of a statistical test is to assess the evidence against a stated null
hypothesis, H, which it is hoped can be rejected in favour of an alternative hypothesis,
H,. In carrying out hypotheses tests there are two main types of error which can be
made. The type I error (o) is the probability of achieving statistical significance
(rejecting the null hypothesis) when the null hypothesis is, in fact, true. This is equal
to the significance level. The type II error (B) is the probability that the null

hypothesis is not rejected when it is, in fact, false. This can be summarised as follows:

H, true H, true
Reject type I Correct
H, error decision
Accept  Correct type II
H, decision error

The type I error by convention is taken to be 5%, while 1-B the power of the

test is more often considered than the type II error B. The power of a test 1- is the
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probability of rejecting the null hypothesis when the null hypothesis is false. It would
be ideal to minimise both errors but a decrease in one results in an increase in the
other. Low power is a problem in studies where a medically interesting effect is
missed because of low sample size. Hence the need to assess the required sample size

at the design stage. This will be addressed in the second part of this chapter.

10.2 Power - Continuous outcomes

10.2.1 Pearson correlation coefficient

The simplest relationship between a continuous risk factor and outcome can
be described by the Pearson correlation coefficient, p. The sample correlation

coefficient r is defined as
n — —
; (x;-%) (y4-¥)
=]

\l?: T 22 (=T

_r=

or as

r=cov(x,y) /Yyvar (x) var (y)

A test of Hy : p = 0 is given by
n-2

(1-r°)

which follows a t-distribution with n-2 degrees of freedom. This assumes that the risk
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factor and outcome have a joint normal distribution. This is equivalent to testing the
simple linear regression coefficient (B) under H, : B = 0. Assuming n is large and

T ~ N (0,1) the power of this test is estimated by

— n —
Z1-p= «‘ T2 Z1-a/2

and from standard normal tables

Power=1-ﬁ=f_z“’f(x) dx

where f follows N (0,1).
Table 10.1 shows the correlation of various risk factors from the Edinburgh Artery
Study as described in earlier chapters with one continuous measure of peripheral

arterial disease, the ABPI.
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Table 10.1 Pearson Correlations of the ABPI and Smoking with Risk Factors

for Peripheral Arterial Disease

ABPI Smoking N
Packyears
Age -0.18 0.03 1582
Smoking (Packyears) | - 0.22 - 1550
Alcohol (Square root) 0.12 0.25 1582
Fibrinogen -0.23 0.15 1538
Blood viscosity -0.11 0.23 1390
In (Triglycerides) - 0.12 0.15 1563
HDL 0.05 -0.14 1557
NonHDL - 0.15 - 0.04 1557
In (Cereal fibre) 0.04 -0.19 1579
a-tocopherol 0.02 - 0.15 1578
Vitamin C 0.03 - 0.19 1578
Hostile acts -0.01 0.16 1579
Dominance - 0.01 0.17 1579

The power based on equation 4 to detect various population correlations (p) with a

set of sample sizes with two-sided significance level of 5% are shown in table 10.2
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Table 10.2 Power (%) to detect p with sample size n at o = 0.05

Ipl n=100 =250 n=500 n=1000 n=1500
0.05 7 12 20 36 49
0.075 11 22 39 66 83
0.10 17 36 61 89 97
0.15 48 67 92 99 *
0.20 53 90 99 " *
0.25 73 98 # * *
0.30 88 * * " .

¥ Power > 99.5%

The values in table 10.2 agree with those in Cohen (1988). From table 10.2 it can be
seen that the Edinburgh Artery Study can detect individual r20.07 with power > 80%.
Where the associations are weak (table 10.1) such as r = 0.05, power is inadequate
with this sample size, although it is debatable whether such low correlations would be

worth detecting.

10.2.2 Partial Correlation Coefficient

Table 10.1 also shows that smoking in terms of packyears is highly correlated
with many other risk factors for peripheral arterial disease such as alcohol intake and
blood viscosity. Clearly, smoking is a confounder of the relationship between many
risk factors and the ABPI. The effect that this has on the simple correlation coefficient
can be seen by consideration of the partial correlation coefficient (see for example,

Kleinbaum, Kupper and Muller 1988). Define the first order partial correlation

coefficient as
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Lyx, Lyx,Tx,x,

V(1-Tp) (1-Zyy)

'r.Yx1 1x; v

From table 10.2 using some interpolation, the power to detect a population correlation
coefficient of p = -0.11 is approximately 96% with n = 1400 and two-sided c. In the
Edinburgh Artery Study the correlation coefficient of blood viscosity with the ABPI
is -0.11. If smoking is included as a covariate (x;) then ryy, = -0.22 and ry,y, = 0.23
and
Tyxixz = - 0.06 compared with ryy; = -0.11

and so the power is lower for a given sample size to detect an association between the
ABPI and blood viscosity after adjusting for smoking. In fact, using the methods
dcséribed later (Cohen 1988) the power is 66% with the presence of this covariate. On
the other hand, the Pearson correlation of alcohol and the ABPI was r = (.12, while
the partial correlation adjusting for smoking was Iyy;x, = 0.18, assuming the sample
correlations represent the population values. Thus the effect of adjusting may also be
to increase the power to detect associations depending on the direction of the
association between risk factors and outcome and between risk factors. This can be

summarised as follows

Correlation outcome Correlation risk Direction effect on
and confounder factor and confounder partial correlation
Tyxo Txixa relative to Pearson
Opposite sign Positive
Same sign Negative
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It is more usual to find a reduction in power after adjusting for a covariate
such as in the blood viscosity example above and in most of the factors in table 1 and
when adjusting for more than one covariate. The preceding results in terms of
correlations are equivalent to tests of regression coefficients in simple linear regression

and when adjusting for covariates in multiple linear regression.

10.2.3 Multiple linear regression

One way of dealing with more than one covariate is to consider the multiple
correlation coefficient of Y with X, ..., X,. Assuming that the p+1 variables have a

multivariate normal distribution (MVN) with a positive definite covariance matrix of
/
s
zyx Ex

The population multiple correlation coefficient (Anderson 1984) between Y and X, pyx
is estimated by

zi.xzx-lz,.x] 2

R,= [
YX 0_-{2

The test statistic for Hy : pyx = 0 is

2
[ (N-1-p) /P] il

~X , N=1=

where N is the number of subjects and p is the number of variables.
Gatsonis and Sampson (1989) present a method of estimating power and sample size

with two approaches: conditional and unconditional. The unconditional approach
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assuming the p+1 variables have a MVN distribution is relevant to epidemiological
studies where the independent variables are not fixed in advance. The unconditional
power of the test is given by

[p _1Xp+2k2]
[(N-1-D) "1X{2N—1—p}]

2Fp N1-p

prob

where k has a negative binomial distribution. Under H,, : pyx = 0 the random variable
k=0.

The exact power calculations require tables of the noncentral F distribution of the
sample multiple correlation coefficient (MCC) but Gatsonis and Sampson (1989)
provide tables based on an approximation which is very accurate. They also found
reasonable agreement between their results and those of Cohen (1988). Table 10.3
shows the power of the test for various values of pyx, n and ®=0.05 based on some

interpolation of the tables of Gatsonis and Sampson (1989)
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Table 10.3 Approximate power (%) with number of variables p=4 from

tables of Gatsonis and Sampson (1989) at 5% significance level

n
Prx 100 250 500 1000 1500
0.10 <10 20 40 70 89
0.15 20 40 77 08 x
0.20 30 74 96 « *
0.25 50 92 x x x
0.30 70 98 * * .
0.35 85 x % . .
0.40 94 * x * x

* Power > 99.5%
From table 10.3 it is clear that the Edinburgh Artery Study has adequate power
(>80%) to detect a pyx > 0.10. The value of R for the ABPI as outcome with age, sex,
alcohol and smoking in terms of packyears was R = 0.35 and on the face of it power
is more than adequate. However, epidemiological studies are generally not designed
to test Hy :pyx= 0.

A more interesting question is a test of H, : B, = 0 adjusting for a number of
covariates where P, is the adjusted regression coefficient of the variable of interest.
This is equivalent to testing whether the multiple partial correlation coefficient is zero.

Gatsonis and Sampson (1989) handle this by partitioning the p independent variables
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into groups of size p, and p - p; denoted by X, and X, respectively. The appropriate
test is of an association between Y and X, adjusting for X,. The simplest case is
where p,=1 , the effect of one variable adjusting for p-1 covariates. The test is then

Hy: pyxixze = 0.

In terms of the sample partial multiple correlation coefficient squared

2 —p2
=R ¥Yxilx2 Ryixz

Z2yx11x2
D2
1-R% %2

where R? is the percentage of variance explained by the regression model.
Using the tables of Gatsonis and Sampson (1989) with various values of the partial
multiple correlation coefficient table 10.4 shows the power with p, = 1.

Tabie 10.4 Power (%) for partial multiple correlation coefficient with p; = 1

n
Prxice 100 250 500 1000 1500
0.10 18 40 61 88 97
0.15 29 67 o1 * .
0.20 51 90 x * *
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In the Edinburgh Artery Study the following results were obtained for multiple
linear regression of age, sex, smoking, and alcohol on the ABPI and the same model

with fibrinogen added.

Model R? R
Age, sex, smoking, alcohol X, 0.126 0.355
Age, sex, smoking, alcohol X, 0.142 0.377
+ fibrinogen

The multiple partial correlation coefficient for fibrinogen is thus ryy,x, = 0.14. From
table 10.4 and with a sample size of 1500, the power is greater than 99% for the case
of a partial multiple correlation coefficient = 0.14. For pyy;x, < 0.1 , power would be
inadequate.

Cohen (1988) also gives power tables for this case by calculating A which is
a function of the squared multiple partial correlation coefficient. In addition the
number of variables of interest (u) and the number of covariates (w) need to be
specified. Then

v=N-u-w-1 andA=f@u+v+1)

2
r
where f?= YX1\X2

2
1-I 1%z

or

F2= Rzrx.urz'Rzrxz
1_R2rx1x2
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Note that this implies that w is swamped by N whenever N is large and w the number
of covariates is really only a problem when N and w are of comparable size, for
example, 50 covariates with 100 subjects.

It would be useful to look at power for a range of partial multiple correlation
coefficients and table 10.5 shows this for the case of adding one variable adjusting for
4 covariates.

Table 10.5 Power (%) for partial multiple correlation coefficient for u=1 variable

of interest adjusting for w=4 covariates from the tables of Cohen (1988)

n
Prxioc 100 250 500 1000 1500
0.025 <10 <10 <10 <10 12
0.05 <10 <10 18 34 50
0.075 10 20 37 65 81
0.10 14 34 61 89 97
0.15 31 65 92 # *
0.20 51 90 * x x

* Power > 99.5%

The results in table 10.5 are similar to those in table 10.4, so there is consistency in
the results of Cohen (1988) and Gatsonis and Sampson (1989), although the latter do
not give tables for values < 0.1. In addition, the results in tables 10.4,10.5 for partial
correlations are also similar to those for the simple Pearson correlation coefficient
(table 10.2).

Using Cohen’s tables (1988) the power of the test of fibrinogen on addition to
a model containing age, sex, smoking and alcohol is also greater than 99%.

However, fibrinogen is strongly related to the ABPI and it is not surprising that the
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power is adequate in the Edinburgh Artery Study. When considering dietary risk
factors (chapter 3) variables were entered into the regression model adjusting for age,
sex, smoking and height and it would be instructive to consider the power in the case
of adding vitamin C (energy adjusted), for example, to this basic model. The change
in R? on adding vitamin C was 0.0025 or 0.25% and the partial multiple correlation
coefficient was 0.053. The power from table 5 at the 5% level to detect such an effect
size with 1592 subjects is 56%. The power to detect such relatively small population
partial correlations is inadequate with this sample size. The question then arises as to
whether such small effect sizes are meaningful. Gatsonis and Sampson (1989) do not
give power for coefficients < 0.10, but it is obvious that the power for this case would

also be inadequate according to their method.
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10.2.4 Generalised Linear Models

The methods of Gatsonis and Sampson (1989) and Cohen (1988) only apply
to continuous outcomes. The analysis of data from case-control , cohort and cross-
sectional studies and randomised controlled trials can all be accommodated within the
framework of generalised linear models (McCullagh and Nelder 1989). Power and
sample size determination taking into account confounding variables can then be
obtained directly from the Fisher information matrix within the context of generalised
linear models (GLM). Such a method is outlined by Wilson and Gordon (1986). The
method of Wilson and Gordon (1986) assumes an approximate MVN distribution for
confounders, depends on the link function specified and does not deal with nominal
or multiple outcomes. There are tests for MVN, but Cramer and Wold state that the
distribution of a p-dimensional random variable X is completely determined by the
univariate distributions of all it’s linear compounds, so that if every linear compound
of X is approximately normal <=> X has a MVN distribution (Chatfield and Collins,
1984)

Before discussing the method, some background theory is necessary. Let Y be
the dependent variable and x;, X,, ......x, the independent variables of which x;, say,
is of most interest and the rest of the x’s are covariates. The independent variables can
be binary, nominal, ordinal, or continuous, although the method of Wilson and Gordon
(1986) assumes MVN and so strictly only applies to continuous covariates. The
distribution of the random variable Y must be from the exponential family and so can
be expressed in canonical form (McCullagh and Nelder 1983).

Define B" = (By, By «oe.Bp )
Then 1, =g(p) =B"x, and g is known as the link function.

For the case of multiple linear regression the link function is the identity -
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n=g@)=p=E(Y;)
For multiple logistic regression the link function is the logit, log (p/(1-p)).
If the GLM is valid, the maximum likelihood estimate [ asymptotically has a MVN
distribution with mean B and variance-covariance matrix V (B) = [I (B)]*
where I (B) is the Fisher information matrix.
If B, is the variable of interest, then B, is approximately distributed N [B,, V,; (B)]
Let B® represent the maximum likelihood estimate of B under H, , k = 0,1.

The test of H, : B, = B,*” against H;: B, > B,, at « significance level.

Let Ek-_- [NXVll (B (k) )] 1/2

V., (B®) is expressed in terms of N so that &, does not involve N.

Then power is estimated from

Zl-p='£1' [y W) (Bn(.l) _ﬂ]E_OJ) "zl-s.c'on]

In multiple linear regression B,” = 0 and B, and V ( B,¥ ) = 6° / N var (x,) are
obtained from the regression model involving x,. Returning to the power calculations
for the case of adding Vitamin C to a regression model on the ABPI, adjusting for
age, sex, smoking and height as described earlier for Cohen’s method (1988). Using
the method of Wilson and Gordon (1986) gives a power of 52.8% which is very
similar to that estimated by Cohen’s method (1988); a value of 54%. Post hoc power
calculations are relatively easy with this method as the values of B, and V,, (B) would

be readily available.
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10.3 Power - Binary Outcome

In the epidemiological literature the case-control study tends to dominate
consideration in estimating sample size, even though such a design has many
methodological failings (Hennekens and Buring 1987) and other methods such as
cross-sectional surveys and cohort studies are often encountered. There is an extensive
literature dealing with the case of a binary outcome and exposure (Walter 1977,
Armstrong 1987, Schlesselman 1974, Walter 1980, Lemeshow 1988).
10.3.1 k independent 2x2 tables

The problem of confounding variables is rarely considered. One exception is
Gail (1973) who presents power and sample size for a dichotomous outcome and
exposure allowing for k strata, that is, k independent 2x2 tables. This method assumes
constant odds ratio over all k strata and that the exposure rate in controls and cases;

P » Py Tespectively, lie in the interval (0.1, 0.9). The power is estimated by

2,-5=/DEE;9;-2, 4/

where f; is the proportion of subjects in the j th stratum and

(1n OR)?
(1/ (B d(1-Dpd) ) #1/ {DyJ(1=-D; 7)) )

g;=

and OR is the odds ratio assumed constant over the k strata. If only one stratum is
considered this is equivalent to using the simple formula comparing two independent

proportions (Schlesselman 1982)
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\ n(p,-p,) 2
Z1-p= _zlazo_'zl—ufz

where p, is the proportion exposed in the controls and

P; =Po OR/[1 +p, (OR - 1)] and

5=% (po*+p,) and g=1-p

Gail (1973) gives a table of g; for values of OR and p; to facilitate these calculations.
Using the 8 strata from the case-control study of the Edinburgh Artery Study (Chapter
2), that is, four age groups in males and females , with the number of cases equal to
153 the estimate of power with two confounding variables can then be compared to
that obtained with one stratum, that is, in the unadjusted case. Table 6 shows an
example of the procedure with p,; for the exposure rate to smoking (ever vs never)
obtained from the case-control study of the Edinburgh Artery Study, assuming these

are likely population values.
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Table 10.6 Calculation of estimated sample size using Gail’s (1973)

method with data from the Edinburgh case-control study

Swataj | Ry ! & fe,
1 0.100 0.065 0.0269 0.00175
2 0.571 0.137 0.0506 0.0069
3 0.25 0.157 0.0497 0.0078
4 0.20 0.131 0.0447 0.00586
5 0.571 0.046 0.0506 0.00233
6 0.538 0.085 0.0536 0.0046
7 0.471 0.111 0.0565 0.0063
8 0.683 0.268 0.0413 0.0111
Z f; g = 0.0465

For o= 0.05, n=153 and OR = 2.0

2,5 =0.707 , Power = 77.9%

Table 10.7 shows the power estimates with 8 strata and one stratum from Gail (1973)
showing the decrease in power when adjusting for two confounders.

Table 10.7 Power (%) according to Gail (1973) for 8 strata and 1 stratum (unadjusted)

Number of cases

Study design 100 150 200 300

8 strata 25 36 45 61

OR =15 1 stratum 29 41 48 69
(Unadjusted)

8 strata 58 75 86 96

OR =20 Y 67 83 92 o8
(Unadjusted)

The results in table 10.7 demonstrate that the Edinburgh Case-Control study (n = 153)
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is just adequate with power > 70% to detect odds ratios = 2.0 when allowing for two
covariates with the 8 strata identified in this study. The reduction in power is 5-8%
allowing for age and sex compared to the unadjusted analysis. In the actual analysis
of the case-control study (chapter 2) there was adjustment for more than 2 covariates
and hence the number of strata would be greater than 8 and so the power would be
even more reduced than that shown in table 10.7. These results are based on a
particular study. In practice, the power would be calculated for a range of py; values
and with different numbers of strata.

This method is fine for N; > 15 and py; and p;; lying in the interval (0.1, 0.9),
which is reasonable for the Edinburgh data. It also assumes equal subjects divided
between treatments or equal cases and controls and the confounders are categorical.
Of course continuous covariates can also be categorised but this leads to a subsequent
loss of information. This formula (Gail 1973) is based on tests such as the Mantel-
Haenszel (1959) procedure. Greenland (1985) presents a method for multiway tables
using the Wald statistic, of which Gail (1973) is a special case. Muiioz and Rosner
(1984) also tackle the problem of power estimation by using an approximation for the
asymptotic power of the Mantel-Haenszel (1959) procedure for the test of a common
odds ratio in a collection of 2x2 tables.

10.3.2 Logistic regression

Logistic regession is a more versatile alternative to the Mantel-Haenszel
procedure for the analysis of case-control studies, and is also appropriate in cohort and
cross-sectional studies with binary outcomes. In addition, the covariates can be binary,
ordinal or continuous. A more general formula for power and sample size based on
logistic regression with small response probability and n covariates was proposed by

Whittemore (1981). This approach is based on an approximation to the Fisher
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information matrix I (8) = E[ - 8’1/ 8686°] for the estimated parameters in a multiple
logistic regression. This means that estimates are needed for the regression coefficients
of each variable and the correlation matrix. Hsieh (1989) presents easy to use tables
derived from Whittemore (1981) and gives an extension where the regression

coefficients do not have to be given. The estimate of power with one covariate is

given by
(2P0
z - \ (1+2p6) 1-a/2
1_p e (4&2/4}
where

. [1+(1+0*2) g (58"/4)]
[1 +e (—0.2/4’]

and p is the probability of the event at the mean values of all covariates and 6" = In
r ( ris the odds ratio of disease corresponding to an increase in x of 1 s.d. from the
mean, given the values of the remaining covariates) , that is,

P (%) = p (y=1Ix;...x))

The model expresses the logit of p as a linear combination of the x’s

In[p/(1-p)] = O, + 6, X, + .t O, X,
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The above formula only applies to the case of one covariate and Hsieh (1989)

provides an upper bound for sample size

1,
(1-p2?)

1,

where p is the multiple correlation coefficient of x,, with a number of covariates x,,
...X,. Hence n, can be substituted by n_, (1 - p?) in the power formula, where each of
the x; have been normalised with mean O and variance 1. The tables (Hsieh 1989) are
easy to use and suitable for high or low event probabilities.

Assuming a case-control study with equal numbers of cases and controls then
the probability of being a case with a mean level of the variable of interest is 0.5.
Table 10.8 shows the power to detect odds ratios of 1.5 and 2.0 for a subject with a
1 S.D. increase in fibrinogen for various numbers of cases. In order to detect the same
odds ratios adjusting for age, sex, and smoking, which has a multiple correlation of

0.29 with fibrinogen n, is replaced with n,, (1 - p*) in the power formula (table 10.8).

Table 10.8 Power (%) for odds ratios of 1.5 and 2.0 from tables of Hsieh (1989)

Number of cases
1
s 100 150 200 300
Fibrinogen 48 65 78 92
OR =13 mihinogenl nge; 44 61 74 89
sex,smoking
Fibrinogen 84 96 99 »
OR =20
Fibrinogen | age, 80 94 98 *
sex,smoking

155



Table 10.8 shows that the power is only reduced by about 4% after adjustment for
age, sex, and smoking suggesting that the multiple correlation coefficient needs to be
relatively large to give a substantial reduction in power. As before, with many
covariates the calculations would be repeated for likely values of the population
multiple correlation coefficient between the x;,....x; .

Whittemore (1981) showed that inclusion of covariates which are correlated
with x; but independent of the event (i.e. 6, = 6, =...=0, = 0) leads to a loss of power
when testing for association of x, with the event. This suggests that adjustment should
only be made for true covariates, that is, factors which are related both to the
outcomes and the risk factor being considered.

An adjustment of the overall p-value for multiple significance testing may be
needed when several covariates are of interest. Having looked at the power for various
postulated population statistics for continuous and binary outcomes and with specific
examples from the Edinburgh Artery Study the next section considers the problem of

estimating sample size for a given power at the design stage of a study.
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10.4 Sample size - Continuous outcomes

10.4.1 Pearson Correlation Coefficient

As outlined earlier when considering power for continuous outcomes the test

statistic for the population Pearson correlation coefficient p is

=y Y (R=2)_
Yy (1-17%)

which follows a t-distribution with n-2 degrees of freedom. Assuming n is large and

T ~ N (0,1) we can estimate sample size by

_ 1-r#
n=(z;_q/2*2;-p) 2%

Table 10.9 shows the sample sizes required for various values of p with power from

80%-95%.

Table 10.9 Sample size estimation for Pearson Correlation Coefficient (p)

for o= 0.05 and power = 80%, 90% and 95%

p 95% 90% 80%
0.05 5171 4188 3128
0.075 2298 1856 1396
0.10 1283 1039 776
0.15 563 456 341
0.20 311 252 188
0.25 194 157 118
0.30 131 106 79
0.35 93 75 56
0.40 68 39 41
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Clearly, in cross-sectional studies where the association with a quantitative outcome
is weak, such as r = 0.05, for example, large numbers would be required, in fact 3128
to give 80% power.

10.4.2 Multiple Linear Regression

As shown when considering power, if a covariate is correlated with the
outcome and the risk factor of interest the partial correlation will generally be lower
than the Pearson Correlation Coefficient and so the sample size needed to detect
significant correlation when adjusting for covariates would be higher. With more
covariates the need for a larger sample is increased depending on the precise nature
of the relationship between the variables in terms of their correlations.

| Gatsonis and Sampson (1989) present a method for assessing sample size in
multiple linear regression with tables for p independent variables, dependent variable
y and multiple correlation coefficient pyy. From tables (Gatsonis and Sampson, 1989)
with p = 20 and various values of R the sample sizes calculated are given in table
10.10

Table 10.10 Sample size estimates from Gatsonis and Sampson (1989) with p = 20

Multiple Power

Correlation

coefficient 95% 90% 80%

Pyx

0.15 1356 1156 1020
0.20 759 648 522
0.25 482 412 334
0.30 333 285 231
0.40 183 156 130

The number of variables is important and p = 20 would not be exceptional in an
observational study. This method appears limited in that the H, : pyx = 0 is generally
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not of great interest. The more usual case is of testing one variable while adjusting for
a number of covariates. In order to address this question Gatsonis and Sampson(1989)
partition X into two sets X, and X, where X is the set of variables of interest and X,
is the set of covariates. By replacing pyx by pPyxixe in the tables (Gatsonis and
Sampson 1989) and p, = number of variables of interest, the appropriate sample size

can be assessed (table 11),

Table 10.11 Sample size with one variable of interest (p; = 1) adjusting for

20 covariates (p - p, = 20), a= 0.05

Power
- Py 95% 90% 80%
0.10 1313 1066 802
0.15 691 482 366
0.20 339 278 213

In practice partial multiple correlatons < 0.10 will often be encountered but
unfortunately Gatsonis and Sampson (1989) do not give tables for this situation. In
addition, more than one test would be carried out and so the type I error would be
adjusted to a lower value o/n where n is the expected number of tests to be carried
out.

Cohen (1988) gives sample size tables in terms of the noncentrality parameter
A which is a function of the squared partial multiple correlation coefficient. The
parameters A and v are functions of n , which is to be determined, and so the

assessment involves some iteration using an initial value of v.
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The sample size is given by

e
N=A (L-Zyx11x2) W

2
I YXixa

where w is the number of covariates and ryy;x, iS the sample partial multiple
correlation coefficient.
Table 10.12 Sample size for various pPyx,x, adjusting for w = 20 covariates

with u = 1 variable of interest, with significance level o.

o Power
Prxine 95% 90% 80%

005 | 20807 16809 12492
0.025

001 | 28482 23845 18728

0.05 5207 4209 3132
L 7122 5965 4688

0.05 2308 1868 1393
S T 3153 2642 2079

0.05 1307 1059 792
020 S S0 1782 1495 1178

0.05 579 471 355
0.15

0.01 785 660 523

0.05 332 272 207
020 1 oo1 447 378 301

The results in table 10.12 are similar to those of Gatsonis and Sampson (1989) in table
11. Cohen’s method (1988) shows how the sample size increases dramatically with
Pyxixe < 0.1 and such values are not unusual as shown by the Edinburgh Artery
Study. Of course many such t-tests of the regression coefficients would be undertaken

and one way of dealing with this is to reduce the o to 0.01, if say 5 such tests were
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carried out. Thus, the sample sizes given for o= 0.01 are probably more relevant to
the actual analysis carried out and table 12 shows that the sample size increases

considerably in this case.

10.4.3 Generalised Linear Models
Rearranging the formula for power for the method of Wilson and Gordon
(1986) sample size is estimated by

2
N= (21-4/280%Z1-p81)

(B -B:*)

Assuming the population regression coefficient and variance are similar to that for
vitamin C in the example used earlier the sample sizes required to give 80%, 90%,
and 95% power are 3018, 4041, and 4988 respectively. The power to detect Vitamin
C on adding it to a model with four covariates was about 53% with a sample size of
1592. Clearly, the sample size of 1592 for the Edinburgh Artery Study gives
inaciequate power to detect such effect sizes as that of vitamin C, adjusting for four
covariates.

The main drawback is in specifying 3, and the Vy, (B) , which is possible once
a study or pilot study is completed, but difficult at the design stage with little prior
information. The advantage of this method lies in the generalisability of linear models

for different outcomes, through the use of the link function.
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10.5 Sample size- Binary Outcome

10.5.1 k 2x2 independent tables

In case-control studies and hence binary outcomes with k strata the method of
Gail (1973) can be used to assess sample size. Rearranging the power equation given

earlier the number of cases can be estimated by

- (zl—-c_/z +zl-ﬂ) :
Zf,gy

where f; is the proportion of subjects in the j th stratum and

(1ln OR)?
(17 (Dod (1-Dg3)) +1/ (0y7 (1-D,3)))

gy=

where OR is the odds ratio assumed constant over the k strata. The values of py; , the
exposure rates in the controls needs to be specified for each stratum. Assuming the py
reflect likely population values the exposure rates to smoking (ever vs never) from the
Edinburgh case-control study from 8 strata have been used to give sample sizes for
odds ratios of 1.5 and 2.0 in table 10.13. The total sample size required is 2 x n

assuming an equal number of controls.
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Table 10.13 Comparison of estimated sample size unadjusted and adjusted for

two covariates

Power
Stmdy design 95%  90%  80%
8 strata 750 624 470
OR =151 Unadjusted 647 522 388
' 8 strata 278 225 170
OR=201 Unadjusted | 226 183 136

The increase in sample size is approximately 100 cases and 100 controls when
adjusting for these two covariates to detect an odds ratio of 1.5. The increase when
adjusting for covariates is less when trying to detect odds ratios of 2 or greater. These
calculations were based on values from the Edinburgh case-control study and the

calculations would be repeated for different values of py; and j.

10.5.2 Logistic Regression

Hsieh (1989) presents easy to use tables derived from Whittemore (1981) and
gives an extension where the regression coefficients for the logistic regression do not

have to be given. The estimate of sample size is given by

e (-6'2/4)]2 (1+2p8)
(pB*?)

m =02, _g/, *Z,.p

where p is the probability of the event at the mean values of all covariates and 8" =
In r (ris the odds ratio of disease corresponding to an increase in x of 1 s.d. from the

mean, given the values of the remaining covariates).
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Hsieh (1989) provides an upper bound for sample size

r11
n =
T (1-p3)

where p is the multiple correlation coefficient of x,, with x,, ...x,.
The tables (Hsieh 1989) are easy to use and suitable for high or low event

probabilities and for any type of study with a binary outcome.

Table 10.14 Estimates of sample size for logistic regression (Hsich1989)

(0= 5% one-tailed)

Power Probability of event p
0.01 0.05 0.10 0.20
80% 18889 4086 2236 1311
OR=1.2
90% 26120 5651 3092 1813
95% 32967 7132 3903 2288
80% 3751 823 457 274
90% 5154 1131 628 376
OR=1.5
95% 6478 1421 789 473
80% 1237 285 166 106
OR=2.0| 90% 1674 385 224 144
95% 2084 480 279 179

To obtain sample size for multiple logistic regression, the number in table 10.14 is

divided by a factor of 1 - p? (table 10.15).
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Table 10.15 Estimates of sample size for logistic regression (Hsieh 1989)

with OR=1.5 and range of values of MCC of the covariates.

Power

P 80% 0%  95%

Probability of | 025 | 878 1206 1516
event p 050 | 1097 1508 1895
0.05 075 | 1881 2585 3248
Probability of | 0.25 | 487 670 842
LD 050 | 609 837 1052
0.10 075 | 1045 1435 1803

For- example, fibrinogen has a multiple correlation coefficient with age, sex, and
smoking of 0.29, so that if a model is fitted with these four variables, the sample size

in the tables should be increased by a factor of 1/(1 - p* ) = 1.092.
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10.6 Sample size and measurement error in dietary studies

As discussed in chapter 3 measurement error in assessment of dietary intake
can effect the estimates and precision of regression coefficients. An additional effect
is that measurement error leads to reduced power and the need for larger sample sizes.
This problem has been shown for cohort and case-control studies investigating diet-
cancer links (Prentice et al 1989, Freudenheim et al 1988, and Hebert et al 1988) and
suggested conventionally sized studies which show non-significant associations could
be explained in terms of loss of power. Freedman et al (1990) suggests a simple
model of measurement error could be incorporated into the calculation of sample size.
The model is :

Y =X +& where ¢ follows N (0, 6 )

and Y is the measured nutrient intake and X represents the true intake. If Y and X are
normally distributed then they have the same mean and the ’true’ standard deviation
can be expressed as

SDy = p SDy where p is the correlation coefficient between Y and X
Undcr this model the measured nutrient values have no bias but greater variance than
the true value. The result of this greater variance is a reduction in power. Freedman
et al (1990) then incorporate this model into the sample size calculations for a test of
linear trend in a cohort study (Breslow and Day, 1987). For a correlation coefficient
of 0.65 between observed and true percentage fat intake the sample size was inflated
by 6-8 times compared to no measurement error in assessing the relative risk for
colorectal cancer. This method requires a validation study to be incorporated into the
overall design and in terms of nutrient intake this implies a weighed intake study for

a subsample of the full study which uses a food frequency questionnaire (chapter 3).
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10.7 Discussion

This chapter has surveyed the main methods of estimating power and sample
size for epidemiological studies. The results have shown that reliance on simple
methods for two-group comparisons underestimate the sample size and overestimate
the power for the case of numerous confounders, a situation which is often
encountered in observational studies. At the design stage the methods outlined are fine
if some information on the correlation matrix of variables involved and some idea of
the likely effect size is known. In this case the methods lend themselves to a form of
sensitivity analysis where a likely range of correlations can be imputed into the
formulae to calculate power and sample size. An example of this was outlined in this
chapter on various partial multiple correlation coefficients. However, often in a new
study prior information is sparse and it is difficult to assess the likely correlation
structure. This is another area in which a pilot study can contribute to the design of
a study.
10.7.1 Continuous outcomes

If the outcome is continuous, there is a loss of power in transforming to a
binary outcome. The method of Wilson and Gordon (1989) is initially theoretically
attractive as GLM encompass most situations, including binary outcomes. However,
it is necessary that the covariates should be MVN. In reality, binary, ordinal and
nominal data are often encountered , so this restriction is difficult to meet. Cohen’s
method (1988) relies on the change in R? on adding covariates of whatever type to the
regression model and seems simpler to use in practice. Although Cohen’s tables
(1988) were based on approximations, they gave results similar to the more exact
methods and so seem adequate, especially since sample sizes are only approximate

guides in any case.
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10.7.2 Binary outcomes

For binary outcomes, the tables of Hsieh (1989) are easy to use and based on
logistic regression, which is a common form of analysis. This method allows sample
size estimates to be made for a range of multiple correlation coefficients of the
covariates and probabilities of the outcome.

10.7.3 Multiple testing

Most of the calculations assumed a single test at the 5% level whereas in
reality many tests are usually carried out. A simple way of allowing for this is to
calculate power or sample size at significance level of 0.05/k where k is the number
of tests. This gives an overall significance level of 0.05 for each test. This was
discussed for Cohen’s method (1988), and the results showed a large increase in
sample size when allowing for multiple testing in this way. Even in studies which
explain their sample size calculations, these are usually based on one two-group
comparison at the 5% significance level, and then numerous tests are carried out in
the analysis (Sulaiman et al 1988).

Measurement error, especially in dietary intake studies can also reduce the
power of tests and so allowance for this can be made by incorporating a simple error
model in the sample size calculations.

10.7.4 Software

EPIINFO was designed to analyse proportions and it gives sample size and
power estimates for the estimation of a single proportion and for comparing two
proportions based on simple formulae, for example from Fleiss (1981). The programs
do not take confounding into account in the calculations or multiple testing nor for
studies involving continuous outcomes. Clearly there is scope for the development of

such power and sample size estimation packages.
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More recently, the software EGRET SIZ was launched based on the method
of Self et al (1992). This covers conditional and unconditional logistic regression
models, Poisson regression and Cox proportional hazard models. The method of Self
et al (1992) uses GLM and is based on an approximation to the distribution of the
likelihood ratio statistic. The program allows various plots and simulations to be
carried out and gives estimates of power and sample size allowing for up to 10
variables per regression with 1 exposure variable and up to 9 confounder and matching
variables. Although all the variables have to be categorical, and these are specialised
models, this software does provide a useful addition to sample size/power estimation

in planning epidemiological studies.
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CHAPTER 11
DISCUSSION
11.1 Introduction
This chapter will summarise the analysis of individual groups of risk factors
considered in the previous chapters, followed by an assessment of all risk factors
together as described under the groupings of lifestyle factors and lipid/rheological risk
factors in chapter 9. Then, the implications for prevention and treatment of peripheral
arterial disease are discussed, based on the foregoing analysis of the Edinburgh Artery
Study and evidence from other studies. Finally, recommendations for future research

are presented.

11.2 Analysis of individual risk factors

11.2.1 Diet

Fibre

Despite the methodological drawbacks of Food Frequency Questionnaire
derived nutrient intake, significant associations were found with the ABPI. Higher
energy adjusted cereal fibre was significantly associated with higher levels of the
ABPI in men only. In general men have a lower proportion of fibre in their diet
compared to women (Gregory et al 1990), and so could benefit most from an increase
in their dietary intake. This result was also consistent with a Greek hospital based
case-control study which showed a significant association of low crude fibre with

peripheral arterial disease (Katsouyanni et al 1991).
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Alcohol

The positive association of alcohol with the ABPI in men reflects previous
results where moderate alcohol consumption was associated with a decrease in the risk
of coronary heart disease and ischaemic stroke in women (Stampfer et al 1988) and
reduced cardiovascular mortality in middle-aged men (Marmot et al 1981), which has
led to the widely held belief that moderate intake of alcohol may be protective for
atherosclerosis. Such results have led to the consideration of a U-shaped curve for
mortality from coronary heart disease and alcohol intake (Shaper et al 1988).
However, in the British Regional Heart Study of men aged 40-59, Shaper et al (1988)
concluded that the U-shaped relationship could be explained by other factors such as
social class, and the movement of ex-drinkers with pre-existing disease into the non-
drinking category. Later studies have addressed these methodological problems, such
as in a study of New Zealand men and women, which showed that both moderate
drinkers and ex-drinkers had lower risk of non-fatal myocardial infarction compared
to total abstainers (Jackson et al 1991).

The Edinburgh results suggest a linear relationship with morbidity in men
rather than a U-shaped relationship, indicating that the higher the alcohol intake the
greater the benefit in terms of the ABPL. This seems unlikely, given that high
alcohol intake is associated with increased risk of high blood pressure ( Klatsky et al
1977), along with the attendant health and social problems (Smith 1981). On adjusting
for social class and cigarette smoking in the Edinburgh Artery Study this linear
association was considerably reduced (Jepson et al in press). The higher alcohol
intake in social classes I and II was mostly due to wine rather than beer, and it has
been suggested that wine may be beneficial for coronary heart disease in France

despite high intake of saturated fat (Renaud and de Longeril 1992). In the Edinburgh
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Artery Study the wine effect could be explained by the higher alcohol intake in the
social classes I and II who tended also to have healthier diets, and smoke less than
lower social classes. There is thus little evidence from the Edinburgh Artery Study
data of a U-shaped relationship between alcohol and the ABPI and the linear
relationship that was found could be explained by cigarette smoking and social class,
so there was little evidence of any protective effect of alcohol (Jepson et al in press).
This was also the conclusion reached by Shaper et al (1988) in their assessment of the
U-shaped relationship with cardiovascular mortality. Even if alcohol were protective,
this would have to be balanced against the fact that increasing alcohol intake would
increase the mean level of intake in the population (Rose and Day 1990) and hence
increase the prevalence of problem drinkers. Further analysis considering mortality in
the follow-up of the Edinburgh population is planned and it will be interesting to
assess the possible relationship of mortality and cardiovascular events to alcohol intake

measured at the cross-sectional stage.

Vitamins

The associations of vitamins with the ABPI were consistent with previous
studies concerned with atherosclerosis. Smoking reduces plasma vitamin levels of -
carotene, vitamin C and a-tocopherol (Stryker 1988, Shectman 1989), so it would be
expected that smokers would benefit most from vitamin supplementation, if unwilling
or unable to give up smoking. Unfortunately in a Bristol survey it was shown that
supplements were more likely to be taken by already healthier individuals, that is,
women and social classes I and II (Gregory et al 1990). The association with o-
tocopherol, although weak, is consistent with studies showing a link between low

vitamin E and mortality from coronary heart disease (Gey and Puska 1989) and
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increased risk of angina pectoris (Riemersma et al 1991). Indeed vitamin E has been
used as a treatment for intermittent claudication (Livingstone 1958, Haegar et al 1974,
Williams et al 1971, Pinsky 1980) and angina (Gillilan et al 1977). This link is clearly
worth investigating, especially as vitamin E intake is lower in lower social classes,

who also have higher cigarette consumption and lower mean ABPI values.

11.2.2 Leisure Activity

Men

The greatest benefit of taking part in leisure time activity when aged 35-45
on present disease status (time of the survey) occurred in males, and especially in
males who had ever smoked. This does not indicate that exercise was of no benefit
to those males who never smoked, but that the relative benefit was greater in those
who had ever smoked. This is consistent with other findings, which suggest positive
associations between high risk of coronary heart disease and lack of leisure time
activity (Kannel et al 1979a, Paffenbarger et al 1978, Morris et al 1973, Morris et al
1980).

The proportions indulging in moderate/strenuous exercise were significantly
higher in higher social classes in both males and females. This was consistent with a
study of Swedish women which showed lower cardiovascular disease and total
mortality in higher socioeconomic groups who indulged in more physical activity
(Lapidus and Bengtsson 1986). Taking part in leisure activity when aged 35-45 years
was also positively related to hostile acts in males and vitamin C intake, but remained

significant after adjustment for these factors in the multiple regression analysis.
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Mechanism

The effects of exercise are well known on blood rheology and include
reduction of blood and plasma viscosity (Charm et al 1979, Ernst 1985). In one study,
exercise was shown to increase pain-free walking distances in intermittent claudication
patients (Edzard et al 1987) and this was achieved by increased ’fluidity’ of blood.
Hence part of the benefit from regular exercise in the general population may be
related to increased blood fluidity indicated by lower blood viscosity. Other known
effects of physical activity are reductions of nonHDL cholesterol and increased HDL
cholesterol (Haskell 1984).

As leisure activity tends to reduce blood viscosity (Ernst 1985) so it would be
expected that when rheological factors were added, leisure activity would no longer
have a significant independent effect on the ABPI. However, in males who ever
smoked there was still some indication of a positive association for strenuous/moderate
activity at the 10% level, allowing for other lifestyle and rheological factors. So it
appeared that blood viscosity was not the sole mechanism by which leisure activity

could have had a beneficial effect on the ABPI.

Women

Although taking part in leisure activity was associated with social class in
women, it was not significantly related to the ABPI. This may in part be due to the
low number of women aged 35-45 years who took part in strenuous activity, or the
questionnaire design is biased towards activities which men are more likely to indulge
in. It was notable that activities such as childminding, gardening and general
housework were not covered by leisure activity categories or occupational categories;

and these would tend to involve many women aged 35-45 over long periods of time.
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Certainly, the questionnaire seems more likely to pick up activities involving organised
sport rather than physical activity in general. There could also be a sex difference in
the recall of leisure activity, although Blair et al (1991) found no evidence for such

a bias.

Occupational Activity

The lack of an association between occupational activity and atherosclerosis
was surprising, given that coronary heart disease has been shown to be related to
occupational activity (Morris et al 1953). However, the sample surveyed in the
Edinburgh Artery Study did not include a large proportion of manual classes, so the
occupational activity classification may have been less relevant. Also the classification

of occupational activity was relatively crude (Appendix 1).

11.2.3 Personality

The results on personality showed a weak significant relationship between
hostile acts adjusting for age and cigarette smoking and the odds of having
intermittent claudication in males but not in females. This is consistent with results
suggesting impatience and the expression of hostility are linked to atherosclerosis
(Evans 1990, Sykes et al 1992).

The weak association between hostile acts in men and the ABPI became non-
significant on adjusting for lifestyle factors such as diet and leisure activity when
aged 35-45. Overt hostile acts in males were also highly correlated with cigarette
smoking (r = 0.14 ) and triglyceride levels (r = 0.13 ) (Fowkes et al 1992c). The
mechanism of how hostility might operate via triglyceride levels may be similar to the

hypothesis that lower serum cholesterol lowers brain serotonin which in turn reduces
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the suppression of aggressive behaviour (Engelberg 1992, Zuckerman 1991).

The Edinburgh results suggest that hostility should be assessed rather than the
type A construct which may not be as relevant to British or European populations as
the U.S population or if a type A inventory is used it should incorporate items on
hostility. A recent comparison of three European countries did show a relationship
between mortality from ischaemic heart disease and the personality dimensions of
hard-driving and impatience (Sykes et al 1992). The Edinburgh results also suggested
that hostility was related to other risk factors and may not be an independent risk
factor for peripheral arterial disease. A synergism between smoking and hostility has
also been suggested by other studies (Epstein and Perkins 1988, Grossarth-Maticek et
al 1988) and there was a significant interaction (chapter 9), although this was not
independent of the leisure activity by smoking interaction.

The Edinburgh type A inventory (Bortner 1969) did not show strong
associations with peripheral arterial disease possibly because it did not contain items
on hostility, and also it may not have been relevant to a largely retired population,
who presumably show less competitiveness and time pressure than younger
populations. It was also self-completed rather than derived from a structured interview
and hence may have been influenced by symptoms of disease. The latter explanation,
a problem of the cross-sectional methodology was suggested as a possible reason for
the association between type A behaviour and prevalent heart disease in the Caerphilly
study (Gallacher et al 1988). The Bedford-Foulds Inventory (Bedford and Foulds
1978) which assessed hostility, domineering attitude and overdependency made some
attempt to overcome this drawback by careful phrasing of the initial statement in the
questionnaire; respondents were asked how they would behave over ’most of your
life’.
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11.2.4 Rheological Factors

Fibrinogen and blood viscosity

In men blood viscosity and its components, especially fibrinogen were
important risk factors for peripheral arterial disease in the Edinburgh Artery Study.
Plasma fibrinogen is a well known risk factor for peripheral atherosclerosis (Fowkes
et al 1991) and high levels of fibrinogen have been shown to be strongly related to
smoking (Lee et al 1990). As fibrinogen is a component of blood viscosity it was
perhaps surprising that each had strong and independent associations with the ABPI
in men. There was a synergistic effect of smoking on the relationship between
fibrinogen and the ABPIL. The effect of smoking could be via damage to the
endothelial cells of arteries, which then allows fibrinogen to infiltrate the arterial wall.
This, in turn, promotes platelet aggregation a process which is consistent with raised
levels of von Willebrand factor and cross-linked fibrin degradation products which
are found in cases of peripheral arterial disease (Smith et al 1993).

In women, there were also strong associations of blood viscosity and fibrinogen
with the ABPI, but these could be explained by smoking in terms of the packyears.
This evidence suggests that raised fibrinogen and blood viscosity levels in women
with peripheral arterial disease may be largely due to heavy cigarette smoking, and
thus cigarette smoking was the main independent risk factor for peripheral arterial

disease in women.

Arterial Blood Pressure and rheological factors
The relationship of arterial pressure to peripheral arterial disease was assessed

in an indirect way, since it is a component of the ABPI, by relating rheological factors
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to both systolic and diastolic blood pressure (chapter 7). Fibrinogen was not
independently related to systolic or diastolic arterial pressure and this was consistent
with other studies in the general population (Karsen-Bengtsen et al 1972). Blood
viscosity was significantly associated with systolic blood pressure in males, so that
blood pressure can be indirectly related to peripheral arterial disease via blood
viscosity in men. In women, systolic pressure was related to uric acid, but uric acid
was not significantly related to peripheral arterial disease. This was another difference
in the role of risk factors for peripheral arterial disease between men and women.
Even though an association was found between blood viscosity and systolic
pressure and by implication to disease, it was not possible to assess whether the
relationship was causal. A longitudinal study would be necessary to distinguish
whether high systolic pressure was a risk factor for or a result of peripheral arterial
disease. The 26-year follow-up of the Framingham study (Kannel and McGee 1985b)
suggested an increased risk of intermittent claudication for systolic pressures = 180
mmHg, so there is some evidence that systolic pressure is a risk factor for

atherosclerosis.

Fibrinogen Haplotype

Fibrinogen haplotype was not found to be significantly associated with plasma
fibrinogen level in the case-control study (chapter 8). Perhaps surprisingly fibrinogen
haplotype was related to peripheral arterial disease independently of fibrinogen and
smoking. Thus genetic factors are clearly worth investigating further, but it was not

possible to extend the analysis to the whole cross-sectional data at present.
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11.2.5 Diabetes

It is well known that diabetes is related to microvascular disease in the lower
limbs, although it is not clear whether it is a risk factor for peripheral arterial disease
or whether arterial disease promotes diabetes (Strandness et al 1964).

Although the test for a sex by diabetes (known vs non-diabetic) interaction was
not significant, when the analysis was split by males and females, having known
diabetes was significantly associated with a low ABPI in males only. This suggested
that diabetes increases the risk of disease, only in men. This was the opposite result
to that found for coronary heart disease in women in the Framingham Study (Kannel
et al 1985a). On the other hand, the incidence of intermittent claudication was higher
for diabetics compared to non-diabetics in the Framingham study (Kannel and McGee
1979b) and in Finland (Uusitupa et al 1990) and these were consistent with the

Edinburgh results.

11.2.6 Cholesterol

Dietary cholesterol was not significantly related to the ABPI in the total
population, which may in part be due to the underestimation of nutrients from food
frequency questionnaire data. Also dietary cholesterol was not correlated with serum
total cholesterol (r = - 0.01). However, saturated fat intake was correlated with serum
total cholesterol (r = 0.13) and nonHDL cholesterol (r = 0.11). The only link found
between dietary cholesterol and serum nonHDL cholesterol was in male non-smokers.
On removing nonHDL cholesterol from the regression model dietary cholesterol
approached significance (p = 0.07) for this group. Thus, there was a suggestion that

in male non-smokers the most important risk factor was nonHDL cholesterol which
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was influenced by dietary cholesterol intake or dietary saturated fat intake (Figure
11.1). However, caution should be exercised as this came from a subgroup analysis

with relatively weak associations.

Dietary
Cho lesterol

=03
Saturated
o C=00> 3

NonHDL

\
Cholesterol

Figure 11.1 Relationships between Dietary Cholesterol, Saturated fat, and the ABPI

in male non-smokers
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Lowering total cholesterol has been shown to reduce risk of coronary heart
disease (Kannel et al 1971, MRFIT 1982, Frick et al 1987). Reductions of serum
cholesterol have also shown reductions in total mortality in epidemiological studies
(Anderson et al 1987), although some studies suggest an increase in mortality &orﬁ
other causes (Muldoon et al 1990). The Oslo clinical trial study showed significant
reduction in mortality (Hjermann et al 1986) due to dietary lipid lowering. However,
a reduction in total mortality may not be the best indicator of the value of lowering
serum cholesterol; quality of life could be improved by a reduction of suffering for
large numbers of people with CHD, whether they live longer or not (LaRosa et al
1990). Dietary reduction of cholesterol has also been shown to reduce the risk of
coronary heart disease and total mortality, after 15 years of follow-up of the Seven
Countries Study (Keys et al 1986) and after 19 years of follow-up in the Western
Electric Study (Shekelle et al 1981). Despite these results there have also been
conflicting results and Oliver (1991) suggests that population lipid-lowering is still
controversial.

MacRury et al (1992) showed an inverse relationship between serum
cholesterol and leucocyte vitamin C. Low levels of anti-oxidants such as vitamin C
may lead to oxidative modification of LDL cholesterol by free radicals which in turn
increases the likelihood of atheromatous lesions (Steinberg et al 1989). NonHDL
cholesterol was significantly negatively associated with the ABPI in the whole
population, especially in male non-smokers where it was the strongest risk factor. This
is consistent with the results of a meta-analysis of lipid lowering trials showing that
LDL cholesterol rather than total cholesterol was the major risk factor for coronary
hcaﬁ disease (Yusuf et al 1988).

The finding that nonHDL cholesterol was associated with the ABPI in women
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as well as men, although weakly, is consistent with studies on coronary heart disease.
The Edinburgh Artery Study consisted of women aged 55-74, so most would be
postmenopausal (approximately 95%). After the menopause oestrogen levels would be
reduced and this leads to an increase in nonHDL cholesterol levels. In the Edinburgh
Artery Study the mean nonHDL cholesterol level was higher in women (mean = 5.82
mmol/l se = 0.05) compared to men (mean = 5.38 mmol/l se = 0.04). However,
men develop atherosclerotic disease earlier in their 50s and 60s compared to women
(Lerner and Kannel 1986) and so it is perhaps not surprising that there was still
greater risk in men because of their lifetime exposure to risk factors. There were large
differences in risk factors between males and females for peripheral arterial disease
in this population, apart from nonHDL cholesterol and smoking. Indeed, cigarette
smoking in terms of packyears was the strongest risk factor for women.

HDL cholesterol was only positively significantly related to the ABPI in male

smokers but not independently of nonHDL cholesterol in other groups.

11.2.7 Social Class

In chapter 9, when social class was considered as a risk factor for peripheral
arterial disease, it was significantly related to the ABPI only in males. This was
perhaps not surprising as it has been shown that social class as determined by a
woman’s occupation was not a good indicator of disease or mortality (McDowall
1983). Among the alternatives to social class, social deprivation (Carstairs and Morris
1991) is a related measure based on the area of residence rather than occupation and
may be a more appropriate measure for women. However, deprivation was highly
correlated with social class ( Males r = 0.46, Females r = 0.35) and the associations

with the ABPI were similar for males and females for both measures. Social class has
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also been shown to be a strong indicator of disease in studies of coronary heart
disease (Rose and Marmot 1981, Pocock et al 1987) and so this thesis has
concentrated on social class as a measure of socio-economic status. Of course,
individuals can change social class over their lifetimes, but this was less of a problem
in the Edinburgh Artery Study, since social class was defined by the longest held
occupation (chapter 2).

There were significant linear trends of low levels of dietary factors such as
vitamins E and C, B-carotene and cereal fibre with lower social classes in males and
females. The lower social classes also indulged less in strenuous or moderate leisure
activity when aged 35-45 compared to higher social classes. Lower social classes were
also on average shorter which may be an indication of poorer nutrition at an earlier
age. Walker et al (1989) in the British Regional Heart Study found that the risk of
heart attack was significantly greater for shorter men compared to taller men, and this
became less significant on adjusting for social class, among other confounders. The
cumulative lifetime cigarette smoking in terms of packyears was significantly greater
in lower social classes, especially for men, while alcohol intake was greater in higher
social classes. This is consistent with a study of ischaemic heart disease where Pocock
et al (1987) found that the high risk of ischaemic heart disease events in manual
workers during 6 years of follow-up was due to cigarette smoking, higher blood

pressure, greater obesity and less physical activity in leisure time.
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11.3 Analysis of All Risk Factors

From the analyses of individual groups of risk factors, it was clear that there
were a number of significant smoking and sex interactions. Consequently, when
considering all factors it was appropriate to consider males and females separately, and

never smokers and ever smokers separately in males.

11.3.1 Females

Cigarette smoking and age were the most important risk factors for women
(figure 11.2). Although a raised fibrinogen level was significantly associated with the
ABPI, this could be explained by cigarette smoking. On adding BMI which was
surprisingly positively related to the ABPI, nonHDL was inversely related to disease.
No lifestyle or rheological factors were independently related to peripheral arterial

disease.
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Figure 11.2 Risk factors for women in the Edinburgh Artery Study

11.3.2 Males who never smoked

The strongest independent risk factor was nonHDL cholesterol in those who
never smoked. Known diabetes was the only other independent risk factor in this
group.
11.3.3 Males who had ever smoked

Cigarette smoking was of course an important risk factor in this group.
Synergistic effects of smoking with fibrinogen and blood viscosity were found and
these rheological factors also had significant associations with the ABPI,
independently of smoking. Thus smoking was not the only factor involved in raised
levels of fibrinogen and blood viscosity.

Leisure activity was related to blood viscosity and after adjustment for this,
moderate and strenuous activity when aged 35-45 years relative to none was only just

significant at the 10% level.
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NonHDL cholesterol and HDL cholesterol had significant independent
associations with the ABPI in opposite directions. Known diabetes was a significant
risk factor in those who had ever smoked as well as for non-smokers.

The multiple regression analysis of lifestyle and personality risk factors on the
ABPI showed that the relative benefit of moderate or strenuous leisure activity aged
35-45 years was greatest for men who had ever smoked. As leisure activity, cigarette
smoking and height were strongly related to social class in males, when these were
entered into the regression model, social class became non-significant. Also on adding
the rheological factors as well as the lifestyle risk factors, social class was not
significantly associated with the ABPI. However, social class was not a true
confounder in the sense of being only related to the outcome (ABPI) and the variables
of interest, because social class could be considered as the first component in a causal
chain linked to the lifestyle factors and the rheological factors through to peripheral
arterial disease (figure 11.3). Hence social class remains an important risk factor for
peripheral arterial disease while taking part in leisure activity aged 35-45 years, height,
and cigarette smoking are behavioural and nutritional markers associated with social

class.
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Figure 11.3 Relationships between risk factors for Peripheral Arterial Disease in males

who had ever and who had never smoked
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Mechanism

It was clear that smoking was the major risk factor for peripheral arterial
disease and there was some indication that this was the main difference between risk
factors for peripheral arterial disease compared to ischaemic heart disease (Fowkes et
al 1992a). In non-smokers, nonHDL cholesterol was the strongest risk factor.

The mechanism by which smoking increases peripheral arterial disease is
complex. Evidence suggests this may be via damage to the arterial wall (Smith et al
1993) indicated by increased levels of von Willebrand factor and cross-linked fibrin
degradation products. Smoking also increased fibrinogen level and hence blood
viscosity and these were higher in subjects with peripheral arterial disease. In women
smoking ’explained’ the higher levels of fibrinogen and blood viscosity while in men,
although this was also true to some extent, there remained a significant residual
relationship with disease independently of smoking. Smoking acts in other more direct
ways which may increase the risk of arterial disease. Smoking depletes vitamin C and
E levels (Stryker 1988, Shectman 1989), both of which are antioxidants reducing
oxidation of nonHDL cholesterol involved in the growth of atheromatous lesions (Gey
et al 1989, Riemersma et al 1991). Oxidised NonHDL cholesterol has been recognised
as present in human atherosclerotic plaques (Steinberg et al 1989). These processes

are summarised in figure 11.4.
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Figure 11.4 Possible mechanism of relationships between Cigarette smoking, Vitamin

levels, Arterial wall damage, nonHDL cholesterol and Peripheral Arterial Disease
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11.4 Recommendations

11.4.1 Questionnaire design

The questionnaires for diet, physical activity and personality were not validated
for the Edinburgh Artery Study itself. Rather reliance was placed on validation by the
authors of these questionnaires, or on validity studies of similar questionnaires.

In studies of dietary risk factors a subsample assessed by weighed intake as
well as food frequency questionnaire is recommended, which allows measurement
error to be taken into account in the analysis (Rosner et al 1990, Rosner et al 1992).
The Edinburgh Artery Study used a Food Frequency Questionnaire (FFQ) with
decreasing frequencies of consumption of food items and with some items, portion
size was added. In a Swedish study of women attending mammography screening
different types of FFQ were compared and it was found that the reported mean
frequencies of consumption of fat, milk fat and vegetables, which are all important in
relation to atherosclerosis, were significantly reduced if portion sizes were added to
the questionnaire (Kuskowska-Wolk et al 1992). In addition, decreasing categories of
response were associated with increased responses for bread and vegetables. Thus the
design of FFQs will affect the results of dietary studies.

The physical activity questionnaire was assessed in the Welsh Heart Health
Study (1985b) against physiological measures such as forced expiratory volume. The
Edinburgh Artery Study used a similar but modified version of the questionnaire and
so a further validation study might have been appropriate.

In studies of atherosclerosis and personality one of the main problems has been
the number of different instruments used to measure Type A behaviour pattern, which

may partly explain the inconsistent results. It would be worth targeting hostility rather
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than general personality traits, as there appears to be a consensus that impatience and
hard-driving, aspects of hostility, are the core elements of the Type A behaviour which
are linked to coronary heart disease (Evans 1990, Sykes et al 1992). It would also be
worth considering structured interviews rather than self-completed questionnaires, the
former having the advantage that note can be taken of the tone and speech behaviour
of the interviewee as well as the content of the replies. Rosenman et al (1975) used
this instrument in the follow-up of the Western Electric Study and it is considered the

gold standard for measures of Type A behaviour.

11.4.2 Sample Size and Power

At the design stage sample size calculations are often based on two-sample
comparisons which may be appropriate for clinical trials, but are probably not realistic
in an observational study. For example, multiple testing will be carried out in a cross-
sectional study and therefore it would be better to calculate sample size based on a
more realistic type I error of 0.1% say, rather than 5%. Calculations should also take
into account adjustment for numerous confounders in observational studies. The
methods of Cohen (1988), Hsieh (1989), Wilson and Gordon (1986) and Self et al
(1992), could be used depending on whether the outcome was binary or continuous.

There were many differences in the relationships between risk factors and
peripheral arterial disease for males and females and this has been noted for coronary
heart disease (Lerner and Kannel 1986). Hence sub-group analyses are likely in
observational studies and the power is reduced to detect associations with disease and

sample size should be increased to compensate for this.
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11.4.3 Within-person measurement error

Measurement error in clinical factors such as serum cholesterol and serum
glucose have been shown to greatly attenuate the estimates of regression coefficients
(Rosner et al 1992) leading to underestimation of their importance in relation to
disease. Other factors such as BMI, age and smoking were relatively more accurate
and therefore less of a problem (Rosner et al 1992). The solution would be to
incorporate reproducibility substudies within the design of a study for factors which
are known to vary in time, such as dietary factors, serum cholesterol and fibrinogen,
and adjust the regression coefficients according to the degree of within-person

variability.

11.5 Future Research

11.5.1 Implications for prevention

The advice to ’stop smoking and keep walking’ was offered to cases of
intermittent claudication (Housley 1988). The analysis of risk factors in the Edinburgh
Artery Study suggest that this advice should also be applied to the general population
where asymptomatic and symptomatic peripheral arterial disease was prevalent (26%).
To this advice could be added that one should also try to change social class or more
practically adopt behaviours associated with higher social class. These are reduce
cigarette smoking, reduce dietary saturated fat intake, increase vitamin intake, that is,

as fruit and vegetables or as supplements, and increase participation in leisure activity.
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Smoking

The Edinburgh Artery Study results and studies on ischaemic heart disease
(Pocock et al 1987) have implications for health education programs, in that
campaigns to reduce smoking should perhaps be targeted at manual social classes.
Although mortality from all causes and coronary heart disease and presumably
peripheral arterial disease have declined in time, the relative improvement has been
greater in non-manual social classes, and the proportionate decline in smoking has
been greater in non-manual classes (Marmot and McDowall 1986). It would appear
that these messages have already got through to higher social classes, or at least they
are in a more favourable position to act upon the message.

Since smoking appears to be the main risk factor for women and is especially
prevalent in lower social classes, this is clearly a group which could be targeted. In
the 1982 General Household Survey it was found that only 12% of women with
university degrees were smokers compared to 42% of those with no educational
qualifications (OPCS, 1990). It is known that lower social class lone mothers are well
aware of the health risks, but see their habit as a luxury and relief from stress
(Graham 1987). Hence the smoking cessation message needs to be appropriate to the

social class and gender of the recipients.

Saturated fat intake

On the other hand, in terms of Health Education programs, reduction of
nonHDL cholesterol in the whole population would be a worthwhile aim. This has
been reinforced by studies in China which suggested that even in distributions which

are shifted to lower levels than those found in the West there was still a dose-response
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relationship of coronary heart disease and plasma cholesterol (Chen et al 1991).There
was no social class gradient in the Edinburgh Artery Study for nonHDL cholesterol
unlike that found for smoking. Meta-analyses of lipid-lowering trials have suggested
an unexpected increase in deaths from accidents/suicide (Muldoon et al 1990), but
analysis of the Edinburgh Artery Study showed no significant relationship between
nonHDL cholesterol and hostility measured by the Bedford-Foulds (1978) scales but
did indicate a positive relationship between overt hostile acts and triglyceride levels
(Fowkes et al 1992c). It will be interesting to see whether high triglyceride or low
cholesterol are associated with deaths from accidents/suicide in the follow-up of the
Edinburgh Artery Study. Recent analysis of the Whitehall study (Davey Smith et al
1992) speculated that low cholesterol level was not the cause of the increased risk for
other diseases.

Thus large population programmes are indicated for some factors, such as
cholesterol, to lower the mean of the distribution of a risk factor but for other factors
such as smoking, targeting subgroups may be more appropriate. Attention needs to be
paid to ’the shape as well as the position of the distribution and how the distribution
varies among subgroups of the population’ (Marmot 1993).

Of course all of these prevention programmes apply equally to reducing risk
of coronary heart disease, although smoking appears to be a stronger risk factor for
peripheral arterial disease (Fowkes et al 1992a). Although symptomatic peripheral
arterial disease was relatively rare in the Edinburgh population, secondary prevention
could relieve suffering of millions with coronary heart disease and/or PAD throughout

the world (LaRosa et al 1990).
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11.5.2 Implications for Treatment

In terms of evaluation of interventions the gold standard is the randomised
controlled trial (RCT). This method could be applied to smoking cessation programs,
including counselling, and nicotine patches. Cholesterol lowering trials either by drug
treatment or dietary advice would be worth exploring, although it has been suggested
that cholesterol-lowering drugs should only be used for those at high risk (Davey
Smith et al 1993). Amongst the possible trials concerned with dietary change would
be vitamin supplementation or dietary advice to increase intake of vitamin C and E
containing foods, high fibre and low saturated fat. Finally, advice or programs to

increase leisure activity could be implemented and evaluated.

11.6 Summary

The results suggest that men and women should be considered separately and
possibly non-smokers/smokers in the analysis of risk factors for arterial disease. Cross-
sectional studies can demonstrate associations but there is a need for longitudinal
studies to show causative relationships. Although measures of lifetime risk such as
packyears for smoking alleviate this problem somewhat, these in turn are liable to
recall bias. Ideally intervention studies to alter risk factors are needed to demonstrate
causation.

Sample size calculations based on two group comparisons tend to give an
underestimate in epidemiological studies, where multiple confounders are likely and
multiple tests tend to be carried out. Methods which take confounding into account

would give more realistic estimates of sample size.

195



REFERENCES
Abrahamson J.H. (1988) Making sense of data. Oxford University Press, Oxford.

Alkjaersig N., Fletcher A.P. (1982) Catabolism and secretion of fibrinopeptide A.
Blood 60, 148.

Al-Zahrani H., Lowe G.D.O., Douglas J.T., Cuschieri R., Pollock J.G., Smith W.C.S.
(1992) Increased fibrin turnover in peripheral arterial disease: Comparison with a
population study. Clin Hemorheol 12, 867-872.

Anderson T.W. (1984) An introduction to multivariate statistical analysis. New York:
Wiley.

Anderson K.M.,, Castelli W.P., Levy D.L. (1987) Cholesterol and mortality: 30 years
of follow-up from the Framingham Study. JAMA 257, 2176-80.

Armitage P. (1971) Statistics in Medical Research. London: Blackwell

Armstrong B. (1987) A Simple estimator of minimum detectable relative risk, sample
size, or power in cohort studies. Am J Epidem 126, 356-358.

Armstrong N., Balding J., Gentle P., Kirby B. (1990) Patterns of physical activity
among 11 to 16 year old British children. BMJ 301, 203-5.

Bartlett M.S. (1947) The general canonical correlation distribution. Annals of Math
Statistics 18, 1-17.

Becker R.A., Chambers J.M., Wilks A.R. (1988) The new S language. A programming
environment for data analysis and graphics. Wadsworth and Brooks/Cole, Pacific
Grove, California.

Bedford A., Foulds G.A. (1978) Personality deviance scale (manual). Windsor: NFER

Bernstein E.F., Fronek A. (1982) Current status of non-invasive tests in the diagnosis
of peripheral arterial disease. Surg Clin North Am 62, 473-87.

Berg K., Kierulf P. (1989) DNA polymorphisms at fibrinogen loci and plasma
fibrinogen concentrations. Clin Genet 36, 229-35.

Berlin J.A., Colditz G.A. (1990) A meta-analysis of physical activity in the prevention
of coronary heart disease. Am J Epid 132(4), 612-28.

Bingham S.A. (1987) The dietary assessment of individuals: methods, accuracy, new
techniques and recommendations. Nutr Abstr Rev(Series A) 10, 705-42.

196



Blair S.N., Dowda M., Pate R.R., Kronenfeld J., Howe H.G. Jr, Parker G., Blair A.,
Fridingen F. (1991). Reliability of long-term recall of participation in physical activity
by middle-aged men and women. Am J Epidem 133, 266-75.

Block G. (1982) A review of validations of dietary assessment methods. Am J Epidem
115, 492-505.

Blunt R.J., George A.J., Hurlow R.A., Strachan C.J., Stuart J. (1980) Hyperviscosity
and thrombotic changes in idiopathic and secondary Raynaud’s syndrome. Br J
Haematol 45, 651-658.

Bodmer W.F. (1987) The human genome sequence and the analysis of multifactorial
traits. In: Molecular approaches to human polygenic disease. Ciba-Geigy Foundation
Symposium 130, 215-28.

Bolton-Smith C., Milne A. C. (1990) Food frequency v. weighed intake data in
Scottish men. Proceedings of nutrition society, University of York, 35.

Booth-Kewley S., Friedman H.S. (1987) Psychological predictors of heart disease: a
quantitative review. Psychol Bull 101, 343-62.

Bortner R.W. (1969) A short rating scale as a potential measure of pattern A
behaviour. J Chron Dis 22, 87-91.

Breslow N.E., Day N.E. (1987) Statistical methods in Cancer Research. Vol II. The
design and analysis of cohort studies. Lyon: IARC 285-7.

Brown G. D., Whyte L., Gee M. 1., Crockford P.M., Grace M., Oberle K., Williams
H.T., Hutchinson K.J. (1984) Effects of two "lipid-lowering" diets on plasma lipid
levels of patients with peripheral vascular disease. J Am Diet Assoc 84(5), 546-50.

Carstairs V., Morris R. (1991) Deprivation and health in Scotland. Aberdeen
University Press, Aberdeen

Carter S.A. (1968) Indirect systolic pressures and pulse waves in arterial occlusive
disease of the lower extremities. Circulation 37, 624-28.

Cameron M.E., Von Staverne W.A. (1988) Manual on methodology for food
consumption studies. Oxford University Press, Oxford.

Charm S.E., Paz H., Kurland G.S. (1979) Reduced plasma viscosity among joggers
compared with non-joggers. Biorheology 16, 185.

Chatfield C., Collins A.J. (1984) Introduction to Multivariate Methods. Chapman and
Hall: London

Chen Z-M., Peto R., Collins R., MacMahon S., Lu J., Li W. (1991) Serum cholesterol

concentration and coronary heart disease in a population with low cholesterol
concentrations. Br Med J 303, 276-282.

197



Chien S. (1975) Biophysical behaviour of red cells in suspensions. In: Surgenor
DM(ed). The Red Blood Cell. New York: Academic Press 1031-1133.

Chien S., Devereux R.B., Laragh J.H. (1985) Correlation between blood viscosity and
in vivo haemodynamics in hypertension. Clin Hemorheol 5, 715 (Abstract)

Ciufetti G., Mannarino E., Pasqualini L., Mercuri M., Lennie S.E., Lowe G.D.O.
(1988) The hemorheological role of cellular factors in peripheral vascular disease
VASA 17, 168-170.

Cohen J. (1988) Statistical Power Analysis for the behavioral Sciences. 2nd ed. New
Jersey. Lawrence Erlbaum Associates, Publishers.

Connor J.M., Fowkes F.G.R., Wood J., Smith F.B., Donnan P.T., Lowe G.D.O. (1992)
Genetic variation at fibrinogen loci and plasma fibrinogen levels. J Med Genet 29,
480-482.

Cottier C., Adler R., Vorkauf H., Gerber R., Hefer T., Hurny C. (1983) Pressurised
pattern or type A behaviour in patients with peripheral arteriovascular disease:
controlled retrospective exploratory study. Psychosom Med 45, 187-93.

Criqui M.H., Fronek A., Klauber M.R., Barrett-Connor E., Gabriel S. (1985) The
sensitivity, specificity, and predictive value of traditional clinical evaluation of
peripheral arterial disease: results from a non-invasive testing in a defined population.
Circulation 71, 516-22.

Davey Smith G., Shipley M.J., Marmot M.G. (1992) Plasma cholesterol concentration
and mortality: the Whitehall study. JAMA 267, 70-6.

Davey Smith G., Song F., Sheldon T.A. (1993) Cholesterol lowering and mortality:
the importance of considering initial level of risk. Br Med J 306, 1367 - 1373.

Dawes J., Drummond O., Goodfield N. (1987) Urinary fibrinopeptide A in a healthy
population and in patients with peripheral vascular disease. Thromb Haemostas 58, 73.

Devereux R.B., Drayer J.LM., Chien S., Pickering T.G., Letcher R.L., DeYoung J.L.,
Sealey J.E., Laragh J.H. (1984) Whole blood viscosity as a determinant of cardiac
hypertrophy in systemic hypertension. Am J Cardiol 54, 592 -5.

Dintenfass L. (1981) Hyperviscosity in hypertension. Sydney: Pergamon.

Dixon W.J. (ed). (1990) BMDP Statistical Software manual. Volumes I and IL
University of California Press: California.

Donaldson M.C., Matthews E.T., Hadjimichael J., Rickles F.R. (1987) Markers of
thrombotic activity in arterial disease. Arch Surg 122, 897-900.

198



Dormandy J.A., Hoare E., Khattab A.H., Arrowsmith D.E., Dormandy T.L. (1973)
Prognostic significance of rheological and biochemical findings in patients with
intermittent claudication Br Med J 4, 581-583.

Duffy J. (1985) Questionnaire measurement of drinking behaviour in sample surveys.
J Official Statistics 1, 229-34.

Edzard E.W., Ernst M.D., Matrai A. (1987) Intermittent claudication, exercise, and
blood rheology. Circulation 76, 1110-1114.

Engelberg H. (1992) Low serum cholesterol and suicide. Lancet 339, 727-729.

Epstein L.H. and Perkins K.A. (1988) Smoking, stress and coronary heart disease. J
Consult Clin Psychol 56, 342-9.

Emst E. (1985) Changes in blood rheology produced by exercise. JAMA 253, 2962.

Evans P.D. (1990) Type A behaviour and coronary heart disease; when will the jury
return? Br J Psychol 81, 147-57.

Eysenck H. (1985) Personality, cancer, and cardiovascular disease: A causal analysis.
Personality and Individual difference 6(5), 535 - 556.

Fleiss J.L. (1981) Statistical methods for rates and proportions. New York, Wiley.

Fowkes F.G.R., Housley E., Macintyre C.C.A., Prescott R.J., Ruckley C.V. (1988a)
Variability of ankle and brachial systolic pressures in the measurement of
atherosclerotic peripheral arterial disease. J Epid Comm Health 42, 128-133.

Fowkes F.G.R., Housley E., Macintyre C.C.A., Prescott R.J., Ruckley C.V. (1988b)
Reproducibility of reactive hyperaemia test in the measurement of peripheral arterial
disease. Br J Surg 75, 743-746.

Fowkes F.G.R. (1988c) Epidemiology of atherosclerotic arterial disease in the lower
limbs. Eur J Vas Surg 2, 283-91.

Fowkes F.G.R. (1988d) The measurement of atherosclerotic peripheral arterial disease
in epidemiological surveys. Int J Epid 17, 248-54.

Fowkes F.G.R., Housley E., Cawood E.H.H., Macintyre C.C.A., Ruckley C.V.,
Prescott R.J. (1991) Edinburgh Artery Study. Prevalence of asymptomatic and
symptomatic peripheral arterial disease in the general population. Int J Epid 20, 284-
392.

Fowkes F.G.R., Housley E., Riemersma R.A., Macintyre C.C.A., Cawood E.H.H.,
Prescott R.J., Ruckley C.V. (1992a) Smoking, lipids, glucose intolerance and blood
pressure as risk factors for peripheral atherosclerosis compared to ischaemic heart
disease. Edinburgh Artery Study. Am J Epidem 135, 331-40.

199



Fowkes F.G.R., Allan P.L., Tsampoulas C., Smith F.B., Donnan P.T. (1992b) Validity
of duplex scanning in the detection of peripheral arterial disease in the general
population. Eur J Vas Surg 6, 31 - 35.

Fowkes F.G.R., Leng G.C., Donnan P.T., Deary LJ., Riemersma R.A., Housley E.
(1992c) Serum cholesterol, triglycerides, and aggression in the general population.
Lancet 340, 995-7.

Freedman L.S., Schatzkin A., Wax Y. (1990) The impact of dietary measurement error
on planning sample size required in a cohort study. Am J Epid 132, 1185-1195.

Frick M.H., Elo O., Haapa K., Heinonen O.P., Heinsalmi P., Helo P., Huttunen J.K.,
Kaitaniemi P., Koskinen P., Manninen V. (1987) Helsinki Heart Study: primary-
prevention trial with gemfibrozil in middle-aged men with dyslipidemia. Safety of
treatment, changes in risk factors, and incidence of coronary heart disese. New Eng
J Med 317, 1237-45.

Friedman M., Rosenman R.H. (1974) Type A behaviour and your heart. Knopf: New
York.

Friedman H.S., Booth-Kewley S. (1988) Validity of the Type A construct: A reprise.
Psychological Bulletin 104 (3), 381 - 384.

Freudenheim J.L., Marshall J.R. (1988) The problem of profound mismeasurement and
the power of epidemiological studies of diet and cancer. Nutr Cancer 11, 243-50.

Fuller J.H., Keen H, Jarrett R.J., Omer T., Meade T.W., Chakrabarti R., North W.R.,
Stirling Y. (1979) Haemostatic variables associated with diadetes and its
complications, Br Med J 2, 964-66.

Gail M. (1973) The determination of sample sizes for trials involving several
independent 2x2 tables. J Chron Dis 26, 669-673.

Gallacher J.E., Yarnell J.W., Butland B.K. (1988) Type A behaviour and prevalent
heart disease in the Caerphilly study: Increase in risk or symptom reporting? J Epid
Comm Health 42, 226-231.

Gatsonis C., and Sampson A.R. (1989) Multiple correlation: Exact power and sample
size calculations. Psychological Bulletin 106, 516-524.

Gey K.F., Puska P. (1989) Plasma Vitamins E and A inversely correlated to mortality
from ischemic heart disease in cross-cultural epidemiology. In: Vitamin E.
Biochemistry and health implications (editor Diplock et al) Ann N Y Acad Sci 1989;
570: 268-281.

Gillilan R.E., Mondell B., Warbusse J.R. (1977) Quantitative evaluation of vitamin E
in the treatment of angina pectoris. Am Heart J 93, 444 - 9.

200



Graham H. (1987) Women’s smoking and family health. Social Science and Medicine
25(1), 47 - 56.

Greer 1.A., Haddad N.G., Dawes J., Johnstone F.D., Calder A.A. (1989) Neutrophil
activation in pregnancy-induced hypertension. Br J Obstet Gynaecol 96, 978-982.

Greenland S. (1985) Power, sample size and smallest detectable effect determination
for multivariate studies. Stat Med 4, 117-127.

Gregory J., Foster K., Tyler H., Wiseman M. (1990) The dietary and nutritional survey
of British Adults. Office of Population Censuses and Surveys Social Survey Division
HMSO.

Grossarth-Maticek R., Eysenck H.J., Vetter H. (1988) Personality type, smoking habit
and their interaction as predictors of cancer and coronary heart disease. Person Individ
Diff 9, 479-95.

Haegar K. (1974) Long term treatment of intermittent claudication with vitamin E. Am
J Clin Nutr 27, 1179.

Hamsten A., Iselius L., De Faire U., Blomback M. (1987) Genetic and cultural
inheritance of plasma fibrinogen concentration. Lancet 2, 988-90.

Hankin J.H., Rhoads G.G., Glober G.A. (1975) A dietary method for an epidemiologic
study of gastrointestinal cancer. Am J Clin Nutr 31, 353-9.

Hankin J.H., Wilkens L.R., Kolonel L.N.,Yoshizawa C.N. (1991) Validation of a
Quantitative diet history method in Hawaii. Am J Epid 133(6), 616-28.

Harvard Graphics for Windows. (1991) Software Publishing Corporation (SPC)
Bracknell, UK.

Haskell W.L. (1984) Exercise induced changes in plasma lipids and lipoproteins. Prev
Med 13(1), 23-36.

Haynes S.G., Feinleib M., Kannel W.B. (1980) The relationship of psychosocial
factors to coronary heart disease in the Framingham Study III. Eight year incidence
of coronary heart disease. Am J Epid 111, 37-58.

Hebert J.R., Miller D.R. (1988) Methodologic considerations for investigating the diet-
cancer link. Am J Clin Nutr 47, 1068-77.

Heller R. F., Elliott H., Bray A. E., Alabaster M. (1989) Reducing blood cholesterol
levels in patients with peripheral vascular disease: dietitian or diet fact sheet?
Med J Aust 151(10), 566-8.

Hennekens C.H., and Buring J.E. (1987) Epidemiology in medicine. Little, Brown and
company, Boston

201



Hjermann 1., Holme I., Leren P. (1986) Oslo study diet and antismoking trial. Results
after 102 months. Am J Med 80, 7-11.

Hotelling H. (1936) Relations between two sets of variables. Biometrika 28, 321-77.
Housley E. (1988) Treating claudication in five words. Br Med J 296, 1483-4.
Hsieh F.Y. (1989) Sample size tables for logistic regression. Stat in Med 8, 795-802.

Humphries S.E., Cook M., Dubowitz M., Stirling Y., Meade T.W. (1987) Role of
genetic variation at determination of plasma fibrinogen concentrations. Lancet 1, 1452-
1455.

Hutchinson K., Oberle K., Crockford P., Grace M., Whyte L., Gee M., Williams T.,
Brown G. (1983) Effects of dietary manipulation on vascular status of patients with
peripheral vascular disease. JAMA 249(24), 3326-30.

Isles C.G., Lowe G.D.O., Rankin B.M. (1984) Abnormal haemostasis and blood
viscosity in malignant hypertension. Thromb Haemostas 52, 253-255.

Isles C.G., Hole D.J., Hawthorne V.M., Lever A.F. (1992) Relation between coronary
risk and coronary mortality in women of the Renfrew and Paisley survey: comparison
with men. Lancet 339, 702 - 706.

Jacobs D.R., Ainsworth B.E., Hartman T.J., Lean A.S. (1993) A simultaneous
evaluation of ten commonly used physical activity questionnaires. Med Sci in Sports
and Exercise 25(1), 60 - 70.

Jackson R., Scragg R., Beaglehole R. (1991) Alcohol consumption and risk of
coronary heart disease. Br Med J 303, 211-6.

Jain M.G., Harrison L., Howe G. R., Miller A. B. (1982) Evaluation of a self-
administered dietary questionnaire for use in a cohort study. Am J Clin Nutr 36, 931-
935.

Jenkins C.D., Rosenman R.H., Zyzanski S.J. (1974) Prediction of clinical coronary
heart disease by a test for the coronary-prone behaviour pattern. N Eng J Med 290,
1271-5.

Jepson R., Fowkes F.G.R., Donnan P.T., Housley E. (in press) Alcohol intake as a risk
factor for peripheral arterial disease in the general population in the Edinburgh Artery
Study. Eur J Epid

Johnstone D.W., Cook, D.G., Shaper A.G. (1987) Type A behaviour and ischaemic
heart disease in middle-aged British men. Br Med J 295, 86-9.

Jondak J., Steiner M., Richardson P.D. (1989) a-tocopherol; an effective inhibitor of
platelet adhesion. Blood 73, 141-149.

202



Kannel W.B., Castelli W.P., Gordon T., McNamara P.M. (1971) Serum cholesterol,
lipoproteins, and the risk of coronary heart disease. The Framingham Study. Ann
Intern Med 74, 1 - 12.

Kannel W.B., Gordon T., Wolf P.A., McNamara P. (1972) Haemoglobin and the risk
of cerebral infarction: the Framingham Study. Stroke 3, 409-20.

Kannel W.B., Sorlie P. (1979a) Some health benefits of physical activity. The
Framingham Study. Arch Intern Med 139, 857-61.

Kannel W.B., McGee D.L. (1979b) Diabetes and cardiovascular disease JAMA 241,
2035-8.

Kannel W.B., Castelli W.P., Meeks S.L.(1985a) Fibrinogen and cardiovascular disease.
J Am Coll Cardiol 5, 517.

Kannel W.B., McGee D.L. (1985b) Update on some epidemiological features of
intermittent claudication: The Framingham Study. J Am Geriatr Soc 33, 13-18.

Kannel W.B., Wolf P.A., Castelli W.P., D’Agostini R.B.(1987) Fibrinogen and risk
of cardivascular disease: The Framingham Study. JAMA 258, 1183-86.

Kannel W.B., D’Agostini R.B. (1990) Update of fibrinogen as a major cardiovascular
risk factor: The Framingham Study. J Am Coll Cardiol 15, 156A.

Kanofsky J.D., Kanofsky P.B. (1981) Prevention of thrombo-embolic disease by
vitamin E. N Eng J Med 305, 173.

Karsen-Bengsten K., Wilhelmsen L., Tibblin G. (1972) Blood coagulation and
fibrinolysis in a random sample of 788 men 54 years old: II Relations of the variables
to "risk factors" for myocarial infarction. Thrombosis et Diathesis Haemorrhagica 28,
99-108.

Katsouyanni K., Skalkidis Y., Petridou E., Polychronopoulou-Trichopoulou A., Willett
W., Trichopoulas D. (1991) Diet and peripheral arterial occlusive disease: The role
of Poly-, Mono-, and Saturated Fatty Acids. Am J Epidem 133, 24-31.

Keys A., Menotti A., Karvonen M.J,, Arvanis C., Blackburn H., Buzina R., Djordjevic
B.S., Dontas A.S., Fidanza F., Keys M.H. (1986) The diet and 15-year death rate in
the seven countries study. Am J Epid 124, 903-15.

Keys A. (1970) Coronary Heart Disease in seven countries. Am Heart Assoc Monogr
29 Circulation 1, 41-2.

Klatsky A.L., Freedman G.D., Siegelaub A.B., Gerard H.J. (1977) Alcohol

consumption and blood pressure. Kaiser-Permanente Multiphasic Health Examination
Data. N Eng J Med 296, 1194-9.

203



Kleinbaum D.G., Kupper L.L., Muller K.E. (1988) Applied Regression Analysis and
other Multivariate Methods. PWS-Kent, Boston

Kobrin 1., Frohlich E.D., Ventura H.O., Oigman W., Dunn F.G., Messerli F.H.
(1984) Stable red cell mass despite contracted plasma volume in men with essential
hypertension J Lab and Clin Med 104, 11-14.

Kuh D.J.L., Cooper C. (1992) Physical activity at 36 years: patterns and childhood
predictors in a longitudinal study. 46, 114-119.

Kuskowska-Wolk A., Holte S., Ohlander E-M., Bruce A., Holmberg L., Adami H-O.,
Bergstrom R. (1992) Effects of different designs and extension of a food frequency
questionnaire on response rate, completeness of data and food frequency responses.
Int J Epid 21, 1144-1150.

Lapidus L., Bengtsson C. (1986) Socioeconomic factors and physical activity in
relation to cardiovascular disease and death. A 12 year follow-up of participants in a
population study of women in Gothenberg, Sweden. Br Heart J 55, 295-301.

LaRosa J.C., Hunninghake D., Bush D., Criqui M.H., Getz G.S., Gotto A.M. Jr,
Grundy S.M., Rakita L., Robertson R.M., Weisfeldt M.L., Cleeman J.I. (1990) The
Cholesterol Facts. A summary of the evidence relating dietary fats, serum cholesterol,
and coronary heart disease. Circulation 81, 1721-33.

Lee A.J., Smith W.C.S., Lowe G.D.O., Tunstall-Pedoe H. (1990) Plasma fibrinogen
and coronary risk factors: the Scottish Heart Health Study. J Clin Epid 43, 913-9.

Lemeshow S., Hosmer D. W., Klar J. (1988) Sample size requirements for studies
estimating odds ratios or relative risks. Stats in Med 7, 759-65.

Lerner D.J., Kannel W.B. (1986) Patterns of coronary heart disease morbidity and
mortality in the sexes: a 26-year follow-up of the Framingham population. Am Heart
J 111, 383-390.

Letcher R.L., Chien 8., Pickering T.G., Sealey J.E., Laragh J.H. (1981) Direct
relationship between blood pressure and blood viscosity in normal and hypertensive
subjects. Role of fibrinogen concentration. Am J Med 70, 1195-1202.

Livingstone P.D., Jones C. (1958) Treatment of intermittent claudication with vitamin
E. Lancet 2, 602.

Lgchen M-L., Rasmussen K. (1992) The Tromsg study: physical fitness, self reported
physical activity and their relationship to other coronary risk factors. J Epidem Comm
Health 26, 103-107.

Lowe G.D.O. (1987) Blood rheology in general medicine and surgery. Bailliere’s Clin
Haematol 1, 827-861.

204



Lowe G.D.O., Wood D.A., Douglas J.T., Riemersma R.A., Macintyre C.C., Takose
T., Tuddenham E.G., Forbes C.D., Elton R.A., Oliver M.F. (1991a) Relationships of
plasma viscosity, coagulation and fibrinolysis to coronary risk factors and angina.
Thromb Haemostas 65, 339-343.

Lowe G.D.O., Donnan P.T., McColl P., Fowkes F.G.R., Dawes J., Housley E., Lennie
S.E. (1991b) Blood viscosity, fibrinogen and activation of coagulation and leucocytes
in peripheral arterial disease. The Edinburgh Artery Study. Br J Haematol 77(suppl),
27.

MacMahon S., Peto R., Cutler J., Collins R., Sorlie P., Neaton J., Abbott R., Godwin
J., Dyer A., Stamler J. (1990) Blood pressure, stroke and coronary heart disease: part
I ; prolonged differences in blood pressure: prospective observational studies corrected
for the regression dilution bias. Lancet 335, 765- 74.

MacRury S.M., Muir M., Hume R. (1992) Seasonal and climatic variation in
cholesterol and vitamin C: effect of vitamin C supplemantation. Scot Med J 37, 49-52.

McCullagh P., Nelder J.A. (1989) Generalized Linear Models 2nd ed Chapman and
hall, London.

McDonough J.R., Hames C.G., Garrison G.E., Stulb S.C., Lichtman M.A., Hefelfinger
D.C. (1965) The relationship of the haematocrit to cardiovascular state of health in the
negro and white populations of Evans County, Georgia. J Chron Dis 18, 243-257.

McDowall M.E. (1983) Measuring women’s occupational mortality. Pop Trends 34,
25;

Manly B.F.J. (1991) Multivariate Statistical Methods. Chapman and Hall London

Mantel N., Haenszel W. (1959) Statistical aspects of the analysis of data from
retrospective studies of disease. J Natl Cancer Inst 22, 719-48.

Markowe H.L.J., Marmot M.G., Shipley M.J., Bulpitt C.J., Meade T.W., Stirling Y.,
Vickers M.V., Semmence A. (1985) Fibrinogen: a possible link between social class
and coronary heart disease. Br Med J 291, 1312-14.

Marmot M.G., Rose G., Shipley M.J., Thomas B.J. (1981) Alcohol and Mortality: A
U-shaped curve. Lancet i, 580-3.

Marmot M.G., McDowall M.E. (1986) Mortality decline and widening social
inequalities. Lancet 2, 274-276.

Marmot M.G. Preventive Medicine and the Health of the nation. (1993). J Epid Comm
Health 47, 2-4 (editorial)

Marr J.W. (1971) Individual dietary surveys: purpose and methods. World Rev Nutr
Diet 13, 105-64.

205



Matrai A., Whittington R.B., Ernst E. (1987) A simple method of estimating whole
blood viscosity at standardised haematocrit. Clin Hemorheol 7, 261-265.

Meade T.W., Chakrabarti R., Haines A.P., North W.R., Stirling Y. (1979)
Characteristics affecting fibrinolytic activity and plasma fibrinogen concentrations. Br
Med J 1, 153-6.

Meade T.W., Mellows S., Brozovic M., Miller G.J., Chakrabarti R.R., North W.R.S.,
Haines A.P., Stirling Y., Imeson J.D., Thompson S.G. (1986) Haemostatic function
and ischaemic heart disease: principal results of the Northwick Park Heart study.
Lancet ii, 533 - 37.

Meade T.W., Imeson J., Stirling Y. (1987) Effects of changes in smoking and other
characteristics on clotting factors and the risk of ischaemic heart disease. Lancet 2,
986-88.

Ministry of Agriculture, Fisheries and Food (1989) Annual Report of the National
Food Survey Committee. London: HMSO.

Morris J.N., Heady J.A., Raffle P.A.B., Roberts C.G., Parks J.W. (1953) Coronary
heart disease and physical activity at work. Lancet i, 1111-20.

Morris J.N., Chave S.P.W., Adam C,, Sirey C., Epstein L. (1973) Vigourous exercise
in leisure-time and the incidence of coronary heart disease. Lancet i, 333-9.

Morris J.N., Marr J.W., Clayton D.G. (1977) Diet and heart: a postscript. Br Med J
2, 1307-14.

Morris J.N., Everitt M.G., Pollard R., Chave S.P.W., Semmence A.M. (1980) Vigorous
exercise in leisure-time: protection against coronary heart disease. Lancet 2, 1207-10.

Morris J.N., Clayton D.G., Everitt M.G., Semmence A.M., Burgess E.H. (1990)
Exercise in leisure-time : coronary attack and death rates. Br Heart J 63, 325-34.

Muldoon M.F., Manuck S.B., Matthews K.A. (1990) Lowering cholesterol
concentrations and mortality: a quantitative review of primary prevention. Br Med J
301, 309-14.

Muiioz A., and Rosner B. (1984) Power and sample size for a collection of 2x2 tables.
Biometrics 40, 995-1004.

Multiple Risk Factor Intervention Trial Research Group (1982) Multiple risk factor
intervention trial: Risk factor changes and mortality results. JAMA 248, 1465-77.

Nash G.B., Thomas P.R.S., Dormandy J.A. (1988) Abnormal flow properties of white
cells in patients with severe ischaemia of the leg. Br Med J 296, 1699-1701.

Office of Population Censuses and Surveys. (1980). Classification of occupations.
London: HM Stationery Office.

206



Office of Population Censuses and Surveys. General Household Survey (1990).
HMSO, London .

Oliver M.F. (1991) Might treatment of hypercholesterolaemia increase non-cardiac
mortality? Lancet 337, 1529-31.

Paffenbarger R.S., Wing A.L., Hyde R.T. (1978) Physical activity as an index of heart
attack risk in college alumni. Am J Epid 108, 161-75.

Pinsky M.J. (1980) Treatment of intermittent claudication with c-tocopherol. J] Am
Pod Assoc 70, 455.

Plow E.F.(1982) Leucocytes elastase release during blood coagulation. J Clin Invest
69, 564 - 72.

Phillips A.N., Davey Smith G. (1991) How independent are "independent" effects?
Relative risk estimation when correlated exposures are measured imprecisely.
J Clin Epidem 44, 1223-1231.

Pocock S.J., Shaper A.G., Cook D.G., Phillips A.N., Walker M. (1987) Social class
differences in ischaemic heart disease in British men. Lancet 2, 197-201.

Prentice R.L., Pepe M., Self S.C. (1989) Dietary fat and breast cancer: a quantitative
assessment of the epidemiologic literature and discussion of methodologic issues.
Cancer Res 49, 3147-56.

Prineas R.J., Crow R.S., Blackburn H. (1982) The Minnesota code manual of
electrocardiographic findings. Boston: John Wright PSG Inc.

Reid D.D., Hamilton P.J.S., McCartney P., Rose G., Jarrett R.J., Keen H. (1976)
Smoking and other risk factors for coronary heart disease in British Civil Servants.
Lancet ii, 979-84.

Renaud S., De Longeril M. (1992) Wine, alcohol, platelets and the French paradox for
coronary heart disease. Lancet 339, 1523-1526.

Riemersma R.A., Wood D.A., Macintyre C.C.A., Elton R., Gey K.F., Oliver M.F.
(1991) Risk of angina pectoris and plasma concentrations of Vitamins A, C and E
and carotene. Lancet 337, 1-5.

Rose G.A. (1962) The diagnosis of ischaemic heart pain and intermittent claudication
in field surveys. Bull. WHO 27, 645-58.

Rose G.A., Marmot M.G. (1981) Social Class and Coronary Heart Disease. Br Heart
J 45(1), 13-9.

Rose G.A., Day S. (1990) The population mean predicts the number of deviant
individuals. BMJ 301, 1031-4.

207



Rosenman R.H., Brand R.J., Jenkins D.C., Friedman M., Straus R., Wurm M. (1975)
Coronary heart disease in the Western Collaborative Group Study: Final follow-up
experience of 8 1/2 years. JAMA 233, 872-7.

Rosner B., Willett W.C., Spiegelman D. (1989) Correction of logistic regression
relative risk estimates and confidence intervals for systematic within-person
measurement error. Stats in Med 8, 1051-1069.

Rosner B., Spiegelman D., Willett W.C. (1990) Correction of logistic regression
relative risk estimates and confidence intervals for measurement error: the case of
multiple covariates measured with error. Am J Epid 132, 734-745.

Rosner B., Spiegelman D., Willett W.C. (1992) Correction of logistic regression
relative risk estimates and confidence intervals for random within-person measurement
error. Am J Epid 136, 1400-1413.

Schlesselman J.J. (1974) Sample size requirements in cohort and case-control studies
of disease. Am J Epid 99, 381-384.

Schlesselman J.J. (1978) Assessing effects of confounding variables. Am J Epid 108,
3-8.

Schlesselman J.J. (1982) Case-control studies. Design, Conduct, Analysis. New York:
Oxford University Press.

Self G.S., Mauritsen R.H., Ohara J. (1992) Power calculations and likelihood ratio
tests in generalized linear models. Biometrics 48, 31-39.

Shaper A.G., Wannamethee G., Walker M. (1988) Alcohol and mortality: explaining
the U-shaped curve. Lancet 2, 1267-1273.

Shectman G., Byrd J.C., Gruchan H.W. (1989) The influence of smoking on vitamin
C status in adults. Am J Public Health 79, 158-162.

Shectman K.B., Barzilai B., Rost K., Fisher E.B. (1991) Measuring physical activity
with a single question. Am J Public Health 81, 77-83.

Shekelle R.B., Shryock A.M., Paul O., Lepper M., Stamler J., Liu S., Raynor W.J. Jr.
(1981) Diet, serum cholesterol and death from coronary heart disease. The Western
Electric Study. New Eng J Med 304, 65-70.

Shekelle R.B., Missell L., Paul O., Shryock A.M., Stamler J. (1985a) Fish
consumption and mortality from coronary heart disease. N Eng J Med 313, 820.

Shekelle R.B., Hulley S.B., Neaton J.D., Billings J.H., Borhami N.O., Gerace T.H.,
Jacobs D.R., Lasser N.L., Mittlemark M.B., Stamler J. (1985b) The MRFIT behaviour
pattern study II Type A behaviour and incidence of coronary heart disease. Am J Epid
122(4), 559-70.

208



Shinton R., Sagar G. (1993) Lifelong exercise and stroke. Br Med J 307, 231-4.

Sing C.F., Davignon J. (1985) Role of the apolipoprotein E polymorphism in
determining normal plasma lipid and lipoprotein variation. Am J Hum Genet 37, 268-
285.

Small M., Lowe G.D.O., Douglas J.T., Hutton L, Lorimer A.R., Forbes C.D. (1988)
Thrombin and plasmin activity in coronary artery disease. Br Heart J 60, 473-487.

Smith R. (1981) Overture to the alcohol debate. Br Med J 283, 835-8.

Smith F.B., Lowe G.D.O., Fowkes F.G.R., Rumley A, Rumley A.G.., Donnan P.T.,
Housley E. (1993) Smoking, haemostatic factors and lipid peroxides in a population
case control study of peripheral arterial disease. Atherosclerosis 102, 155-162.

Smith W.C.S,, Lowe G.D.O., Lee A.J., Tunstall-Pedoe H. (1992) Rheological
determinants of blood pressure in a Scottish adult population. J Hypertension 10, 467 -
T2

Sobolski J., Kornitzer M., De Backer G., Dramaix M., Abramowicz M., Degre S.,
Denolin H. (1987) Protection against ischaemic heart disease in the Belgian physical
fitness study: physical fitness rather than physical activity? Am J Epidem 125, 601-
10.

Sorlie P.D., Garcia-Palmieri M.R., Costas R., Havlik R. (1981) Haematocrit and risk
of coronary heart disease: The Puerto Rico Heart Health Program. Am Heart J 101,
456-461.

Stampfer M.J., Colditz G.A., Willett W.C., Speizer F.E., Hennekens C.H. (1988) A
prospective study of moderate alcohol consumption and the risk of coronary disease
and stroke in women. New Eng J Med 319(5), 267-73.

Statistical Package for the Social Sciences(SPSS-X) (1986) SPSS-X users quide. 2nd
ed. Chicago, IL: SPSS Inc.

Steinberg D., Parthasarathy S., Carew T.E., Khoo J.C., Witztum J.L. (1989) Beyond
Cholesterol: modifications of low-density lipoprotein that increase its atherogenicity.
New Eng J Med 320, 915-24.

Stone M.C., Thorpe J.M. (1985) Plasma fibrinogen - a major coronary risk factor. J
R Coll Gen Pract 35, 565-9.

Stormer B., Horsch R., Kleinschmidt F., Loose D., Bruster H., Krewer K. (1974)
Blood viscosity in patients with peripheral vascular diseases in the areas of low shear
rates. J Cardiovasc Surg 15, 577-584.

Strandness D.E. Jr., Priest R.E., Gibbons G.E. (1964). Combined clinical and

pathologic study of diabetic and non-diabetic peripheral arterial disease. Diabetes 13,
366 - 372.

209



Stryker W.S. (1988) The relation of diet, cigarette smoking, and alcohol consumption
to plasma B-carotene, and a- tocopherol levels. Am J Epid 127, 283-296.

Subar A.F., Block G. (1990) Use of vitamin and mineral supplements: demographics
and amounts of nutrients consumed. The 1987 Health Interview Survey. Am J Epid
132, 1091-1101.

Sulaiman N.D., Florey C. Du V., Taylor D.J., Ogston S.A. (1988) Alcohol
consumption in Dundee primigravidas and its effects on outcome of pregnancy. Br
Med J 296, 1500 - 1503.

Sykes D.H., Haertel U., Gostautas A., Evans A.E. (1992) The Framingham Type A
behaviour pattern and coronary heart disease in three countries: A cross-cultural
comparison. Int J Epid 21, 1081-1089.

Thomson M., Fulton M., Wood D.A., Brown S., Elton R.A., Birtwhistle A., Oliver
M.F. (1985) A comparison of the nutrient intake of some of Scotsmen with dietary
recommendations. Hum Nutr Appl Nutr 39(6), 443-455.

Thomson M., Elton R.A., Fulton M., Brown S., Wood D.A., Oliver M.F. (1988)
Individual variation in the dietary intake of a group of Scottish men. J Hum Nutr Diet
1, 47-57.

Tibblin G., Bergentz S.E., Bjur J., Wilhelmsen L. (1966) Haematocrit, plasma protein,
plasma volume, and viscosity in early hypertensive disease. Am Heart J 72, 165-176.

Tunstall-Pedoe H., Smith W.C.S., Crombie LK., Tavendale R. (1989) Coronary risk
factors and lifestyle variations across Scotland: Results from the Scottish Heart Health

Study. Scot Med J 34, 556-560.

Uusitupa M.LJ., Niskanen L.K., Siitonen O., Voutilainen E., Pyorild K. (1990) 5-year
incidence of Atherosclerotic Vascular Disease in relation to general risk factors,
insulin level, and abnormalities in lipoprotein composition in non-insulin-dependent
diabetic and nondiabetic subjects. Circulation 82, 27-36.

Walker M., Shaper A.G., Phillips A.N., Cook D.G. (1989) Short stature, lung function
and risk of a heart attack. Int J Epid 18(3), 602 - 6.

Walter S.D. (1977) Determination of significant relative risks and optimal sampling
procedures in prospective and retrospective comparative studies of various sizes. Am
J Epid 105, 387-397.

Walter S.D. (1980) Matched case-control studies with a variable number of controls
per case. JRSS Series C 29, 172-179.

Welsh Heart Health Study. (1985a) Protocol and questionnaire. Heartbeat report No.
2 Cardiff, Wales.

210



Welsh Heart Health Study. (1985b) Clinical Survey Results. Technical Report No. 20.
Cardiff, Wales

Whittemore A. (1981) Sample size for logistic regression with small response
probability. JASA 76, 27-32.

Wiehl D.G., Reed R. (1960) Development of new or improved dietary methods for
epidemiological investigations. Am J Pub Health 50, 824-8.

Wilhelmson L., Svardsudd K., Karsen-Bengsten K., Larsson B., Welin L., Tibblin G.
(1984) Fibrinogen as a risk factor for stroke and myocardial infarction. N Eng J Med
311, 501-5.

Willett W.C., Stampfer M.J. (1986) Total Energy Intake: Implications for
epidemiologic analyses. Am J Epid 124, 17-27.

Williams H.T.G., Fenna D., MacBeth R.A. (1971) a-tocopherol in the treatment of
intermittent claudication. Surg Gynae Obstet 132, 662.

Wilson S.R., and Gordon I. (1986) Calculating sample sizes in the presence of
confounding variables. Applied Statistics 35, 207-213.

Winocour P.D., Turner M.R., Taylor T.G., Munday K.A. (1977) Gout and
cardiovascular disease. Lancet i, 959-60.

Woodcock B.E., Smith E., Lambert W.H., Morris Jones W., Galloway J.H., Greaves
M., Preston E.E. (1984) Beneficial effect of fish oil on blood viscosity in peripheral
vascular disease. Br Med J 288, 592-4.

Yarnell J.W.G., Fehily A.M., Milbank J.E., Sweetnam P.M., Walker C.L. (1983) A
short dietary questionnaire for use in an epidemiological survey: Comparison with
weighed dietary records. Hum Nutr Appl Nutr 37A, 103-112.

Yusuf S., Wittes J., Friedman L. (1988) Overview of results of randomised clinical
trials in heart disease. II Unstable angina, heart failure, primary prevention with
aspirin, and risk factor modification. JAMA 260, 2259-63.

Zimmet P.Z., Collins V.R., Dowse G.K., Alberti K.G.M.M., Tuomilehto J., Gareeboo
H., Chitson P. (1991) The relation of physical activity to cardiovascular disease risk
factors in Mauritians. Am J Epid 134, 862-75.

Zuckerman M. (1991) Psychobiology of personality. Cambridge: Cambridge University
Press 205-223.

211



APPENDIX 1 : The Edinburgh Artery Study Questionnaire



EDINBURGH ARTERY STUDY

QUESTIONNATRE

THE INFORMATION IN THIS QUESTIONNATIRE IS HIGHLY CONFIDENTIAL AND IS PART OF
A MEDICAL RESEARCH STUDY

The information you give in this personal health record will be treated as
strictly confidential and will be available only to your own doctor and the
study team. The results of the research will appear only in the form of
general statistics from which it will be impossible to identify you as an
individual.

Please complete the following:

SIBMAME: @ ceseswsios T 1 YO T S T AT _—
FORENAMES: = issdarisdssesasia P I R ey - P SRS SO S s PR
DATE: aesesswews T R e R

f vou have any difficulties in answering some questions you will have a
chance to discuss these later with a member of the study team.

THANK YOU FOR YOUR CO-OPFRATION IN THIS STUDY. THE FINDINGS WILL HELP TO
IMPROVE HEALTH IN SCOTLAND.



IT IS IMPORTANT TO ANSWER ALL THE QUESTIONS CAREFULLY. PLEASE TAKE YOUR
TIME.

There is some evidence of a relationship between health and other factors
such as evercise, occuraticn, education, diet ete. In order to compare our
data ®ith national fizires and other research work, we are interested to
have the fallowing de~=zils about yourself.

PERSONAL HISTCRY

1. Please tick one box: Male Female
]* [1 %
2 Enter »our date of Tirth: Day Month Year

1] 1 [

3. Please tick the box showing your present marital status:

Married {v;ar squivalent) D 1

Single D &

Widowed [(]3

Divorced cr serarated D 4
EDUCATICN

1. Wwhat is the HIGHEST level of educaticn you and your spouse or ex-spouse
have completed? Please tick boxes as appropriate.

Yourself  Spouse or
Ex-spouse

degree course D 1 D 1

Other profess:icnal or technical
qualificaticn after leaving school I [ 2 D 2

Secendary School D 3 D 3
Primary Schocl | I 3 | [4

PAID EMPLOYMENT

University/ccileg

1]

[$1]

. What is your =mplcrment status at the moment? Please tick ktoxes as
apprepriate.

[Py

Zmploved, Tull-time

[R%]

w b

(o0}

HERININREEE



Please complete questions 6 and 7 as appropriate for yourself and your
sSpouse Or ex-spouse.

6. YCURSELF YOUR SPOUSE or EX-SPOUSE

{2) Please give the name of yvour present job and describe what you do as
fully as possible. If unemployed or retired, do not complete this
question, BUT PROCEED TO QUESTION 7.

...............................................................

---------------------------------------------------------------

(b) What business or industry is this in?

...............................................................

(c) In this job are you?
self-employed El foreman :I self-emplcoyed D foreman EI

manager D other D manager D other D

{d) In this job do you supervise/employ?

23 or more people D 25 or more people D
fewer than 25 people E’ fewer than 23 people D
no-one D no-one l:l



e |

YOURSELF YOUR SPOUSE or EX-SPOUSE

{a) DPlease zgive the name of the job vou have done for the longest period of
vour life, and describe what you did as fully as possible. (If the
answer 1s the same as in Question 6 above, write SAME)

...............................................................

{b) What business or industry was this in?
(c) In this job were you?
self-employed D foreman D self-employed D foreman D
manager E other D manager D other
employee employvee D
(d) In this job did ycu supervise/employ?
23 or more people D 25 or more people D
fewer than 25 peorle D fewer than 25 people D
no-one D no-one D

FOR OFFICE USE ONLY




SMOKING

Smoking has been linked with many health problems. It is important that you
answer the following section as accurately as possible. Please tick
appropriate boxes.

8(a)

(b)

(c)

(1)

(J!

Do wvou smoke at present?

IF NO, PROCEED TO QUESTION 8(f)

What do vou usually smoke now?
cigarettes
pipe
cigars

How many do you usually smoke now?
cigarettes per day
oz. tobacco per week
cigars per week

For how many years during your life have you
smoked cigarettes?

How many cigarettes have you smoked on average

per day during the period yvou have smoked?

NOW PROCEED TO QUESTION 8(k)

Have you ever smolked regularly?

IF NO, PROCEED TO QUESTION 8(k)

What did you usually smoke?

cigarettes

clgars

How much did you smoke on average while you
were a smoker?

cigarettes per day
0z. tobacco per week
cigars per week
For how many years did you smoke cigarettes?

If vou smoked ci
since you finally g

Is any other memcer of i1our housshold a
smoker?

[

Yes | ! No

[:] No [:]
Yes ]:] No D
E] No []

Yes

Yes

...... cigarettes
...... 0zZ.

...... cigars
...... vears

...... cigarettes

Yes [:] No D

Yes [:] No
Yes [:] No [:]
Yes I | No i ]
...... cigarettes
...... 0Z.
...... cigars
...... years
FeArs s e s months



MEDICAL HISTORY

We snould now Liike to ask vou guestions about your healith, illnesses you
have had in the past, and how you are feeling now. Please tick appropriate
boxes.

g, Have vou ever been told by a doctor that vou have or have had anv of
the rollowing?

]
m
1]

Hardening of the arteries in the legs

Angina

Heart attack (ceronary thromboosis, myocardial
infarction!

High blcocod pressure
Stroke

Diabetes (sugar disease)
Bronchitis

Tuberculecsis

DOodoooo oo
Hoadooodo Oods

Asthma

10. Are vou on any regular medical treatment from z doctor as follows?

]
(]
n

Drugs to lower blood pressure
Diuretics (water tablets)
Insulin injections

Tablets for diabetes

Other treatments?
Give names if possible.

oot O
ODOOo0ns



CHEST PAIN

11(a) Do you ever get pain or discomfort in ycur chest?
IF NO, PROCEED TO QUESTION 12

Yes D No D

(b) Do you get this pain or discomfort when you walk uphill or hurry?
IF NO, PROCEED TO QUESTION 1llg

Yes I:I No D

(c) Do you get it when you walk at an ordinary pace on the level?

Yes No D

(d) Wwhen you get any pain or discomfort in your chest what do you do?

Stop |:|

Slow down D

Continue at the same pace D

(e} Does it go away when you stand still or sit down?
Yes D No D
(f) How soon?
10 minutes or less Yes D No D
more than 10 minutes Yes D No D

(g) Where do you get this pain or discemfort? Mark the place(s) with 'YX’
on the diagram.

-
RIGHT = e LEFT
e T S

— \
12(a) Have you ever had a severe pain across the frent of yvour chest lasting
for half an hour or more?

Tes D No D

(b) What was the cause? ......cciiivtnnrenn. viie

FOR CFFICE USE ONLY A: GRADE MI:




CoUGH

13(a) Do vou usually cough several times irst thing in the morning 1n the
inter? (Ignore clearing throat or single cough)

Yes [:] NO [:]

(b} Do you usually cough during the day or night in winter? (Ignore the
occasional cough)

Yes- [:] No [:]

(c; If ves to (a) or (b), do you cough on most days fer at least three
months each winter?
Yes D No D

PHLEGM (SPIT)

1

1d(a) Do you usually bring up any phlegm (spit) from your chest first thing
in the morning in the winter?
Yes [:] No i l
ib} Do you usually bring up any phlegm from your chest during the day, cr
at night, in the winter?
Yes D No D
(c) 1If ves to (a) or (b), de vou bring up phlegm like this on most dayvs

for as much as three months each year?
vee [0 %o O

BREATHLESSNESS

15(a) \Are you troubled by shortness of breath when hurrring on level grourd

or walking up a slight hill?
Yes [:] No [:]

IF NO, GO TO QAESTION 16
(b} Do you get short of breath walking with other pecrle of your own age
on level ground?

Tes D No |:]

ic) Do vou have tc stop for breath when walking at vour own pace cn level

ground?
Gesf T AT

(1]
n

sCR 'OFFICE USE ONLY

g%}



WHEEZING

16(a) Have you had attacls of wheezing or whistling in your chest at any
time in the last 12 months?”
vo [ ]

Yes D
(b} Have vou ever had attacks of shortness of breath with wheezing”
Yes D No D
(2) If yes to (b), is/was vour breathing absolutely normal between

ttacks?
SR Yes D No D

{éd) Have vou at any time in the last 12 months been woken at night by an
attack of shortness of breath?
Yes D No [___]



LEG PATN

17(a) Do you get a pain in either leg on walking?

(b)

(ec)

(d)

(£)

(g)

(h)

18.

lg.

IF NO, GO TO QUESTION 18

Yes ]

| —

No [:]

Does this pain ever begin when you are standing still or sitting?

Yes [:]

Do you get this pain in your calf (or calves)?

Yes [:]

Do you get it when you walk uphill or hurry?

Yes D

Do you get it when you walk at an ordinary pace on the level?

Yes [:]

No [:]

No[]

No

[
No [:]

Does the pain ever disappear while you are still walking?

Yes [:]

What do you do if you get it when you are walking?
Stop
Slow down
Continue at same pace
What happens to it if you stand still?
Usually continues for more than 10 minutes
Usually disappears in 10 minutes or less
Have you ever had surgery on the arteries of your legs
varicose veins?
Yes [:}

Please specify .vcevivevieane a AR

Have you ever had surgery to remove

toes? Yes D
leg below the knee? ' Yes [:]
leg above the knee? Yes [:]

No

[

1 [
2 []
3

No

L
No [:]
[

No

FCR OFFICE USE CNLY

I.C. GRADE



OTHER MEMBERS OF YOUR FAMILY

20. Please tick the appropriate boxes for other members of your family if
they have been diagnosed as having any of the illnesses below:

Illnesses Father Mother Any brother Any son or
or sister daughter

Angina - [:] [:] [:] [:]
Stroke

High blood cholesterol
level

Diabetes (sugar disease)

Hardening of the arteries
in the leg/claudication

Thrombosis/embolism

High blood pressure

OO0 0 0O Oogd
O 0O 00 O 0O O
O 0O 0O o O 0O O
O O oo o o O

Heart attack

[f died from heart attack,
at what age?
3% YOS 5 valTS & sas IS < ¥ YDS



PHYSICAL ACTIVITY

The {ollowing section gives examples of the sort of activities you might do

or may have done REGULARLY.

LICGHT activity

Ballrcom dancing
Bowling

Light do-it-yvourself
Light gardening

Horse riding

Sailing

Walking (include to and
from work,to shops etc)
Yoga

And other activities of
similar intensity.

Please specify others
vou have dene.

ooooooooooooooooooooooo

.......................

MODERATE activity

Badminton

Cricket

Cyveling (include to and
from work, to shops etc)
Heavy cdo-it-yourself
Golf

Jogging

Swimming

Tennis

And other activities of
similar intensity.

Please specify others
vou have done.

ooooooooooooooooooooooo

.......................

STRENUOUS activity

Basketball

Competitive cycling
Competitive swimming
Competitive running
Field sports (such as
rugby, soccer, hockey)
Training for strenuous
sport

Squash

And other activities of
similar intensity.
Please specify others
vou have done.

.......................

21. in a typical week during the last year, on how many occasions would
vou take part FOR MORE THAN 20 MINUTES EACH TIME:
Insert’None’if appropriate

in LIGHT physical activits? in summer ...... times
in winter ..aean times
in MODERATE physical activity? in summer ...... times
in winter ...... times
in STREMNUCUS physical activity? in summer ...... times
i Winter . e times

22, In a typical week, when you were 35-15 yvears old,

on how many

cccasions would you take part, FOR MORE THAN 20 MINUTES EACH TIME:
Insert 'None' if appropriate

in LIGHT physical activity? in summer ...... times
in winter ...... times
in MODERATE physical activity? in summer ...... times
in winter ...... times
in STRENLCOUS physical activity? in summer ...... times
in winter ...... times



23. Which of the following best describes your daily work or other daytime
activity at the present time?
Please tick one box only.

I am usually sitting during the

day and do not walk about much

I stand or walk about quite a

lot during the day, but do not

have to carry or lift things
very often

I usually lift or carry light

loads and have to climb stairs

and/or hills often

I do heavy work and carry
heavy loads

I usually sat during the
day and did not walk about much

I stood or walked about quite a
lot during the day, but did not
have to carry or lift things
very often

I usually lifted or carried light
loads and had to climb stairs
and/or hills often

I did heavy work and carried heavy
loads

office workers,
drivers

housewives, shop
assistants

postmen, packers

. building, mining

workers, agricultural
workers

Which of the following best described your daily work or other davtime
activity WHEN YOU WERE 35-45 YEARS OLD?

office workers,
drivers

. housewives, shop

assistants

postmen, packers

building, mining heaxy
workers, agricultural
workers



L1FE STYLE AND ATTITUDES

28;

(a)

(b)

(c)

(d)

(e)

(f)

(h)

(1)

L3

(k)
(1)

(m)

(n)

Each of us belongs somewhere along the line between two extremes. For
example, most of us are neither the most competitive nor the least
competitive person we know. What we would like you to do is to make a
vertical line where vou think yvou belong between these two extremes.

For example:

Always tidy

Never late

Mot competitive
Anticipate what cthers
are going to say (ncd,
interrupt, finish for
them)

Always rushed

Can wait patiently
Go "all out"
Take things one at a

time

Emphatic in speech

(may pound desk or chair))

Have wanted good job
recognised by others

Fast (eating, walking
eto. )

Easv going
Hide feelings
Many interests

Am/was satisfied with
Job

Never tidy

Casual about
appointments

Very competitive

Good listener, hear
others out

Never feel rushed, even
under pressure

Impatient when waiting
Casual

Try to do many things
at once, think about
what to do next

Slow, deliberate talker
Only care about
satisfying myself no
matter what others may
think

Slow doing things

Hard driving
Express feelings

Few interests (outside
work !

Ambitious



26

(a)

(1)

(2)

(3)

(4)

(3)

(6)

(7)

(8)

(8)

The next section contains descriptions of how you may have felt,
thought, or acted during most of your life. Below each statement there
are [our words or phrases; cChoose the one which best describes you for
most of your life and draw a circle round it.

EXAMPLE
I have enjoved being with other people.

Nearly always Seldom Never

The first example would mean that most of your life you have often
enjoyed being with other people.
I would have liked to get my own back on someone.
Very often Often Seldom Never
I have been content to act in a very humble way.
Never Seldem Often Nearly always

I have thought that people will tell the truth, even if it gets them
into trouble.

Nearly alwayvs Often Seldom Never

I have felt as capable as other people.
Never Seldom Often Nearly alwayvs
When I’'ve wanted to have a row with someone, I have done so.
Nearly always Often Seldom Never
I have preferred to take a lot of advice before doing anything.
Never Seldom Often Nearly always
I have felt like telling people to go to blazes.
Nearly always Often Seldom Never
When in a group I have been content to be led.
Never Seldem Often Nearly always

When someone has been particularly helpful, I’ve wondered what real
reascn lay behind it.

Nearly alwavs Often Seldom Never

(10) I have had confidence in myseif.

Never Seldcm Often . Nearlwv always



(11) When I’ve disliked someone, I have shown it.
Nearly always Often Seldom Never
(1‘2) I have wanted plenty of support from people.
Never Seldom Often Nearly always
(13) I have felt the urge to smash things.
Very often Often Seldom Never
(14) I have been content to be dominated by someone else.
Never Seldom Often Nearly always
(15) I have believed that people are pretty reliable.
Nearly always Often Seldom Never
(16) I have been very unsure of myself.
Never Seldom Often Nearly always
(17) When I’ve been angry with someone, I’ve bottled it up.
Nearly always Often Seldom Never
(18) I have liked to be told what needs doing.
Never Seldom Often Nearly always
(19) I have wanted to give sameone a piece of my mind.
Very often Often Seldom Never
(20) I have preferred to let people have their own way.
Never Seldom Often Nearly always

(21) I have felt that people would tell lies to get ahesad.

Nearly always Often Seldom Never
(22) I have given up doing something because I thought too little of my owmr
ability.
Never Seldom Often Very Often

(23) Even when crossed, I’ve let people get away with it.
Nearly always Often Seldom Never
(24) I have been content to lean on other people for emoticnal support.

Never Seldom Often Nearly always



(25) I would have liked to pick a quarrel with someone.
Very often Often Seldom Never
(26) I have been happy to play second fiddle.
Never Seldom Often Nearly always
(27) I have felt that people are out for what they can get.
Nearly always Often Seldom Never

"(28) I have felt that even when difficulties were piling up I would
overcome them.

Never Seldom Often Very often

(29) When I’ve thought I was justified in losing my temper, I have done =o
in no uncertain terms.

Very often Often Seldom Never
(30) I have preferred to find out for myself what’s to be done.
Never Seldom Often Nearly always
(31) I have felt like blaming others when things have gone wrong.
Nearly always Often Seldom Never
(32) I have preferred to stay in the background.
Never Seldom Often Nearly always
(33) I have thought one can safely trust people.
Nearly always Often Seldom Never
(34) I have felt pretty useless.
Never Seldom Often Nearly always

(35) When I’ve felt like blaming someone to their face for something that
has gone wrong, I have done so.

Nearly always Often Seldom Never
(36) I have needed a lot of help from other people.

Never Seldom Often Very often



DIET

The following questions are about the food that you usually eat. Please give
the number of days each week on which you usually eat the various foods.

EXAMPLE
Ring the appropriate answer like this: Number of days each week

If you eat a food ever& day, then ring

the 7: (j 6

If you eat a food 3 days each week ring
the 3:

w
i
[#%)
(%)
-

M R

5 4@ 2 1 MR

=1
(2]

If you eat a food less than one day a week
(but more than once a month), then
ring M (Monthly):

=]

6 51432 1(D)E
If you eat a food rarely, or never, then-
ring R (Rarely): 76 5 132 1 M®R)

Please complete every line even if you do not take the food in question.

2T BREAD
How many slices Please tick
or rolls per day whether slices

(or rolls) are:

(a) White Bread TEDAI2IMEBE | ssnaws Thick Medium Thin
(b) Brown Bread T8 I Z2IAMEB  cee s Thick Medium Thin
{c) Wholemeal T654321MR o P Thick Medium Thin

(d) Bread Rolls

(all types) T84 F2LMRE 0 s ewe Large Medium Small
(e) Crispbread 7684 321TMRE - euas

Ryvita, cream

crackers etc.

Pleage sSpecify LVDB: & sws semawiies viesw svas dew i e

28. BREAKFAST CEREALS

(a) Grapenuts, Porridge, Ready Brek,

Rice Crispies, Special K, Sugar Puffs T 6 5 4 3 2 1 M R
(b) Cornflakes, Muesli, Shredded Wwheat,

Sultana Bran, Weetabix i b 3 4 & 2 1 M B
(c) Bran Flakes or Puffed Wheat T 6 5 4 3 2 1 M R
(d) All bran or Wheat Bran 7T 6 3 4 3 2 1 M R
(e} Other cereals. T 6 3 4 3 2 1 MR

Please :specify « son cui swfsn sio 6o ek ssse



29.

(a)

(b)
(c)
(d)
(e)
(f)
(g)
(h)

(1)

30.

(a)

(b)

21
(a)

(b)

MEAT

Beef (including minced beef,
beefburgers)

Lamb

Pork, bacon or ham

Chicken, Turkey,, or other poultry
Tinned meat (all types, eg.corned beef)
Pork sausages

Beef sausages

Meat pies or pasties

Liver cor kidney or heart

FISH

white fish (cod, haddock, hake, plaice,
or fish fingers etc.)

Kippers, herrings, pilchards, tuna,
sardines, salmon or mackerel (including
tinned)

VEGETABLES

Potatoes:boiled, baked or mashed

Potatoes:(a) chips or fried (from shop)

(b) chips or fried (ccoked at
home )

Green vegetables or salad
Carrots

Parsnips, swedes, turnips, beetroot,
and other root vegetables

Baked or butter beans, lentils, peas,
sweetcorn

Onions, (ccoked, raw or pickled)
Spaghetti and other pasta

Rice (all types except pudding rice)

=1

|

=]

=1

=1

=l

=1

=-J

-1

it |

0

(2]

(e}

o

w

w

8]}

[$]]

g%

[8V)

3]

[EV]

Pt

=t

-

[y

-

M

M

M

M

M

M

M

by |

M

M

M

M

M



32. BISCUITS/PUDDINGS

(a) Digestive biscuits or plain biscuits 7 686 5 4 3 2 1 M R
(b) Sweet biscuits, sweeties, or jellies 7 6 32 4 3 2 1 M R
(c) Ice cream, sweet yoghurts or chocolate T 6 5 4 3 2 1 M R
(d) Fruit cake, sponge cake, scones or buns 7 6 5 4 3 2 1 M R
(e) Fruit tart, jam tart, fruit crumble,

trifle 76 5 4 3 2 1 MR
(f) Milk pudding(eg. rice, tapioca custard) 7 6 5 4 3 2 1 M R
(g) Tinned fruit T 6 3 4 2 2 1 MR
33.  FRESH FRUIT
(a) Number of apples eaten per week ...,
(b) Number of pears eaten per week ...
(c) Number of oranges or grapefruit eaten per week = ......
(d) Number of bananas eaten per week e
34. EGGS

How many eggs do you eat per week? ...,

35 MIIK

(a) How much milk do you drink per day in tea or coffee, in milky drinks,
with cereals etc.?
(Please tick one)
None at all ' I:l 0

Half-pint or less

Between half and one pint

1010

More than one pint

(b) What kind of milk do you usually use?
(Please tick one)

Full-fat milk, fresh or dried

[pv]

Semi-skimmed milk

Fully-ckimmed milk, fresh or dried

HENEEEN

Other kinds or milk, eg. condensed, evaporated



36.

(a)

(b)

(a)
(b)
(c)
(d)

(e}

38.

FATS

What do you usually eat on bread?
(Please tick one or more)

Butter

Soft margarine (speCify tYPe) weees snu cnwevans sunvasine

Hard margarine

How often do you eat home-fried food (including chips) cooked with:

Lard, dripping or solid vegetable
oil :

Specify brand .......... BB SRS

Liquid Vegetable oil

How many cups of coffee do you have per day?

How many teaspoons of sugar do you take per cup”
How many cups of tea do you have per day?

How many teaspoons of sugar do you take per cup?’

How many days eacn week do wvou drink
fruit juices and squashes?

Are these usually” (please tick one or more)

Natural juices
Squashes

Fizzy drinks

¥

)

[
2,3,4[]
5 [
2 1 M R
2 1 M R
2 1 M R

L]

[]3

How much of the following foods deoes the whole family use on average

per week?
Butter
Margarine (all tipes)
Lard and solid vegetable oil
Liguid vegetable oil
Cheese (excluding cottage cheese)
Cream

Sugar

lbs: .

IB&: » wen

Ibs: 544

31} o —

o Ibs e

QZs



39.

(a)

(b)

(c)

40‘

41.

SALT

How much salt is added in your cooking? (please tick cne)

Do you add salt to your meals at the table? (please tick one)

Is, in your opinion, ready-made food compared to home-made food?

None
A little

A lot

No
When the food is not salty enough

Almost always before tasting

(please tick one)

How

Less salty than at home
As salty as at home

More salty than at home

many persons normally eat in your household?

Number of adults (including yourself)
Number of children 5 to 16 years
Number of children 1 to 4 years

Number of babies under 1 year of age

you on a special diet? (Please tick one)
None

Slimming diet suggested by your doctor
Slimming diet prescribed by yourself
Diabetic diet

Other "medical" diet, please specify

Vegetarian diet

Vegan diet

LR R )



ALCOHOL

42(a) Think back carefully over the last seven days. Please write in each

(b)

13.

column exactly the number of alcoholic drinks vou have consumed on
each day during the past week. If none consumed write 'O’ in the

boxes.

Try to remember where you were and who you were with on each day. This
may help you remember what you had to drink.

Pints of Single Glasses Single Glasses
beer, lager  of whisky,vodka of martini,
cider, etc gin etc. sherry, etc.
Monday [] [] L]
Tuesday ] L] ]
Wednesday ] ] ]
Thursday ] ] []
Friday L] [ ]
Saturday ] ] ]
Sunday [ O [

would vou say that last week was fairly typical of what you usually

have to drink in a week?
Yes \:l No D

If last week was not typical, would you normally drink more or less in

1 D More 2 D lfess

Think about the last time you had a drink. Exactly how much did you
drink on that occasion? Please insert the numbers in the boxes.

a week?

How many pints of lager, cider, shandy,
stout ete. did you drink? ... . Pints

How many single glasses of whisky, vodka,
gin, rum or other spirits did you drink? = ...... Glasses

How many single glasses of Martini, port,
sherry or wine did you drink? ..., Glasses

THANK YOU VERY MUCH FOR YOUR CO-OPERATION IN CCMPLETING THIS QUESTIONNAIRE.

YOU WILL HAVE AN OPPORTUNITY TO DISCUSS ANY PROBLEMS WITH THE QUESTIONNAIRE
WITH A MURSE AT THE END OF THE MORNING.
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Diet as a risk factor for peripheral arterial disease in the
general population: The Edinburgh Artery Study'2

Peter T Donnan, Marjory Thomson, F Gerald R Fowkes, Robin J Prescott, and Edward Housley

ABSTRACT The Edinburgh Artery Study included a cross-
sectional survey of 1592 men and women (aged 55-74 y). One
aim was to examine relationships between an indicator of pe-
ripheral arterial disease, the ankle brachial pressure index (ABPI),
and dietary factors. Nutrient intake was derived from a food-
frequency guestionnaire. Higher frequency of consumption of
fiber-containing foods was associated with greater mean ABPI
in males and higher consumption of meat and meat products
were significantly associated with low mean ABPI in males and
females. In a multiple linear regression with ABPI as outcome
and energy-adjusted nutnents as predictors, cereal fiber (P
= (.02) and alcohol (P = 0.04) were positively associated with
the ABPI in males but not in females. Dietary vitamin E(a-
tocopherol) intake was positively associated with ABPI (P = 0.04)
independently of smoking and other nutrients. Dietary vitamin
C intake was significantly related to ABPI (P = 0.006) only
among those who had ever smoked. Am J Clin Nutr 1993:57:
917-21.

KEY WORDS Atherosclerosis, peripheral arterial disease,
diet, dietary fiber, vitamin E, vitamin C

Introduction

The underlying mechanism of peripheral arterial disease and
coronary heart disease is atherosclerosis and similarities in dietary
nisk factors for these two conditions would be expected. Most
research has concentrated on the relationship between diet and
coronary heart disease.

Epidemiological evidence suggests that high consumption of
fish oil (1) and dietary fiber (2) reduces the risk of coronary heart
disease, whereas smoking is associated with a higher incidence
of coronary heart disease (3). Dietary interventions to reduce
cholesterol have been shown to lower the risk of coronary heart
disease and cardiovascular mortality (4).

In contrast to coronary heart disease the relationship between
diet and peripheral arterial disease has not been studied exten-
sively. In a hospital-based case-control study in Greece (5) dietary
intake of saturated fatty acids, proteins, and cholesterol were
associated with increased risk of peripheral arterial disease,
whereas a high intake of polyunsaturated fatty acids and crude
fiber reduced risk. In dietary-intervention studies on patients
with peripheral arterial disease, clinical improvement has been
demonstrated in patients on low-fat, high-fiber diets (6-8). Fish-
oil (eicosapentaenoic acid) supplementation produced a reduc-
tion in blood viscosity (9).

This limited research on diet and peripheral arterial disease
has been conducted only on hospital patients. In this study our
aim was to determine the relationships between diet and a wide
spectrum of peripheral arterial disease in a representative sample
from the general population of men and women aged 55-74 y
surveyed in the Edinburgh Artery Study.

Methods

The Edinburgh Artery Study carried out in 1988 consisted of
a cross-sectional survey of 1592 men and women aged 55-74
v, randomly selected from the age-sex registers of 10 general
practices. These general practices had catchment populations
spread geographically and socioeconomically throughout the city.
The subjects were invited to a university clinic to complete a
questionnaire and have a comprehensive medical examination.
This examination included measurement of the left and right
ankle brachial pressure index (ABPI), which is the ratio of the
ankle systolic pressure to the brachial systolic pressure. The ABPI
is related to the extent of peripheral arterial disease in the general
population (10), low values being indicative of more extensive
disease.

The response rate to the invitation to participate in the study
was 65% and follow-up of a sample of nonresponders did not
show any significant bias in terms of age, sex, smoking, and
extent of peripheral arterial disease. Details of the study popu-
lation, recruitment, and prevalence of peripheral arterial disease
were described previously (11). The questionnaire included val-
idated questions on social class, cardiovascular history, inter-
mittent claudication and angina [World Health Organization
questionnaire (12)], smoking history, and alcohol consump-
tion (13).

In the Edinburgh Artery Study, a version of a food-frequency
questionnaire used in a previous study (14) was used to obtain
nutrient information. This consisted of a list of =60 food items
and respondents were asked to rate the frequency of consumption

' From the Wolfson Unit for Prevention of Peripheral Vascular

Diseases and the Medical Statistics Unit, Department of Public Health
Sciences, University of Edinburgh, and the Department of Dietetics,
Eastern General Hospital, Edinburgh, UK.

2 Supported by the British Heart Foundation.

* Address reprint requests to PT Donnan, Wolfson Unit for Prevention
of Peripheral Vascular Disease, Department of Public Health Sciences,
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Accepted for publication November 24, 1992.

Am J Clin Nutr 1993;57:917-21. Printed in USA. © 1993 American Society for Clinical Nutrition 917
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(rarely/monthly or 1-7 times/wk) for each item. This was com-
pleted by all who attended the clinic, and a nurse was available
to go through the questionnaire if there were any problems of
interpretation. Calculation of energy and nutrient intakes for
individuals was estimated by multiplying the nutrient content
of a typical portion size of the specified food item by the fre-
quency of consumption and summing over all food items. Even
if participants failed to complete all questions, nutrients were
still calculated, provided a response had been given regarding
those foods that are major sources of a specific nutrient. Con-
sequently, some nutrients may have been slightly underesti-
mated.

The study was approved by the National Health Service Loth-
ian Health Board Committee on Ethics of Medical Research.

Statistical methods

The resuits of the food-frequency questionnaire in terms of
nutrients have been expressed as medians along with the upper
and lower quartiles because many of the nutrients had positively
skewed distributions. The Mann-Whitney test was used to com-
pare differences in absolute nutrient intakes between males and
females. In addition, the relationships between the frequency of
consumption of individual foods and peripheral arterial disease
were explored by testing for linear trends in the mean ABPI by
using analysis of variance across the food-frequency categories:
rarely/monthly, 1-3 times/wk, and 4-7 times/wk. These analyses
were carried out for males and females separately and were ad-
justed for age.

Multiple linear regression was used to assess the independence
of associations between dietary factors and the minimum ABPI
of the two limbs, expressed as a continuous outcome. Tests of
sex by nutrient and smoking by nutrient interactions were carried
out. The statistical package BMDP was used for all analyses
(15). The proportion of diabetics, known and positive after a
glucose tolerance test, was small (5.7%) and were excluded from
all regression analyses. Subjects with symptomatic coronary heart
disease were not excluded because this would have also excluded
many subjects with peripheral arterial disease, resulting in a
nonrepresentative sample and a reduction 1n power.

It is important in epidemiological analyses to use measures
of nutrient intake that are independent of total energy intake,
especially whenever energy is related to disease (16). Conse-
quently, energy-adjusted nutrient intakes were obtained from
the residuals of the regression of each of the nutrients with total
energy intake as predictor, applying the usual assumptions of
regression. The residuals were added to the expected nutrient
intake for the mean total energy intake of the population to give
more meaningful measures of nutrient intake. This procedure
gave relatively uncorrelated measures of nutrient intake, allowing
easier interpretation of the results of multiple-linear-regression
models, with the ABPI as a continuous outcome,

Initially, a regression model for each energy-adjusted nutrient
was used to assess the independent association of each dietary
factor from other factors known to be associated with the ABPI,
such as age, sex, height, and cigarette smoking. Height was used
rather than body mass index (BMI) because it was found that
the measurement of the ABPI was related to height, whereas
BMI was not significantly associated with the ABPL. Smoking
history was defined in two ways. First, consumption was esti-
mated in terms of pack-years, which is a measure of the amount
smoked and the number of years as a smoker. A square-root
transformation of pack-years was used in the models to give a

more symmetrical distribution for the analyses. Second, when
interactions with smoking were found, the population was di-
vided into those who had never smoked and those who were
ex-smokers or current smokers (ever smokers).

Finally, a regression model with all the energy-adjusted nu-
trients, allowing for age, sex, height, total energy, and smoking,
was used to assess the independent effect of each nutrient, al-
lowing for all other nutrients in relation to the ABPIL.

Results

The absolute values of nutrient intakes and as a percentage
of energy for men and women in the population of the Edinburgh
Artery Study are shown in Table 1. Most amounts of nutrient
consumption were higher in males, except for vegetable fiber
and vitamin C, which were significantly higher in females. In
addition, females had significantly greater intakes of protein and
polyunsaturated fatty acids as a percentage of total energy com-
pared with males. Table 2 shows the trend in mean ABPI in
females across three categories of frequency of food consumption:
rarely/monthly, 1-3 times/wk, and 4-7 times/wk. There were
significant reductions in mean ABPI in females, with increasing
consumption of low-fiber breakfast cereals, meat pies and pas-
tries, and pork, bacon, and ham, and significant trends in mean
ABPI with increasing frequency of consumption of onions and
biscuits/sweets. Among males there were significant linear re-
ductions in mean ABPI with increasing consumption of white
bread and meat pies and pastries, whereas significant increases
in mean ABPI were associated with increasing consumption of
whole-meal bread, high-fiber breakfast cereals, and pears (Table
3). Increased consumption of lard in males and females was
associated with lower mean ABPIs, but not significantly lower.
Caution should be applied in interpreting these results because
with many tests at the 5% level, 1 in 20 would be expected to
be significant by chance alone. In fact the number of significant
tests is greater than would be expected by chance. The significant
linear trends (Tables 2 and 3) provide stronger evidence of cause
and effect than do the more general tests for association.

In the multiple-linear-regression models with ABPI as a con-
tinuous outcome, the core model consisted of age, height, sex,
smoking, and total energy, to which each energy-adjusted nu-
trient was added separately (Table 4).

Finally, to assess the independent effects of nutrients, all nu-
trients were added simultaneously to this core model. The results
for the nutrients did not differ greatly for these two procedures,
the main difference being that cereal fiber in males was less sig-
nificant (Table 4) when other nutrients were not adjusted for
compared with when all nutrients were simultaneously adjusted
for (Table 5).

For the variables in the core model (Table 5) there were sig-
nificant relationships between the ABPI and age (P < 0.001),
height (P = 0.08), and smoking (ever vs never, P < 0.001). Sex
(P =0.71) and total energy intake were also added to this model
(P = 0.69).

The energy-adjusted intake of alcohol had the strongest as-
sociation with the ABPI, and a significant interaction with sex
was found in the regression analysis at the 10% level. Alcohol
was positively associated with the ABPI in males (P = 0.04)
when all vanables were adjusted for (Table 5), whereas there
was no significant association in females. Similarly, cereal fiber
intake had a significant interaction with sex (P = 0.05) and was
significantly related to the ABPI in males (P = 0.02) but not in
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TABLE |

Medians and upper and lower quartiles of absolute nutrient intake and as a percentage of energy in males and females aged 55-74 y in the

Edinburgh Artery Study

Females (n = 783)

Males (n = 809)

Lower Upper Lower Upper
Median quartiles quartiles Median quartiles quartiles
Total energy (kJ) 7425 6245 8748 8538* 7245 10 250
Total fat (% energy) 38.1 34.4 42.0 38.0 336 44.6
Carbohydrate (% energy) 44.2 40.3 47.8 45.2* 41.5 49.5
Protein (% energy) 17.4 15.9 19.1 16.8* 15.5 18.3
Saturated fatty acids (% energy) 16.5 14.0 19.5 16.2 13.9 18.8
Polyunsaturated fatty acids
(% energy) 4.9 37 6.7 4.5% 3.5 6.4
P:S% 0.31 0.20 0.46 0.30 0.19 0.44
Alcohol (g) 152 0.0 6.2 9.5* 1.2 21.9
Cereal fiber (g) 8.9 6.2 12.8 9.7* 6.9 14.0
Vegetable fiber (g) 12.2 9.5 15.0 10.5*% 7.8 139
Vitamin C (mg) 63.5 46.3 85.4 48.3* 35.0 67.5
Cholesterol (mg) 309.4 238.2 396.4 328.2* 258.8 433.6
Retinol (ug) 646.7 404.6 956.9 657.9 427.3 985.3
B-Carotene (mg) 33 1.8 5.8 33 1.8 4.8
a-Tocopherol (mg) 8.1 6.1 12.2 8.2 6.1 12.7
Linoleic acid (g) 7.2 5.1 11.7 7.7§ 5.4 11.9

*1§ Significantly different from females (Mann-Whitney test): *P < 0.001, 1P < 0.01, §P < 0.05.

1 Ratio of polyunsaturated to saturated fatty acids.

females. A highly significant interaction (P = 0.006) was found
between vitamin C and smoking (ever vs never). In ex-smokers
and current smokers vitamin C was significantly related to the
ABPI (P = 0.006) but this association was not significant in
lifelong nonsmokers (Table 5). There were no other significant
sex-by-nutrient or smoking-by-nutrient interactions. Finally, a-
tocopherol (vitamin E) intake was significantly associated (P
= (.04) with an increase in the ABPI, after adjustment for all
variables. Vegetable fiber and §-carotene were univariately re-
lated to high ABPIs (P < 0.1), although not significantly so. In
the multiple-regression analysis these along with the other non-
significant nutrients were not independently related to the ABPL

Discussion

Although food-frequency questionnaires have often been used
in epidemiological studies of cardiovascular disease, few vali-
dation studies have been carried out. Nevertheless, those few
attempts at validation (17, 18) on questionnaires similar to the
one used in the present study have shown reasonable agreement
between nutrient intakes, especially when expressed as a per-
centage of total energy, derived from food-frequency question-
naires and weighed intake. In particular, good agreement has
been shown for alcohol, when expressed as a percentage of total
energy.

TABLE 2
Age-adjusted ankle brachial pressure index, by frequency of individual food consumption in females in the Edinburgh Artery Study*
Rarely/monthly 1-3/wk 4-7/wk Pt

White bread 1.00 £ 0.01 1.01 £ 0.02 1.01 = 0.01 0.91
Whole-meal bread 1.01 = 0.01 1.01 £ 0.01 1.01 £ 0.01 0.93
Low-fiber breakfast cereals (eg, porridge) 1.02 £ 0.01 0.98 = 0.02 0.98 = 0.02 0.04
High-fiber breakfast cereals (eg, bran flakes) 1.01 = 0.01 1.01 £ 0:03 1.01 £ 0.02 0.75
Pork, bacon, ham 1.03 £ 0.01 1.00 £ 0.01 0.94 = 0.03 0.002
Meat pies and pastries 1.01 = 0.01 0.98 = 0.01 0.84 £ 0.24 0.03
Kipper, herrings, tuna, mackere! 1.02 = 0.01 1.00 = 0.01 0.94 £+ 0.06 0.06
Carrots 0.99 + 0.02 1.02 £ 0.01 0.99 = 0.01 0.71
Onions (raw, cooked) 1.00 £ 0.01 1.00 = 0.01 1.03 = 0.0! 0.04
Sweets, biscuits, jellies, etc 0.99 + 0.01 1.01 £ 0.01 1.04 £ 0.01 0.002
Lard, drippings, solid vegetable oil 1.01 = 0.01 1.00 + 0.0 0.97 + 0.04 0.09
Apples 0.99 = 0.01 0.99 + 0.01 1.03 = 0.01 0.11
Pears 1.01 = 0.01 1.01 = 0.01 1.02 £ 0.03 0.46

* X+ SE:n=783.
1 Linear trend.
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TABLE 3
Age-adjusted ankle brachial pressure index, by frequency of individual food consumption in males in the Edinburgh Artery Study*
Rarely/monthly 1-3/wk 4-7/wk Pt

White bread 1.08 £ 0.01 1.05 = 0.02 1.04 = 0.01 0.0008
Whole-meal bread 1.05 £ 0.01 1.08 +0.02 1.07 £ 0.01 0.03
Low-fiber breakfast cereals (eg, porridge) 1.06 £ 0.01 1.04 + 0.02 1.06 + 0.02 0.97
High-fiber breakfast cereals (eg, bran flakes) 1.05 + 0.01 1.08 £ 0.03 1.10 £ 0.02 0.02
Pork, bacon, ham 1.05 + 0.01 1.05 + 0.01 1.06 + 0.03 0.80
Meat pies and pastries 1.07 = 0.01 1.04 = 0.01 1.05 £ 0.07 0.03
Kipper, herrings, tuna, mackerel 1.05 = 0.01 1.04 = 0.01 0.99 = 0.09 0.29
Carrots 1.03 = 0.02 1.05 £ 0.01 1.07 = 0.01 0.07
Onions (raw, cooked) 1.04 = 0.01 1.06 = 0.01 1.08 = 0.02 0.08
Sweets, biscuits, jellies, etc 1.05 £ 0.01 1.06 + 0.0] 1.07 + 0.01 0.22
Lard, drippings, solid vegetable oil 1.07 = 0.01 1.04 = 0.01 1.04 £ 0.03 0.06
Apples 1.05 = 0.01 1.05 £ 0.01 1.08 = 0.01 0.14
Pears 1.05 = 0.01 1.08 = 0.01 1.13 £ 0.03 0.004

* X = SE; n = 809.
t Linear trend.

There were many cases (n = 297) of symptomatic coronary
heart disease in the study sample, which if excluded would have
also excluded many subjects with peripheral arterial disease. We
included all cases of pernipheral arterial disease in the analysis,
thus our results are representative of the general population.
Exclusion of cases of symptomatic coronary heart disease would
also unduly reduce the power to detect dietary associations with
the ABPL

The total energy intake and nutrient intakes (Table 1) in males
were slightly lower than might be expected from a previous survey
in Edinburgh (19), although time trends in consumption indicate
some consistency with this finding (20). The exception to

TABLE 4

Multiple linear regressions of age, sex, height, smoking, total energy,
and each energy-adjusted nutrient separately on the ankle brachial
pressure index (ABPI) in the Edinburgh Artery Study*

Energy-adjusted nutrients (+1 unit) Valuet P

Vitamin C

Never smoked —0.02 (0.03) 0.53

Ever smoked 0.08 (0.02) 0.0004
Cereal fiber (In)

Males 2.43 (1.40) 0.08

Females 0.37 (1.40) 0.79
Alcohol (In)

Males 1.00 (0.48) 0.04

Females 0.02 (0.59) 0.97
Retinol (In) 0.10 (0.82) 0.90
a-Tocopherol (In) 1.85 (0.97) 0.05
B-Carotene (In) 0.69 (0.54) 0.20
Carbohydrate (In) -0.02 (0.01) 0.17
Vegetable fiber 0.16 (0.11) 0.14
Protein (In) 0.13 (3.26) 0.97
Saturated fatty acid (In) 1.96 (1.90) 0.30
Polyunsaturated fatty acid (In) 0.48 (1.15) 0.67
Linoleic acid (In) 0.48 (0.99) 0.63

* In, Natural logarithm. Diabetics excluded from the analysis. n =
1501.

+ Change in ABPI X 100; SEE in parentheses. Adjusted for age, sex,
height, smoking, and total energy.

the general decrease is a slight increase in cereal fiber in the
Edinburgh Artery Study. However, comparisons are difficult be-
cause the Edinburgh Artery Study population is older.

When the frequencies of consumption of individual foods were
considered, low ABPI was significantly associated with high fre-
quency of consumption of low-fiber—containing foods (white
bread in males, low-fiber breakfast cereals in females) and high
frequency of consumption of meat and meat products in both

TABLE 5

Mulitiple linear regression of age, sex, height, smoking, total energy,
and all energy-adjusted nutrients simultaneously on the ankle brachial
pressure index (ABPI) in the Edinburgh Artery Study*

Valuet P
Sex (1 = female; 2 = male) —-1.91 (5.19) 0.71
Age (+10 y) —4.87 (0.83) < 0.001
Height (+10 cm) 1.21 (0.70) 0.08
Cigarette smoking (ever vs never) —14.10 (2.64) < 0.001
Total energy intake (+1000 kJ) 0.31 (0.79) 0.69
Energy-adjusted nutrients (+1 unit)
Vitamin C
Never smoked —0.02 (0.03) 0.57
Ever smoked 0.07 (0.03) 0.006
Cereal fiber (In)
Males 3.79 (1.61) 0.02
Females 1.10 (1.52) 0.47
Alcohol (In)
Males 1.22 (0.59) 0.04
Females 0.05 (0.63) 0.94
Retinol (In) —0.79 (0.98) 0.42
a-Tocopherol (In) 4.27(2.17) 0.04
g-Carotene (In) 0.24 (0.69) 0.73
Carbohydrate (In) —-0.02 (0.02) 0.50
Vegetable fiber 0.01 (0.17) 0.95
Protein (In) —1.66 (3.96) 0.67
Saturated fatty acid (In) 2.42(3.13) 0.44
Polyunsaturated fatty acid (In) —2.64 (8.62) 0.76
Linoleic acid (In) —1.48 (7.76) 0.85

* In, natural logarithm; diabetics excluded from the analysis. n = 1501.
t Change in ABPI x 100; SEE in parentheses.
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males and females. The significant tests for trend indicate a dose-
response relationship and provide strong evidence of cause and
effect. The results are consistent with the general consensus con-
cerning a healthy diet, ie, high fiber intake and a low intake of
saturated fatty acids.

The relationships found between the frequency of consump-
tion of individual foods, especially those containing fiber, and
the ABPI were also reflected in the relationships between the
calculated nutrient intakes and the ABPI in the regression anal-
yses. In a multiple linear regression model, high intake of cereal
fiber in males was significantly associated with high ABPlIs, in-
dependent of smoking. This finding was consistent with the re-
cent case-control study in Greece, in which it was found that a
significant relationship existed between intake of crude fiber,
which presumably included cereal fiber, and peripheral arterial
disease, independently of smoking (5). In addition, in the
Edinburgh Artery Study alcohol intake in males was associated
with an increase in the ABPL. Alcohol intake in males was sig-
nificantly higher than in females, and it is possible that this effect
was mediated through recreational and sporting activity rather
than a direct effect of alcohol, although there is some evidence
that high wine consumption may be beneficial for coronary heart
disease (21).

Food supplements contribute to the intake of nutrients, es-
pecially vitamin intake. Although this was not measured in the
present study, a British survey (22) suggests that the frequency
of food supplementation is low: 16% in the age range 50-64 y
compared with that in the United States (23), 21%-40% in the
age range 55-74 y. Thus our measures of vitamin intake may
be underestimated, but despite this we still found significant
relationships between ABPI and vitamin intake.

It is interesting that dietary a-tocopherol intake had a signif-
icantly positive effect on the ABPI (P = 0.04), independently of
smoking. This finding is consistent with population studies in
which a low plasma vitamin E concentration was correlated with
ischemic heart disease (24) and angina (25). The association of
dietary a-tocopherol intake and the ABPI occurred despite the
fact that vitamin E measures derived from food-frequency ques-
tionnaires are not as accurate as blood measures (24). The other
main dietary antioxidant, vitamin C, which is also thought to
be related to atherosclerosis, showed some positive relationship
to the ABPI, but this was only significant for those who had ever
smoked. Nonsmokers already had significantly higher ABPls
and dietary vitamin C intake than did smokers; thus a high
intake of vitamin C would have little effect in nonsmokers. By
contrast, high dietary vitamin C intake may partly compensate
for the reduction of vitamin C through smoking, although never
reaching the amounts in nonsmokers. Hence, smoking re-
mained one of the strongest risk factors for peripheral arterial
disease. n

We are grateful to the general practitioners who collaborated in the
study, and to Elizabeth Cawood, Margaret Apps, Janet Dunbar, Eileen
Kerracher, Anna Rattray, and Felicity Smith for collecting the data.
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Fibrinogen genotype and risk of peripheral
atherosclerosis

F.G.R.FOWKES J.M.CoONNOR F.B.SMITH J. WooD
P. T.DonNAN G.D. O. Lowe

There is conflicting evidence about the influence
of fibrinogen genotype on plasma fibrinogen
concentrations, and the relation between genotype
and atherosclerotic disease has not been studied. In
a population-based case-control study we aimed to
find out whether certain fibrinogen genotypes are
associated with an increased risk of peripheral
atherosclerosis.

121 subjects with peripheral arterial disease and
126 heaithy controls matched for age and sex were
selected from a random population sample aged
55-74 years in the Edinburgh Artery Study. Mean
fibrinogen concentrations were higher in cases than
in controis (3-12 [95% confidence interval 2-99-
3:26] vs 2-75 [2-64-2-85], p<0-001). A greater
proportion of cases than controls were
homozygous or heterozygous for an alleie at the
fibrinogen locus (4-2 kb allele, B¢/ | digestion); the
allele frequency was 0:197 in cases and 0:097 in
controls (p<0-005). Extended haplotypes for 4-2
kb heterozygotes were also associated with an
increased risk of peripheral arterial disease.
However, haplotype had only a small effect on the
association of plasma fibrinogen concentration
with disease, and the relation of hapiotype with
disease was independent of age, sex, social class,

smoking status, plasma fibrinogen. alcohol
consumption, body mass index. and diabetes
mellitus.

We conclude that variation at the B fibrinogen
locus is associated with an increased risk of
peripheral atherosclerosis. The influence is not
mediated simply by way of increased fibrinogen
concentrations but could be due to a structurally

variant fibrinogen or linkage disequilibrium with a

neighbouring gene.
Lancet 1992; 339: 693-96.

Introduction

Fibrinogen concentration in the blood is believed to be
important in the pathogenesis of atherosclerosis. High
plasma concentrarions are associated with increased risks of
ischaemic heart disease,!, stroke,'™ and arterial disease in
the legs.*” In populaton surveys, cigarette smoking has
been related to fibrinogen concentratons,*'? and after
smoking cessation the concentration falls.'* Other factors
that may influence fibrinogen concentrations include age,
social class. obesity, serum cholesterol, diabetes mellitus,
alcohol consumpuon, intake of cereal fibre, use of oral
contraceptves. and the menopause. *3911-15

Arenoon has focused lately on the extent to which
fibrinogen concenrradons are genetically determined. There
are conflicting results: variadon at the f fibrinogen locus
related to fibrinogen concentratons was seen in selected
populiadons in the UK"+7 but not in Norway.'® These
studies, however. did not include the reladon berween
fibrinogen genotvpe and atherosclerotic disease. We aimed,
in this study, 1o find out the extent to which fibrinogen
genotypes are associated with an increased risk of peripheral

ADDRESSES: Wolfson Unit for Prevention of Peripheral Vascular
Diseases, Department of Public Health Sciences. University of
Edinburgh (F G 3 Fowkes, FRCPE, F. B. Smith, P. T. Donnan, MSc),
University Department of Medical Genetics. Duncan Guthrie
Institute. and Laboratory for Molecular Medicine, Western
Infirmary. Glasgow (Prof J. M. Connor. FRCP. J. Wood, MSe): and
Department of Moedicine. University of Glasgow. Royal
Infirmary, Glasgow. UK (G. D. O. Lowe, FRCP). Comespondence to
Or F. G. R. Fowkes. Wolfson Unit for Prevennon of Peripheral Vascular
Diseases, Department of Public Heaith Sciences, University of Edinburgh,
Tewiot Place. Edinburgh EHB 9AG, UK.
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arterial disease, taking account of cigarette smoking and
other cultural factors.

Subjects and methods

The design was a population-based case-control study. Cases and
controis were selected from the 1988 Edinburgh Artery Study, a
cross-sectional survey of peripheral arterial disease in the leg. Men
and women aged 55-74 vears were randomly selected from the
registers of ten general practices. 1592 (65% response) artended for
a clinical examinadon. Follow-up of a random sample of non-
responders revealed no substandal bias. The severity of peripneral
arterial disease was assessed by means of the World Health
Organisation questionnaire on intermitrent claudication,'® the ankle
brachial pressure index (ABPI), and a reactive hyperaemia test. A
history of angina and myocardial infarcion was taken,'® and a
12-lead resung electrocardiogram (ECG; Minnesora coded) was
done.* Social class was coded according to the method of the
Registrar General.** The subjects were asked abour alcohol
consumpton, and height, weight, and glucose rtolerance were
measured. Further details have been published elsewhere.=

153 subjects were classified as cases, defined as having ABPI of
0-7 or below, hyperaemic reduction in ankle pressure of at least
35%, or o or more of the following—intermirtent claudicaton,
ABPI of 09 or lower, and hyperaemic reduction in ankle pressure of
at least 20%. The cut-off points were based on validity studies in
hospital patients.** Subsequent duplex scanning of subsampies of
the cases and controls confirmed the validity.* Exclusion criteria
were pain at rest, gangrene, ulcer, or previous arterial surgery.

The conmols met none of the inclusion criteria and had no
evidence of angina pectoris, previous myocardial infarcton. or
ischaemia on ECG. They were matched to the cases by sex and by
5-year age bands. They were not marched for smoking history,
which was elicited by questonnaire and correlated with thiocvanate
concentrations measured in the community survey.

The cases and controls were invited in March, 1989, 1o artend 2
clinic at the University Health Centre, Edinburgh. Non-responders
were reminded by a second letter and by telephone. Subjects unable
to travel but willing to take part were visited at home. Subjects
completed a questonnaire on medical history, current smoking
status, and medication. After the subject had rested supine for
5 min, blood was sampled from the antecubiral vein withour stasis.

Plasma fibrinogen was assayed by a cloming method (modified
Clauss assay with a ‘Coag-A-mate’ coagulometer and Organon
Teknika reagents and standards: Organon Teknika, Cambnidee,
UK} and by heat precipitation with a nephelometric method.?
Plasma glucose was measured on a Cobas-Bio autoanalvser :Roche
Products, Welwvn Garden Cirty, UK). DNA was extracted from
white blood cells and digested with appropriate restriction enzymes.
DNA fragments were separated by electrophoresis in 0-8% agarose
geis and wansferred to a DNA binding filter (‘Hybond-N’,
Amersham) by Southemn blorung. Hybridisaton was carnied out
under standard condidons.* Autoradiographs were developed at
—70°C with Kodak ‘Exomart’ films and super-rapid intensirving
screens for 1-7 days. The probes used were cDNAs for the aipha
(pFAI", bera (pFB5), and gamma (pFG1) fibrinogen loc. which
detect polvmorphic fragments of 2-4 kb and 16 kb (Tag I', 5-3 kb
and 4-2 kb (Bcl 1), and 14 kb and 11 kb (Kpn 1/ Sac I), respectivelv.

Dara were analysed on the University of Edinburgh maintrame
computer with the BMDP stadstcal package.® Subjects were

TABLE I—PLASMA FIBRINOGEN AND CIGARETTE SMOKING

| Cases Controis
— | (n=121) (n=126) o]
Mean fibrinogen
concentration (g/i)* !

Clotting method 1312 (2:99-3-26) | 275 (2-64=2:85) | < 0-001

Nephelometric method | $+48 (4-31-465) | 391 (3-74—406)! <001
Cigarerte smoking {

% current smokers H | 20 i

% ex-smokers 2 ‘ 30 | k <0001

% non-smokers 14 50 3.

Mean \/pack years (SE) | 482(022) | 204(0:20) <0001

*95% confidence interval in parentheses.

TABLE II—FIBRINOGEN GENOTYPE AND HAPLOTYPES

Cases | Controls |
— (n=115) | (n=120) - T 41
Genotype x |
2424 56 59 . !
2416 4 | 32 |rour
14616 4 9 |
Genotype p |
3353 65 82 ‘L !
3342 31 18 F001
$242 4 i &
Genotype 1 i ;
1111 & 1m0
1411 37 ! 33 i # 037
1414 4 i 8 | |
Haplotype | L |
1:22-4:2-4; B5-3/5-3; v11/11 32 e Sa R i 018
2:32-411-6; B5-3/5-3; v14/11 29 ; 36 bl - 056
3124/24; B53/42 71111 | 24 19 | 1030
FRHI6GESISHVIUL | 7 i 5 (bo014 | 047
5:32-4/1-6; B5-3/4-2; v14/11 | 14 ] 1 003
6:21+6/1-6; B5-3/5-3; y14/14 | 5 4 10 : 027
Others R T | 073
*Signifi of overall genotvpe/haplotype and penpheral
anenal disease.
*Signify of diff b each hapiotype and every other hapiotvpe.

ciassified as current smokers, ex-smokers (<5 years), or non-
smokers; life-ime consumption in pack years was also studied
because It is aiso associared with the risk of disease.”” The square
root of pack years was used, so as to reduce the influence of a few
very heavy smokers. Diabetc stamus was classified by WHO
criteria.=® Alcohol consumption was analysed separately for men
and women. Dummy variables were created to assess the association
with disease of each haplotype in relanon to the commonest
hapiotype. Multiple logistic regression on peripheral arterial disease
was used to determine the independent effect of each factor on the
odds of disease in relation to fibrinogen concentration. The logistc
regressions were adjusted for age and sex. ™

Resuits

121 cases and 126 controls of 153 selected in each group
took part in the study (overall response rate 81%). In neither
group did responders differ from the subjects selected in
age, sex, smoking status, frequency of intermirtent
claudicadon, or mean ABPI. The mean age of cases and
conwols was the same (67 vears) and there were
approximately equal numbers in each group of men and
women. Among the cases, 21% had claudicanon and the
mean ABPI was 0-7.

Mean fibrinogen concentrations were significantly higher
in subjects with peripheral arteriai disease than in controls
‘able 1;. Significantly more of the cases than of the controls
had ever soked (table I). Alcohol consumption was lower
in cases than in controls (median 2-0 vs 4-0 units per week:
p=0-06). There was no difference berween the groups in
bodv mass index or frequency of diabetes mellitus (both
p=0-7). The social-class distributon differed slightly; there
were fewer cases than controls in classes I and II and more
cases than controls in classes [1I-V (p=0-07).

The genotype frequencies among the 247 subjects were
compared with those predicted from the Hardy-Weinberg
equilibrium; no significant differences were found. The
frequencies of allele combinadons at the =, B, and v
fibrinogen loci in cases and controis are shown in table I1.
There were significant excesses (p <U0-01) at the B locus of
cases compared with controls heterozygous or homozygous
for 4-2 kb bur no significant differences berween cases and
conwols in allele combinadons at the o and y loc.
Frequencies of the individual alleles at the B locus reflected
differences in allelic combinadons; there were highly
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TABLE lII—UNIVARIATE AND MULTIVARIATE REGRESSIONS OF
FIBRINOGEN HAPLOTYPES, CIGARETTE SMOKING, AND PLASMA
FIBRINOGEN WITH PERIPHERAL ARTERIAL DISEASE

| 0Odds ratio (95% CI)
| of peripheral artenal disease
i

—_ Univariate | Muitivariate
Haplotype (compared with {
type 1) ! :
Tvpe 2 | 110522 1'1°0-42-T
Type 3 | 2301054t 4101-3-12-4)2
Type ¢ I 21(04-80) | 2305109
Types | 48121900 | 76(1:5-59-13
Type6 [ 05(01-80) | 0300117
Cigarette smoking™ | |
J/pack vears {4325, 72)" ‘ 45(2:4,82)*
Current smokers | 09(03,23) | 13(04.39
Ex-smokers | 06(02,22) | 06(0-1.2:4)
Fibrinagen (+0-2 g/l) | 1482(1-38,2-41) | 1-52/1-08,2-14)¢

All analyses adjusted for sex and age group.

*Change in pack years is one unit on square root scale: cumment ana ex-smokers < 5
years are compared with non-smokers and are adjusted for pack years.

Tp<010: 1p<0-05 *p<0-001

significant (p<0-005) differences berween cases and
controls in the frequencies of the 5-3 kb (0-802 s 0-903) and
4-2 kb (0-197 vs 0-097) alleles.

Variation at the § locus was also shown in the haplotype
analysis; types 3 and 5 were more common in cases than in
controls, although the difference in type 3 was small and not
significant (p =0-3). A finding of one significant difference
(type 3, p=0-03) is more than would be expected by chance
with multple tests. Overall, the haplotype dismributon
among cases and conwmols did not differ significanty
(p=0-14), but the differences berween tvpe 3 or type 5 and
type 1 were sufficient to be associated in univariate anaiysis
with an increased risk of disease (table II1).

To examine the reladon berween fibrinogen
concentrations and vascular disease, concentratons
measured by the cloming method were chosen for further
analvsis. An increase in fibrinogen concentraton of 0-2 g'l
was associated with an odds rato of disease ot 1-82 (table I11).
Cigarerte smoking, adjusted for lifeime consumpdon in
pack vears, current smoking, and ex-smoking, reduced the
odds ratoto 168 (p < 0-01). Adjustnent for haplotvpe alone
had lirtde effect on the odds rado for fibrinogen (177,
p <0-001). This limited effect may have been related party
to the lower prevalence of smoking in subjects with tvpe 3
haplotvpe than in the whole study sample (50% vs 63% ever
smoked). With adjustnent for both smoking and hapiorype.
the odds rado for fibrinogen fell to 1-32. bur it was snll
significant (table 111). The odds rados afer separate
adjustment for bodv mass index, diabetes meilitus. and
alcohol consumpton were 1-80, 1-79,and 176, respecuveiy,
with no change in significance. Social class had a stronger
effect, lowering the odds rado to 1-70, but it was related to
social-class differences in cigarette smoking.

The factors significanty associated with peripheral
arterial disease (haplotype, cigareme smoking, and
fibrinogen concentration) were included in a muldvariate
analysis (table 111); both haplotype and cigarette smoking
retained significant associations with disease independently
of fibrinogen concentranon. Inclusion of sociai class, alcohoi
consumption, body mass index, and diabetes meilitus had
litle effect; none of the larter factors was associated
independently with disease.

Discussion

The influence of fibrinogen genotype on plasma
fibrinogen concentratons in the general populadon is not

well esmblished. In a UK study of three restriction-
fragment length polymorphisms,!® the strongest association
of fibrinogen concentrations was with polymorphism
detected by means of the p-fibrinogen probe and Bc/ 1.
Genetic variation at the fibrinogen locus accounted for 15%
of total phenotypic variance in fibrinogen concenrration. In
a larger subsequent study, variatdon in the promoter region
of the p gene {Hae 111 polymorphism) explained 3:1% of
variance in fibrinogen concentrations.!” By contrast, a study
in Norway'® found no associadon berween plasma
fibrinogen concentratdons and genotype in WO
polvmorphisms (at the 2 and B loci). We too have found in
the whole population of our study that polymorphisms at the
2, B, and v lod are not significantly related to fibrinogen
concentragons.*® Furthermore, estumates of the herimability
of plasma fibrinogen concentrations have varied from 27%®
0 51%.*

We have examined the possible influence of fibrinogen
genotype on the risk of atherosclerotic disease. The main
finding was that at the fibrinogen B locus the 4-2kb allele was
over-represented in cases compared with controls. Variation
at the P fibrinogen locus might well affect fibrinogen
concentrations, because the f§ gene controls formation of the
Bp chain, the rate-limiting step in fibrinogen synthesis.
Interestngly, however, the higher odds of disease related to
B-locus genotvpe seemed not 1o be atriburable solely to the
present plasma fibrinogen concentrations; they were also
independent of other likely factors. The fact that the
association berween genotype and disease was not strong is
not surprising, because atherosclerosis is a heterogeneous
ait influenced by many environmental and genetic factors.
The associadon may also have been affected by variadon in
the measurement of fibrinogen concentraton.

Berg and Kieruif have pointed our!® that genes may be
important in causing disease without having any direct effect
on the extent of a risk factor. The significant effect of
fibrinogen haplotype on disease was remained after
adjustment for fibrinogen concentration: thus there may be
a mechamism of pathogenesis other than the effect of
haplotvpe on fibrinogen. The polymorphic variant might be
in a linkage disequilibrium with a mutadon within the
fibrinogen gene or a neighbouring gene thart has a direct role
in atherogenesis. Mutadons in the 3 fibrinogen locus could
produce a protein with abnormal physicochemical
characteristics and hence increased atherogenic potendal.
Also, there might be mechanisms by which genes can help to
set the framework for lifestvie and cultural characteristics to
cause variagons in risk factors. We noted, for example, a
slight but unexplained reladon berween hapiotvpe and
smoking, although this may have been a chance finding. The
association berween fibrinogen genotvpe and atherosclerosis
needs to be invesogated in different populatons, and the
interacton with other risk factors should be analysed.

This study was supported by the Brinish Heart Foundanon. We thank Prof

Steve Humphnes (Chaning Cross Sunley R ch | London) for
zDNA probes for the 2. 5, and v fibrinogen genes.
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Voluntary dehydration and heat intolerance in
cystic fibrosis

ODED BAR-OR CAMERON J. R.BLIMKIE JOHN A. Hay
J. DUNCAN MACDOUGALL DIANNE S. WARD WILLIAM M. WILSON

Although exercise may be beneficial in cystic
fibrosis (CF), patients’ low tolerance to climatic heat
stress means that physical exertion can increase
morbidity and mortality. We postulated that the high
salt content of CF patients’ sweat and the
conseguent absence of body-fluid hyperosmoiality
during a long episode of sweating might deprive
such patients of a thirst stimulus.

Eight children with CF (four boys, four girls; aged
9-5-14-1 years) and eight controls, matched for age
and sex, attended two randomly ordered sessions of
exercise (cycling) in a chamber at 31-33°C, reiative
humidity 43—47%. 20 min bouts of exercise (at 45%
of predetermined maximum oxygen uptake) were
interspersed with 25 min rest periods. At one session.
chilled water was given every 15-20 min to replace
fluid lost; at the other, drinking was guided by the
child’s thirst. At the thirst-guided session, CF patients
drank much less than the controls did (0-80% vs
1-73% initial body weight) and lost twice as much
fluid (1-57% vs 0:78% initial body weight). The
recovery of heart rate after exercise was slower in CF
patients, but there were no other signs of heat strain.

The groups did not differ in any variable during the
forced drinking session.

We conclude that children with CF underestimate
their fluid needs and undergo excessive dehydration
during extended exposure to hot conditions.

Lancet 1992; 339: 696-39

Introduction

Interest in exercise prescription for padents with cvstc
fibrosis (CF) has increased during the past few vears.' * but
physical exerton has two potentally derrimental effects in
CF: arterial oxygen desaturadon, mostly in padents with
advanced disease during high-intensity exercise;' and low
tolerance to climadc hear stress, which increases morbidity
and mortality.** No deficiency in the ability of CF panents
to dissipate heat during exercise in hot conditions has been

ADDRESSES: Children’s Exercise and Nutrition Centre.
Department of Pediatrics (Prof O. Bar-Or, MD. J. A. Hay. PhD. D S
Ward. PhD); Laboratory of Human Physiology, School of Physical
Education (C. J. R. Blimkie, PhD, Prof J. D. MacDougall. PhD); ana
Cystic Fibrosis Clinic (Prof W. M. Wilson, MD), McMaster
University and Chedoke-McMaster Hospitals, Hamiiton.
Ontario, Canada. Comespondence to Prof Oded Bar-Or, Chilaren's
Exercise and Nutntion Centre. Evel 4, Chedoke Hospital Diwvision,
Hamilton. Ontano, L8N 3Z5, Canada.
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Genetic variation at fibrinogen loci and plasma

fibrinogen levels

J M Connor, F G R Fowkes, ] Wood, F B Smith, P T Donnan, G D O Lowe

Abstract

In view of the controversy regarding gen-
etic variation at the fibrinogen loci and
plasma fibrinogen levels, we have ana-
lysed DNA polymorphisms at the alpha
(Taql), beta (Bcll and Haelll), and
gamma (Kpnl/Sacl) fibrinogen loci in 247
subjects whose plasma fibrinogen was
determined by clotting and nephelo-
metric assays. Strong linkage disequilib-
rium was found between the alpha/Tagl
and gamma/Kpnlf{Sacl markers and
between the beta/Bcll and beta/Haelll
markers. A lesser association was found
between the alpha/Tagql and beta/Bcil
loci, betafBcll and gamma/Kpnl/Sacl
markers, alpha/Tagl and beta/Haelll
markers, and the gamma/Kpnl/Sacl and
beta/Haelll markers. This is consistent
with the known physical order of these
loci and suggests a relative excess of
recombination in the alpha/gamma to
beta interval. Plasma fibrinogen levels,
by either assay method, when corrected
or uncorrected for age, sex, and smoking
habit, did not show any statistically signi-
ficant associations with the four fibrino-
gen polymorphisms examined at the
alpha, beta, and gamma fibrinogen loci
either singly or when analysed as a haplo-

type.

Plasma levels of fibrinogen rise acutely in
response to infection, injury, or other trauma
and in population surveys are associated with
age, smoking, obesity, cholesterol, alcohol, and
the menopause.! Raised levels of fibrinogen
have been a consistent risk factor for athero-
sclerosis and this has led to studies to see if
plasma levels of fibrinogen are influenced
bv genetic variation at the fibrinogen loci.
Humpbhries et al? performed DNA analysis for
the fibrinogen alpha and beta loci on 91
healthy English subjects and concluded that
genetic variation at these loci accounted for
15% of the total variance. In contrast, Berg
and Kierulf® could detect no association in 118
Norwegian subjects between levels of plasma
fibrinogen and the fibrinogen alpha and beta
genotypes. More recently, Thomas et al' ana-
lysed the Haelll polymorphism at the 5 end
of the beta fibrinogen gene in 292 healthy
subjects and found a significant association
with fibrinogen levels which explained 3-1% of
the variance. We therefore undertook clotting
and nephelometric plasma fibrinogen assavs
and analysis of polymorphic variation at the
fibrinogen gamma locus in addition to poly-
morphisms at the alpha and beta loci in 247

subjects to help understand the role of geneti
variation at the fibrinogen loci in dcterrmina
tion of plasma fibrinogen levels. :

Subjects and methods
The subjects (121 cases and 126 age and se
matched controls) were recruited from th
1988 Edinburgh Artery Study for a case-con
trol study of peripheral arterial disease.” Afte
five minutes rest in the supine position,
specimen of venous blood was obtained fron
the antecubital vein usually without stasis. Ir
the laboratory, fibrinogen was assayed using
two methods: firstly, a clotting method (modi
fied Clauss assay using a Coag-A-Mate X!
coagulometer and reagents and standards fron
Organon Teknika) and, secondly, heat precip
itation by a nephelometric method.®* DNA wa
extracted from white blood cells and digestec
with the appropriate restriction enzyme. DN/
fragments were then separated by electrophor:
esis in 0-8% agarose gels and transferred to :
DNA binding filter (Hybond-N, Amersham
by Southern blotting. Hybridisation was per-
formed with P labelled probes in 2 x Den:
hardts, 4-5 x SSC, 0-1% SDS, 6% w/v PEG a
65°C overnight followed by several high strin-
gency washes in 1 to 0-05 x SSC/0:1% SDS a
65°C. Autoradiographs were developed al
—70°C using Kodak Exomat films and intensi-
fying screens for one to seven days. The probe:
used were all cDNAs, pAF1 (alpha), pFBS
(beta), and pFG1 (gamma) which detect poly-
morphic fragments of 2-4 kb and 1-6 kb ( T'agl).
5-3kb and 4-2 kb (Bcll), and 14 kb and 11kt
(Kpnl/Sacl) respectively (appropriate restric-
tion enzymes indicated in parentheses in each
instance). The Haelll/beta polymorphism
(alleles of 958 bp/575 bp + 383 bp) was shown
after PCR amplification and DNA digestion.*
Gene frequencies were calculated by gene
counting. %2 analysis using Yates's correction
was applied for comparison of allele frequen-
cies, the standardised disequilibrium cocffi-
cients (delta values) were calculated according
to Chakravarti et al,” and probability values
were calculated according to Fisher's exact
probabilitics. As the fibrinogen concentrations
measured by the clotting method were posit-
ively skewed, a logarithmic transformation was
used, yielding geometric means and their
confidence intervals as summary measures.
Fibrinogen levels were adjusted by age, sex,
and cumulative smoking using multiple linear
regression. Cumulative smoking was ex-
pressed in terms of packyears: the average
number of packs of cigarettes smoked per
day X number of years as a smoker. One way
analysis of variance was carried out on the
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Table I Mean fibrinogen values adjusted for age, sex, and smoking habit in groups
with different fibrinagen genotypes at the alpha, beta and gamma loci.

Clotting method Nephelometric method

Mean® (95% CI) Mean (95% CI)

Alpha locus (Tagl)
2424
2:4/1-6
1-6/1-6

Beta locus (Bell)
5353
5-3/42
4-2{42

Beta locus (Haelll)
575+ 383/575+ 383
575+ 383/958
958/958

Gamma locus (KpnlfSacl)
1414
14:11
11711

2:94 (2-90,2:99) 419 (4-13,429)
2-94 (289,2:98) 420 (4-13,4-27)
2-90 (2-80,3-00) 417 (403,4-32)
p=083 p=095
294 (2:90,2:97) 42 (4154-25)
2:91 (2:86,2-98) 415 (4:06,4-23)
2:99 (2:83,3:17) 4-25 (4-00,4-48)
p=067 p=0-48
2-92 (2-80,3-05)
2:99 (2:76,3-24)
2:68 (1-94,3-09)
p=058
2:92 (2-80,3-04) 419 (4:03,4-36)
2:93 (2:88,2-98) 419 (4:12,4-26)
2-94 (2:90,2:97) 419 (4:14,4-25)
p=094 p=099

* Mean for clotting assay is the geometric mean as the distribution is positively skewed.

adjusted fibrinogen values to assess differences
between genotypes.

Results

The overall frequencies for each polymorphic
allele in the 247 subjects were 0-75 for the
2:4kb (A) allele and 0-25 for the 1-6kb (a)
allele at the alpha fibrinogen locus; 0-84 for the
5:-3kb (B) and 0-16 for the 4-2 kb (b) alleles at
the beta fibrinogen locus; 0-82 for the
575 bp+383 bp (H1) and 0-18 for the 958 bp
(Ei2) alleles at the 5° end of the beta fibrinogen
locus; and 0-24 for the 14 kb (D) and 0-76 for

‘the 11 kb (d) alleles at the gamma fibrinogen

locus. The overall genotype frequencies were
compared with those predicted from the
Hardy-Weinberg equilibrium and no signific-
ant differences were noted.

Strong linkage disequilibrium was found
between the alpha/Tagl and gamma/Kpnl/
Sacl markers and between the beta/Bcil and
beta/Haelll markers which was highly signi-
ficant at any level (delta values of 0-6981 and
0462, p<0-001 and p<0-001 respectively). A
lesser association was found between the
alpha/Tagql and beta/Bcll loci (delta value of
—0-1423, p<0:001); beta/Bcll and gamma/
Kpnl/Sacl markers (delta value of —0-1450,
p <0:01); alpha/Tagql and beta/HaelII markers
(delta value of —0-174, p<0-001); and the
gamma/Kpnl/Sacl and beta/Haelll markers
(delta value of —0-188, p<0-001).

Table 1 indicates the mean fibrinogen values
adjusted for age, sex, and smoking history
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analyscd by the clotting and nephelometric
assays for different fibrinogen genotypes at the
alpha, beta, and gamma fibrinogen loci. No
trend is apparent and no statistically signific-
ant differences were noted. Similarly no stat-
istically significant differences were apparent
in an analysis using fibrinogen levels uncor-
rected for age, sex, and smoking history or if
cases and controls were considered separately
(data not shown).

Table 2 indicates the mean fibrinogen values
adjusted for age, sex, and smoking history
analysed by the clotting and nephelometric
assays for different fibrinogen haplotypes. No
statistically significant diffcrences are appar-
ent, nor were they present in an analysis using
fibrinogen levels uncorrected for age, sex, and
smoking history or if cascs and controls were
considered separately (data not shown). '

Discussion
Plasma fibrinogen is synthesised in the liver
from three polypeptide subunits (A alpha, B
beta, and gamma) whose structural genes oc-
cur as a cluster at 4q31.% These genes show
considerable homology and are believed to
have arisen by duplication of an ancestral gene
with subsequent divergence.” Each gene is
approximately 10 kb in size and as all three are
found on a 50kb stretch of DNA, linkage
disequilibrium between these loci would be
expected. In this study strong linkage discqui-
librium was found between the two polymor-
phisms at the beta fibrinogen locus and
between the polymorphisms at the alpha and
gamma loci with a weaker association between
beta and alpha or beta and gamma polymor-
phisms. This is consistent with previous re- .
ports on linkage disequilibrium for these
loci*'*" and with the physical order of gamma-
alpha-beta.® The relative excess of recombina-
tion in the gamma/alpha to beta interval can-
not be explained by physical distance and
recombination in this interval has also been
implicated in the evolution of these loci to
account for the reverse orientation of tran-
scription of the beta gene relative to the alpha
and gamma fibrinogen genes.®

In the present study, in cases or controls or
both combined, the plasma level of fibrinogen
assayed by the clotting and nepheclometric
methods when corrected or uncorrected for
age, sex, and smoking showed no association
with the fibrinogen genotype at the alpha,
beta, or gamma loci. This is consistent with
the experience of Berg and Kierulf® using the

Table 2 Mean fibrinogen levels assayed by the clotting and nephelometric methods corrected for age, sex, and

smoking habit for different fibrinogen haplotypes.

Fibrinogen, Fibrinugen,

clotting nephelometric
Haplotype Alpha Beta Gamma % Mean® (95% CI) Mean (95% CI)
1 24/24 5-3/53 111 37 2:94 (2:90,2-99) 422 (415,4-29)
2 2:4/1-6 5-3/5-3 14/11 24 2:93 (287,3-00) 419 (409,4-28)
3 24/2°4 53/4:2 1111 16 291 (2-83,299) 412 (400,4-24)
4 2:4/1-6 5-3/5-3 111 4 291(280,303) 4-16 (3.97,4:36)
5 2.4/1-6 5-3/4-2 14/11 . 7 2:93 (284,302) 419 (407,4 32)
6 1:6/1-6 5-3/5-3 14/14 5 2:94(282,306) 423 (408,4-38)
Others 7

* Mean for clowting assay is the geometric mean as the distribution is positively skewed.



alpha (T'agl) and beta (Bcl/l) polymorphisms,
but differs from the findings of Humphries et
al? and Thomas et al.* Humphrics et al? found
a statistically significant rise of plasma fibrino-
gen levels in homozygotes for the rarer beta/
Bcll polymorphism but not with the beta/
Avall (which is in strong linkage disequili-
brium with the beta/Bcll polymorphism?) or
alpha/Tagl polymorphisms. Thomas ez al* also
found a statistically significant rise of plasma
fibrinogen in homozygotes for the rarer beta/
Haelll polymorphism when smokers and non-
smokers were combined. Although numbers in
these studies were large (91 in Humphries et
al,? 118 in Berg and Kierulf,? 292 in Thomas et
al,' and 247 in the present study) the numbers
of key homozygous subjects were small (4 bb
homozygotes in Humphries et al,? 2 bb homo-
zygotes in Berg and Kierulf,’ and six in the
present study; 11 H2H2 homozygotes in
Thomas et al* and five H2H2 homozygotes in
the present study). This, rather than popula-
tion differences, is probably the main problem
for these studies together with the consider-
able within person variation of fibrinogen
values over time."?

Berg and Kierulf® also analysed the mono-
zygotic twin intraclass correlation coefficient
in respect of plasma fibrinogen levels and gave
heritability estimates of 0-27 in the total series
and 0-29 in non-smokers alone. Hamsten et
al,” using path analysis in 170 nuclear families
(half with a proband with premature myocar-
dial infarction), suggested that 51% of the
variance in plasma fibrinogen levels was
because of genetic heritability after adjusting
for cultural factors such as smoking and obes-
ity. These studies thus suggest that there are
genetic determinants of plasma fibrinogen
levels although the magnitude of this effect and
the importance of the fibrinogen genotype in
this respect is unresolved. These studies have
been hampered by the marked within indi-
vidual variation which occurs for plasma
fibrinogen levels, which in one study

e AR bl R WSt a2 Lo 0 kb et F Al o Al

accounted for 27% of the sample variance.’2
Longitudinal studies of plasma fibrinogen
levels in genotyped subjects would thus be of
value in helping to resolve the role of fibrino-
gen and other genes in determination of
plasma fibrinogen levels.

This study was funded by the British Heart
Foundation. We also wish to thank Professor
Steve Humphries, Charing Cross Sunley Re-
search Institute, London, who generously
donated the cDNA probes for the alpha, beta,
and gamma fibrinogen genes.
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Blood Viscosity, Fibrinogen, and Activation of
Coagulation and Leukocytes in Peripheral
Arterial Disease and the Normal Population in
the Edinburgh Artery Study

G.D.O. Lowe, MD, FRCP; F.G.R. Fowkes, PhD, FRCPE, FFPHM; J. Dawes, PhD;
P.T. Donnan, MSc; S.E. Lennie, MI Biol; and E. Housley, FRCP

Background. Increased blood and plasma viscosity, hematocrit, fibrinogen, and activation of coagulation
and leukocytes have been reported in patients with- claudication; however, their associations with
symptomatic and asymptomatic peripheral arterial disease have not been reported in an epidemiological
study.

Methods and Results. Blood and plasma viscosity, hematocrit, fibrinogen, urinary fibrinopeptide A,
plasma leukocyte elastase, and uric acid were measured in a random sample of 1,581 men and women aged
55-74 years in Edinburgh, Scotland, and related to peripheral arterial stenosis (ankle—brachial systolic
pressure index, ABPI) and to lower limb ischemia (intermittent claudication and reactive hyperemia test).
Each variable (except fibrinopeptide A) was significantly related to prevalent symptomatic and asymp-
tomatic peripheral arterial disease. On multivariate analysis, blood viscosity ( p<0.05) and fibrinogen
( p<0.01) were independently associated with peripheral arterial narrowing (ABPI); a positive interaction
was found between fibrinogen and smoking in the association with ABPI. Plasma viscosity was associated
with claudication in the presence of a given degree of arterial narrowing (odds ratio of claudication in top
quintile compared with bottom quintile of plasma viscosity, 3.35; 95% CI, 1.32, 8.51). Leukocyte elastase
and uric acid were each associated with reactive hyperemia independently of arterial narrowing ( p<0.01).

Conclusions. Blood rheological factors and leukocyte activation as well as arterial marrowing are
associated with lower limb ischemia in the general population and may be implicated in its pathogenesis.
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hronic ischemia of the lower limbs may result
C from not only atherosclerotic stenoses but also
from thrombotic occlusions! and rheological
abnormalities such as increased blood viscosity and
impaction of activated leukocytes in the nutritive micro-
circulation.2? Previous studies have suggested that pa-
tients with intermittent claudication may have activation
of blood coagulation.** increased blood viscosity caused
by elevation of hematocrit and plasma fibrinogen,26-*
and increased leukocyte activation and rigidity.!o-1!
However, these factors have not been related to periph-
eral arterial disease in epidemiological studies in the
general population, nor have relations with other car-
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diovascular risk factors (e.g., smoking) been taken into
account.

The Edinburgh Artery Study is a cross-sectional
survey of 1,592 men and women aged 55-74 years
residing in Edinburgh, Scotland. A high prevalence of
symptomatic and asymptomatic peripheral arterial dis-
ease has been identified in this population’? as well as
associations with conventional cardiovascular risk fac-
tors.!> We now report the relations of whole blood
viscosity and its major determinants (hematocrit,
plasma viscosity, fibrinogen) as well as measurements of
activation of blood coagulation (urinary fibrinopeptide
A)!* and of blood leukocytes (plasma leukocyte
elastase)!s to symptomatic and asvmptomatic peripheral
arterial disease in this population. We also tested the
hypothesis that, for a given degree of atherosclerotic
arterial narrowing (measured by the ankle-brachial
pressure index, ABPI), leg ischemia (measured by the
World Health Organization [WHO] intermittent clau-
dication questionnaire!® and by a reactive hyperemia
test!?) was related to viscosity? and to leukocyte
activation.?

Methods

In this cross-sectional survey,!? 1.592 men and women
aged 55-74 years were selected from the age/sex regis-
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ters of 10 general practices with catchment area popu-
lations spread geographically and socioeconomically
throughout the city. The sample was selected randomly
within sex-specific 5-year age groups to produce equal
numbers in each group and an adequate sample size to
conduct a future cohort study. Subjects attended a
university clinic to complete a questionnaire and have a
comprehensive medical examination. The response rate
was 65%, and follow-up of a sample of nonresponders
did not show any significant bias. Details of the study
population, recruitment, and prevalence of peripheral
arterial disease are described elsewhere.'? The ques-
tionnaire included validated questions on cardiovascu-
lar history, intermittent claudication and angina (WHO
questionnaire!¢), and smoking history. A 12-lead ECG
was taken and coded independently by two observers
using the Minnesota code.!” Arm blood pressure was
taken supine after 10 minutes of rest using a random
zero sphygmomanometer. Peripheral pulses were pal-
pated, and ankle systolic pressures were then measured
using a Sonicaid Doppler probe and random zero
sphygmomanometer with the patient supine. The ABPI
was calculated as a measure of arterial narrowing in the
lower limb.1?

A reactive hyperemia test was then carried out in
which ankle systolic pressures were measured 15 sec-
onds after the release of a cuff occluding arterial flow
for 4 minutes above the knee at 50 mm Hg above systolic
pressure.!? Reactive hyperemia tests have been shown
to have adequate validity in detecting angiogram-posi-
tive disease in hospital patients.!81® In preliminary
studies, we found that our technique detected the
greatest hyperemic response and had adequate repro-
ducibility.2® The main purpose of this test was to detect
those with substantial peripheral atherosclerosis who
might have had a normal ABPI, as may occur in
diabetics. Details of the results of the reactive hyper-
emia test in this population are published elsewhere.?!

From a fasting blood sample taken on each patient at
about 9:00 AM, serum uric acid was estimated on a
Cobas Bio analyzer, using a standard kit. Fibrinogen
was measured in citrated plasma by a thrombin-clotting
turbidometric method in a centrifugal analyzer.>2 Blood
and plasma viscosity were measured from a blood
sample anticoagulated with dry dipotassium edetate
(EDTA, 1.5 mg/mL) at high shear rates (over 300 sec™')
in a Coulter-Harkness viscometer at 37°C.>* Hematocrit
was measured using a Hawksley microcentrifuge and
reader. Blood viscosity was corrected to a standard
hematocrit of 45% using the formula of Matrai et al.2*
Relative blood viscosity (corrected blood viscosity/
plasma viscosity) was calculated as a measure of red cell
deformability.>% Urinary fibrinopeptide A was mea-
sured by radioimmunoassay as previously described,!¢
using reagents from IMCO (Stockholm). Plasma leuko-
cyte elastase was also measured by radioimmunoassay
as previously described.’® Quality control was moni-
tored by means of blind duplicate samples taken inter-
mittently throughout the study.

Data were analyzed on the Edinburgh University
mainframe computer using SPSSX and BMDP statistical
packages. In the univariate analysis, the population was
divided for descriptive purposes into four categories of
peripheral arterial disease'?: intermittent claudication
(WHO questionnaire positive and ABPI <0.9 or reac-

tive hyperemia >20%), major asymptomatic disease
(ABPI =0.9 and reactive hyperemia >20% or ABPI
<0.7 or reactive hyperemia >35%), minor asymptom-
atic disease (ABPI <0.9 or reactive hyperemia >20%),
and normal (none of the above). Because these catego-
ries have not been used in other studies, the validities
were unknown, but results of studies comparing the
ABPI and reactive hyperemia separately with arteriog-
raphy?¢ suggest that the classification has adequate face
validity. The main analysis, however, concentrated on
the ABPI because it was almost completely recorded
and is a continuous measure, thus giving more power to
detect associations. The minimum ABPI in the two legs
was used because disease often occurs unilaterally. The
minimum of two measurements induced slight negative
skewness caused by random variation between legs, but
this was not sufficient to justify transformation.

Multiple linear regression was used to investigate the
relations between the ABPI and age, sex, blood and
plasma viscosity, hematocrit, fibrinogen, leukocyte
elastase, urinary fibrinopeptide A, uric acid, and smok-
ing. Logarithmic transformations?? were carried out on
the values for leukocyte elastase and urinary fibrinopep-
tide A because of positive skewness in their distribu-
tions. Height was also included in the regressions be-
cause a positive association with the ABPI was
demonstrated.’? This may have been due to the widen-
ing of pulse pressure, as blood flows through arteries
leading to a relatively high systolic pressure at the ankle
in taller individuals.?® Exclusion of height would have
affected the association with sex, tending to increase the
ABPI in male subjects. The multivariate analysis was
carried out with all of the above factors estimated
simultaneously, with the subsequent insertion of total
cholesterol, high density lipoprotein (HDL) cholesterol,
triglycerides. and diabetic status. (The prevalence of
diabetes was 10% in claudicants and 6% in those
without evidence of peripheral arterial disease.!3)

The association with smoking was modeled using
number of “pack-years” with additional variables for
current smokers, recent ex-smokers (stopped within the
last 5 years), and smokers of pipe/cigars only. The
additional variable for current smokers, for example,
measures the difference between ABPI in a current
smoker and an ex-smoker who gave up more than 5
vears ago but who had smoked the same amount of
pack-years. The distribution of pack-years was highly
skewed with a few very heavy smokers, therefore the
square root of the pack-years was used to reduce the
influence of these few individuals. The smoking histo-
ries were considered reasonably valid because the stated
amount was related to mean thiocyanate levels, another
measure (albeit imperfect) of cigarette consumption.
Only smoking history is reported in this article.

Multiple regressions of age, sex, height, smoking, and
the rheological factors were also carried out on inter-
mittent claudication, the reactive hyperemia test, and
three separate measures of heart disease: 1) subject
recall of physician’s diagnosis of angina or heart attack,
2) WHO questionnaire positive for angina or previous
myocardial infarction, and 3) ECG evidence of
ischemia.

Results

The mean levels of the rheological factors in the total
population of 1,581 men and women from whom blood
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TaBLE 1. Distribution of Hemostatic and Rheological Factors by Category of Peripheral Arterial Disease and Normal Subjects
Intermittent Major Minor
claudication asymptomatic asymptomatic Normal Missing Total
(n=45) (n=105) (n=238) (n=1,096) (n=97) (n=1,581) p*
Mean (standard error of mean)
Blood viscosity (mPa) 3.90 3.67 3.66 3.53 3.63 3.58 <0.0001
(0.1) (0.1) (0.04) (0.02) (0.06) (0.01)
Hematocrit (%) 472 46.7 46.0 45.7 45.2 458 0.0003
(0.5) (0.5) (0.3) (0.1) (0.3) (0.1)
Corrected blood viscosity (mPa) 3.65 3.55 3.55 3.46 3.59 3.49 <0.0001
(0.05) (0.04) (0.02) (0.01) (0.05) (0.01)
Relative blood viscosity 2.65 2.61 2.65 2.61 2.64 2.62 0.26
(0.03) (0.02) (0.01) (0.01) (0.03) (0.01)
Plasma viscosity (mPa) 1.39 1.37 1.34 1.32 1.37 1.33 <0.0001
(0.01) (0.02) (0.01) (0.002) (0.01) (0.002)
Fibrinogen (g/L) 3.03 3.03 2.70 2.65 2.97 2.72 <0.0001
(0.11) (0.07) (0.04) (0.02) (0.07) (0.02)
Uric acid (pmol/L) 3315 3328 320.4 313.0 3147 316.3 0.0008
(9.6) (8.3) (5.3) (2.3) (7.6) (1.9)
Geometric mean (95% confidence interval)
Urinary fibrinopeptide A (ng/mL) 1.66 1.46 1.45 1.52 1.58 1.52 0.62
(1.39,1.99)  (1.33,1.61) (1.36,1.54)  (1.49,155) (1.46,1.71) (1.9, 1.55)
Leukocyte elastase (ng/mL) 40.8 36.6 35.2 321 32.8 33.1 0.002
(32.5,51.3)  (31.9,41.9) (31.9,38.0)  (30.9,33.4) (29.9,36.7) (32.1,34.2)

*Test for linear trend across categories of peripheral arterial disease and normal subjects.

was obtained are shown in Table 1. Analysis by age and
sex showed that blood viscosity, hematocrit, urinary
fibrinopeptide A, ancd leukocyte elastase were signifi-
cantly higher in men ( p<0.001), whereas fibrinogen was
higher in women (p<0.001). Fibrinogen increased
markedly with age from 2.52 g/L (SEM, 0.03) in those
aged 55-59 years to 2.90 g/L (SEM 0.04) in those aged
70-74 years (p<0.001). A significant increase with age
also occurred with plasma viscosity (p<0.001) and
leukocyte elastase (p<0.05). Substantial positive corre-

lations were present between many of these factors and
also with cigarette consumption (measured by pack-
vears). The highest correlations were between hemato-
crit and blood viscosity (r=0.69), fibrinogen and plasma
viscosity (r=0.46), and blood viscosity and plasma vis-
cosity (r=0.45).

Table 1 also shows the mean levels of the rheological
factors according to categories of peripheral arterial
disease. Blood viscosity, hematocrit, hematocrit-
corrected blood viscosity, plasma viscosity, fibrinogen,

TaBLE 2. Univariate and Multivariate Regressions of Hemostatic and Rheological Variables on Intermittent Claudication and the
Ankle-Brachial Pressure Index

QOdds ratio (95% CI) of ABPI coefficient

intermittent claudication difference x 100 (SEM)
Change in risk factor Univariate Multivariate Univariate Multivanate
Age (+10 years) 1.90 (1.09. 3.28)+ 2.20 (1.06. 4.58)% -53 (0.9)% —4.7 1).9)§
Female (vs. male) 1.12 (0.61, 2.05) 0.79 (0.26. 2.45) 19 (0.9)§ 6.8 11.5)§
Height (-+10 cm) 0.75 (0.54, 1.05)* 0.57 (0.33. 1.00)+ 33 (0.5)8 1.3 07"
Blood viscosity (+1 mPa) 2.06 (1.24, 3.44)% 1.40 (0.39. 3.33) -3.0 (0.9)§ —2.7 11.3)¢
Hematocrit (+10%) 3.41 (1.29, 9.04)F 1.86 (0.46. 7.55) -21 (14) -0.8 i1.9)
Plasma viscosity (+0.1 mPa) 1.36 (1.07, 1.74)% 1.18 (0.57. 1.78) -2.8 (0.6)§ 0.7 A7)
Fibrinogen (+0.1 g/L) 1.67 (1.05, 2.65)7 1.01 (0.57. 1.80) -0.6 (0.1)§ -0.3 A.DE
Urinary fibrinopeptide A (>1 ng/mL) 1.05 (0.51. 2.19) 0.87 (0.40. 1.88) -0.2 (1.0) =02 09)
Uric acid (+10 gmol/L) 1.21 (0.77. 1.90) 0.93 (0.35. 1.56) -0.03 (0.07) —0.08 i0.07)
Leukocyte elastase (+1 ng/mL) 1.61 (0.97, 2.67)* 1.42 (0.82. 2.45) -1.8 (0.8)% -1.5 08)*
Current cigarette smoker 2.39(1.30,4.42)% 1.06 (0.40. 2.76) -7.7 (1.1)§ =335 (L9t
Ex-smoker <35 years 4.29 (1.99, 9.22)§ 2.42 (0.75.7.89)* -6.2 (2.1)% —4.6 (21T
V" Pack-years (+1) 1.32 (1.19, 1.47)§ 1.29 (1.10. 1.52)§ —1.4 (0.2)§ —1.06 10.2)§

ABPI, ankle-brachial pressure index.
*p<0.1, tp<0.05, £p<0.01, §p<0.001.
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FIGURE 1. Graph of regression of fibrinogen on ankle-

brachial pressure index (APBI) at different levels of lifetime
cigarette consumption.

leukocyte elastase, and uric acid were each related
significantly to the severity of the disease. Urinary fibri-
nopeptide A levels were higher in claudicants than in the
other groups, but there was no significant trend across all
categories of peripheral arterial disease ( p=0.62). Rela-
tive blood viscosity (a measure of red cell deformabil-
ity)>> was unrelated to peripheral arterial disease
(p=0.26).

Multiple logistic regression on claudication and mul-
tiple linear regression on the ABPI are shown in Table
2. Blood viscosity and fibrinogen remained significantly
independently related to the ABPI but not to claudica-
tion (although this may have been related to the small
number of claudicants). Plasma viscosity was related to
both claudication ( p<0.01) and the ABPI ( p<0.001) on
univariate analysis, but this disappeared on multivariate
analysis including blood viscosity and fibrinogen. Blood
viscosity and fibrinogen remained significantly associ-
ated with the ABPI on the inclusion of other vascular
risk factors (diabetes mellitus. cholesterol, HDL choles-
terol, and triglycerides). Conversely, these vascular risk
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factors did not lose their independent relations with the
ABPI on the inclusion of fibrinogen and viscosity.

Analysis of possible interactions among age, sex,
cigarette smoking, fibrinogen, and blood viscosity with
the ABPI showed that the relations between both
fibrinogen and blood viscosity and the ABPI occurred
predominantly in male subjects ( p<0.01) and were less
marked and nonsignificant in female subjects. Figure 1
shows that the association between fibrinogen and the
ABPI was strongly related to the amount of cigarette
smoking, with the slope of the graphs increasing at
higher levels of smoking. No interactions were found
among blood viscosity, smoking, and the ABPIL.

Multiple logistic regressions of age, sex, height, smok-
ing, and the rheological factors on separate measures of
ischemic heart disease showed that fibrinogen was as-
sociated only with a history of heart disease on the
WHO questionnaire (p<0.01). Blood viscosity was not
related to any measure of heart disease, although
plasma viscosity was associated with recall of a physi-
cian’s diagnosis of heart disease (p<0.1). A major
difference from the findings in peripheral arterial dis-
ease was that uric acid remained independently related
to all measures of heart disease, namely ECG evidence
of ischemia (p<0.001), WHO questionnaire positive for
heart disease (p<0.01), and recall of physician’s diag-
nosis of heart disease (p<0.1).

To study the possible impact of rheological factors on
ischemic symptoms and on reaction to vascular stress in
the presence of a given degree of arterial narrowing,
multiple logistic regressions were carried out separately
on intermittent claudication and the reactive hyperemia
test, with the inclusion of the ABPI as a measure of
arterial narrowing. Plasma viscosity was the only factor
that was independently related to claudication after
adjustment for the ABPI: Figure 2 shows that the odds
of having claudication in the top quintile of plasma
viscosity were 3.35 times that in the bottom quintile
(95% CI, 1.32, 8.51). Leukocyte elastase and uric acid
were the onlv factors associated with the results of the
reactive hyperemia test independently of the ABPI and
other factors ( p<0.01).

Discussion

Blood rheological factors (viscosity, hematocrit, fibrin-
ogen, activated leukocytes) may contribute to ischemia by

FIGURE 2. Graph of odds ratios of intermirtent
claudication by quintiles of plasma viscosity in-
dependent of the ankle-brachial pressure index.
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promoting atherosclerosis, thrombosis, or obstruction to
microcirculatory flow distal to atherosclerotic stenoses.23
The results of our study support the hypothesis that
rheological factors are related in an older population
aged 55-74 years to both atherosclerotic peripheral
arterial disease (measured by the ABPI) and to leg
ischemia (measured by the presence of intermittent
claudication on questionnaire or an abnormal reactive
hyperemia test).

Blood viscosity and its major determinants (hemato-
crit, plasma viscosity, and fibrinogen) as well as leuko-
cyte activation (plasma leukocyte elastase) were found
to be significantly related to increasing severity of
peripheral arterial disease within the population (Ta-
bles 1 and 2). No such relation was evident for activation
of blood coagulation (urinary fibrinopeptide A), but this
may have been related to insensitivity of the assay
because 38% of the population had levels <1 ng/mL.
Indeed, plasma fibrinopeptide A levels have been re-
lated to several major cardiovascular risk factors?? as
well as to angiographic coronary artery disease?® and
peripheral arterial disease.*

In the Edinburgh Artery Study, peripheral arterial
disease has been related to conventional risk factors
such as age, cigarette smoking, systolic blood pressure,
and HDL and non-HDL cholesterol.!* Several rheolog-
ical factors were also associated with these risk factors,
particularly age and cigarette smoking, as previously
reported.232 On multivariate analyses including age.
sex, and cigarette smoking, the associations between the
rheological factors and intermittent claudication be-
came nonsignificant (Table 2). However, this finding
may be related to the small number of claudicants and
does not exclude the possibility that increases in viscos-
ity, fibrinogen, and leukocyte activation may be mech-
anisms whereby age and smoking promote development
of peripheral arterial disease.

Are rheological factors related to the extent of ath-
erosclerotic narrowing in the arteries to the lower
limbs? The latter was assessed using the ABPI, which at
a level of 0.9 has been shown to be up to 95% sensitive
in detecting angiogram positive peripheral arterial dis-
ease’® and in the Edinburgh Artery Study has been
shown to be related to the severity of disease on duplex
scanning.?® The ABPI was significantly associated with
blood viscosity. plasma viscosity, and fibrinogen, and
the relations with blood viscosity and fibrinogen per-
sisted after multivariate analysis including conventional
risk factors (Table 2). These findings suggest that blood
viscosity and fibrinogen each may have an independent
role in atherogenesis. Several biologically plausible
mechanisms have been suggested, including an effect of
blood viscosity on the localization of atherosclerotic
lesions.z? Fibrinogen levels may influence infiltration of
fibrinogen into the arterial wall, platelet aggregation,
and fibrin formation as well as increasing plasma and
blood viscosity.23 Interestingly, the association between
fibrinogen and the ABPI was strongly related to the
amount of cigarette smoking (Figure 1). Possible expla-
nations include a synergistic effect of smoking (which
disturbs endothelial cells and activates platelets) and
fibrinogen (which infiltrates the arterial wall through
damaged endothelium and promotes platelet aggrega-
tion).23 An interaction between cigarette smoking and
plasma fibrinogen has also been reported in the predic-

tion of occlusion of femoropopliteal grafts in peripheral
arterial disease.32

In the presence of a given degree of atherosclerotic
narrowing (ABPI), do rheological factors predispose to
leg ischemia? If blood viscosity is reduced by lowering
the hematocrit, blood flow in the leg increases,33 but this
may reflect vasodilation caused by changes in oxygen
carriage and blood volume rather than blood viscosity.3*
However, lowering plasma fibrinogen also reduces
plasma and blood viscosity and increases leg blood flow,
including nutritive skin flow,3* and this cannot be as-
cribed to changes in oxygen carriage or blood volume.
The importance of plasma viscosity has been shown in
the present study, in which higher levels significantly
increased the likelihood of symptomatic intermittent
claudication at a given level of arterial narrowing (Fig-
ure 2). It is likely that this association reflects a direct
effect of plasma viscosity on leg muscle blood flow distal
to arterial stenosis, not only from theoretical consider-
ations*¢ but also because reductions in plasma viscosity
after exercise training,’ cessation of cigarette smok-
ing,?23% or treatment with some pharmacological
agents®® are accompanied by improvements in claudica-
tion that are quite consistent with the relation shown in
Figure 2. Indeed, the relation shown in Figure 2 be-
tween plasma viscosity in the population and prevalent
symptomatic leg ischemia is very similar to the recently
described relation between plasma viscosity in the male
population and incident coronary heart disease.® It is
therefore possible that plasma viscosity may also pro-
mote myocardial ischemia distal to coronary arterial
stenoses, although measurement of the latter in popu-
lation studies is more problematical than measurement
of lower limb arterial stenoses using the ABPI.

We have also shown that leukocyte elastase was
related to leg ischemia as measured by the reactive
hyperemia test. Again, it is possible that this is a direct
effect: Elastase release is a measure of leukocyte acti-
vation, which is also associated with production of
oxygen metabolites that cause skeletal muscle vasodila-
tation.*! Uric acid was also related to leg ischemia as
measured by the reactive hyperemia test as well as to
ischemic heart disease. Because of the importance of
the uric acid/xanthine oxidase pathway in reactive oxy-
gen metabolism, these associations may also be relevant
to oxygen metabolite-related ischemia. Leukocyte acti-
vation may play a role in atherosclerosis and thrombosis
as well as in ischemia.?-*2 However. an overall interpre-
tation of the findings of the present study is that, in the
presence of a given degree of arterial narrowing, deter-
minants of microcirculatory blood flow (plasma viscos-
ity. leukocyte activation) may be important determi-
nants of leg ischemia.>* Conversely, reduction of plasma
viscosity (for example, by reduction of plasma fibrino-
gen or lipoproteins) and inhibition of leukocyte activa-
tion may be rational approaches to prevention and
treatment of ischemia.?

Conclusions

Our findings suggest that rheological factors are
associated with both the severity of atherosclerosis in
the older population and with the presence of leg
ischemia for a given degree of arterial occlusion. We are
currently assessing the predictive value of rheological
factors for arterial events in the limbs, heart, and brain
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in both this and other cohorts as well as the effects of
interventions on blood rheology and prognosis in pe-
ripheral arterial disease.
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