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SUMMARY

This study examines explanations for the inverse social class gradient in coronary risk 

in the Whitehall II study utilising lipid and haemostatic variables. 8973 men and 

women employed in London offices of the Civil Service were surveyed in 1985-88. 

Participants aged 35-55 underwent measurements of height, weight, serum cholesterol 

and apolipoproteins AI and B (apoAI and apoB). Measurements of serum triglycerides 

(TG), plasma fibrinogen and factor VIIc were made in those aged 45-55.

Questionnaires were completed on employment status and other socioeconomic indices, 

physical and mental health, health related behaviours, work characteristics, social 

supports, material, cognitive and affective factors.

Higher employment grade was associated in both sexes with more favourable levels of 

TG, apoAI, apoB/apoAI ratio and fibrinogen. ApoB in women, and factor VIIc in men, 

showed declining trends with higher employment grade. Statistical adjustments for 

obesity, smoking, alcohol consumption, exercise, dietary pattern and recent symptoms 

attenuated the inverse socioeconomic gradients in coronary heart disease (CHD) risk 

factors. Inverse associations remained with apolipoprotein AI (both sexes), fibrinogen 

and TG (men only).

Hypotheses were tested relating occupational, social and personal psychosocial factors 

and material circumstances to apoAI, the apoB/apoAl ratio and fibrinogen. Higher 

variety and skill use at work were associated with more favourable levels of 

apolipoproteins and fibrinogen in both sexes. Other work characteristics showed less 

consistent relationships with risk factors. In both sexes financial difficulties are 

associated with less favourable levels of apolipoproteins. Amongst men, hostility and 

fatalism are related to less favourable levels of apolipoproteins or fibrinogen.

It is concluded that the expected inverse socioeconomic gradient in CHD in this 

population may in part be accounted for by apoAI, apoB, TG and fibrinogen, but not 

by total cholesterol or factor VIIc levels. High levels of psychosocial demands and 

adverse material circumstances, which are associated with low employment grade, are 

linked to less favourable levels of apolipoproteins and fibrinogen. These effects appear 

largely to be mediated by associations with obesity and health related behaviours.
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CHAPTER 1 INTRODUCTION

The aim of this study is to characterise socioeconomic gradients in lipid and 

haemostatic factors in a population of office workers. Explanations of the gradients 

will be sought in terms of patterns of degree of obesity, self-reported smoking, alcohol 

consumption, exercise and diet behaviours, and in terms of occupational and other 

psychosocial factors considered relevant to the causes of coronary heart disease (CHD). 

The inter-relationship of these two classes of explanation will be investigated.

This work is part of a larger prospective study of biomedical and psychosocial factors 

in cardiovascular disease. Here, cross-sectional associations in the data collected at the 

baseline of the Whitehall II study are examined to test two related hypotheses. These 

are

(1) that psychosocial factors account for some of the social gradient in biochemical 

risk factor variables identified in this study. A cross-sectional association between 

psychosocial and biochemical variables would be a necessary, but not sufficient 

condition if this hypothesis were correct, and

(2) that some of the proposed psychosocial effects operate independently of established 

health related behaviours such as smoking and alcohol consumption. A residual 

association between psychosocial and biochemical variables after adjustment for health 

related behaviours would be a necessary, but again not sufficient condition, for this 

second hypothesis to be true.

*******************

Industrialised countries including Britain have experienced substantial increases in life 

expectancy during this century (Uemura and Pisa 1988; World Bank 1992). This 

general phenomenon masks widespread differences in the patterns of health and 

mortality associated with social and economic status (Fox 1989). The causes of these 

social inequalities in health are often attributed to patterns of individual behaviour
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which influence disease risk (Pocock et al 1987, LAYH Programme 1990). The 

behavioural explanation emphasises rates of smoking, poor nutrition, and physical 

inactivity as the critical factors responsible for the inferior health expectations of those 

in lower social positions. Alternatively, factors inherent to social organisation, such as 

income differentials, the nature of work and housing quality are regarded as underlying 

causes by proponents of the material explanation (Townsend et al 1990). The 

interdependence of social structure and individual behaviour leads increasingly to the 

recognition that these two perspectives are not autonomous (Davey Smith et al 1990a).

Inequalities in mortality risk, together with the international (Keys 1980) and temporal 

(Tunstall-Pedoe 1991) variations in coronary heart disease (CHD) rates, suggest that 

the disease is preventable. The recent Health o f the Nation White Paper (HMSO

1992) has set a target for the year 2000 of a minimum 40% reduction from the 1990 

rate in people under 65 (Figure 1). Studies involving behaviour change (Wood et al 

1988; Fortmann et al 1993; Cole-Hamilton et al 1986; Burr 1989) further suggest that 

risk factors shown to predict CHD are amenable to improvement.

Paradoxically, serum cholesterol did not show the expected inverse relationship with 

occupational grade in men screened at their entry to the first Whitehall study (Marmot 

et al 1978b). Rates of smoking did vary in the expected direction, but differences in 

this and in blood pressure across social classes do not appear to provide an adequate 

explanation for the higher rates of disease in lower occupational groups (Marmot et al 

1984b). This is not an isolated observation. The few prospective studies which have 

examined potential reasons for socioeconomic differences in CHD or total mortality 

have been able to account for less than half of the class differences observed (Haan et 

al 1987; Pocock et al 1987).

The Whitehall II study was established between 1985 and 1988 to investigate this 

social gradient in mortality and morbidity, and to study additional, particularly 

psychosocial, factors which might account for the unexplained magnitude of social 

gradients in CHD risk. Whitehall II, unlike the first civil servants study, was not 

limited to men, and offered the opportunity to examine patterns of biochemical risk

17



Figure 1

Mortality from coronary heart disease 
in England and Wales in men and women
Age group 30-64 (World Health Organisation European standard population)

Rate per 100,000

Men

100

Women

10
199519901970 1975 1980 1985

Source: Tunstall-Pedoe 1991
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factors in both sexes across employment grades in more detail. Apolipoproteins AI 

and B, respectively the major apoprotein components of high and low density 

lipoproteins, and triglycerides in a sub-sample, were measured in addition to serum 

total cholesterol. Fibrinogen and factor VII coagulant activity, both of which have 

been shown to be independent predictors of CHD in men (Meade et al 1986a), were 

chosen as measures of thrombotic risk. These measurements, obtained at the Whitehall 

II baseline screening, are the end-points employed in this thesis.

Social position is a phenomenon which has many aspects (Jones and Cameron 1984). 

Registrar General’s social class is a useful composite measure of the cultural, social, 

material and behavioural attributes which might influence health (Goldblatt 1990) but 

therefore lacks specificity. The use of less confounded categories in place of social 

class may lead to a better understanding of the nature of the social gradient in CHD 

risk. In the study presented here, of office-based Civil Servants in London, the 

hierarchy of occupational grades defines income and employment status with 

considerably better precision than the Registrar General’s classes. Questions similar to 

those used in the national census on housing tenure and access to cars provide 

additional measures of material resources. Background, measured by father’s social 

class, and adult height both act as markers for early influences (Barker and Osmond

1986). Age at completion of full-time education was also obtained. Participants, all 

of whom were employed at the time of the screening examination, were asked 

questions concerning their personal financial difficulties.

The conventional explanation for social differences in CHD risk is behavioural. 

Differences in diet, exercise habits and obesity are likely explanatory factors, though 

the absence of demonstrable social differences in serum cholesterol levels (Gregory et 

al 1990) casts some doubt on the involvement of dietary fat in social as opposed to 

individual (Anderson et al 1987) and international (Keys 1980) risk differences. 

Smoking is probably the most important single lifestyle factor in the socioeconomic 

_gradient in CHD. However, gradients in CHD mortality have been shown to exist 

independently of socioeconomic differentials in these factors (Marmot et al 1978b; 

Morgan et al 1989; Hein et al 1992). Inadequacies of measurement explain such
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findings to some extent (Phillips and Davey Smith 1991) but the magnitude of the 

differentials which remain unaccounted for both in employed and population-based 

studies suggests that other influences on coronary risk remain to be established.

Psychosocial factors are primary candidates for this role. The popular intuition that 

’stress’ is a cause of CHD has been neglected by a large section of the research 

community, which has, understandably, tended to concentrate on effects more proximal 

to the disease process. Nevertheless, work carried out predominantly in the USA and 

Scandinavia (Karasek and Theorell 1990; House et al 1986; Dimsdale and Herd 1982; 

Haynes et al 1978; Bunker et al 1989) supports the view that affective, cognitive and 

situational factors determine coronary risk. The subjective and multifactorial nature of 

the stress concept leads to several methodological problems, which are discussed below 

(Section 2.5).

In this investigation two limitations must be considered. Firstly, only cross-sectional 

associations are being analysed, necessarily restricting interpretation of findings until 

incident disease data are available. Secondly, false negative results will be obtained if 

the supposed effects of each of these factors on coronary risk are not mediated at least 

in part by altered levels of the lipid and haemostatic factors utilised as endpoints.

The Whitehall II baseline questionnaire provides data on health-related behaviours, 

family and social circumstances, psychological factors, recent life events, and of 

particular interest in this survey of white-collar employees, self-reports of work 

characteristics based on the Karasek model (Karasek et al 1981). The collection of 

psychosocial as well as biomedical data in a survey of an employed population is 

unique, and provides the prospect of increased understanding of the nature of the 

socioeconomic gradient in CHD risk.
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CHAPTER 2 CORONARY RISK, SOCIAL CLASS AND PSYCHOSOCIAL 

FACTORS

2.1 Introduction

The outcomes used in this study are biochemical risk factors for CHD. At this stage 

the data available in the Whitehall II study are cross-sectional and do not provide 

incident CHD events for prospective analyses to be carried out. In addition the 

proportion with prevalent disease is small in these 35-55 year olds (Marmot et al 1991) 

and likely to have been influenced by selection out of the working population invited 

to join the study (Beral et al 1985). Several biochemical end-points have been utilised 

in studies of social and psychosocial factors, including serum total cholesterol (Pieper 

et al 1989), lipoproteins and apolipoproteins (Siegrist et al 1988; Heiss et al 1980), and 

fibrinogen (Markowe et al 1985; Baker et al 1988; Rosengren et al 1990a). Several 

hypotheses exist in relation to specific biochemical factors, such as that linking social 

class to fibrinogen levels, and these are tested in the analyses presented. The rationale 

for the choice of analytes is described below (Sections 2.2 and 2.3).

The majority of studies of cardiovascular disease (CVD) are built on models of 

causation which regard manifest CVD as the end-result of a disease process with an 

induction time of several decades (Rothman 1986). Within this framework, numerous 

risk factors have been identified which predict an increased likelihood of future disease 

(Hopkins and Williams 1981). Though it is desirable to divide these into causal 

factors and non-causal markers of risk, the distinction may be unclear for lack of 

evidence. Plasma fibrinogen, for example, is not universally considered to be a causal 

factor in CHD, and viewed by some rather as a marker for poor health (Mustard

1993).

The study presented is concerned with the inverse association between socioeconomic 

status and coronary risk. This association is not directly causal in the biological sense, 

but nevertheless individual and group measures of socioeconomic status consistently 

identify important CHD risk gradients in many industrialised countries besides Britain, 

as the review in Section 2.4 below demonstrates. The section discusses frequently
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used measures of socioeconomic status and examines proposed explanations for the 

risk gradients associated with them. Section 2.5 of this chapter reviews some of the 

important literature relating to psychosocial factors and coronary disease. Research in 

this area has proved to be problematic both for theoretical and practical reasons. The 

section discusses research concepts, modelling and measurement questions, as well as 

the few studies which have been conducted of psychosocial factors and lipid or 

haemostatic variables. The chapter ends (Section 2.6) with a statement of the study 

hypotheses.

22



2.2 LIPID METABOLISM

2.2.1 Introduction

Whilst a consistent body of research shows that total serum cholesterol predicts 

coronary disease in the general population (Keys 1980; Fraser 1986; Anderson et al

1987), total cholesterol does not appear to be part of the explanation of differences in 

risk according to social position (Marmot et al 1978b; Pocock et al 1987). For the 

lipid-CHD hypothesis to remain intact this apparent paradox needs to be resolved. 

Subsidiary hypotheses include those relating to triglycerides and lipoproteins. This 

section outlines current theories related to the biochemistry of atherogenesis which 

may lead to such a resolution. An alternative explanation involving fibrinogen as a 

marker of haemostatic function has been proposed (Markowe et al 1985) and is 

discussed subsequently (Section 2.3).

Suitable measures of coronary risk are required if a study of social differences is to be 

carried out. There is a vast literature on the pathophysiology of coronary heart disease 

and a correspondingly large number of candidate analytes from which to choose. The 

strategy here is to review the experimental and epidemiological evidence underlying 

the decision to utilise serum cholesterol, triglycerides and apolipoproteins AI and B in 

the analyses presented.

2.2.2 Research on lipoproteins

The recognition of monogenic familial hypercholesterolaemia (FH) by Carl Müller at 

the Oslo Community Hospital in 1939 (Brown and Goldstein 1984) was an important 

stimulus to research on lipoproteins. FH heterozygotes comprise approximately 1 in 

500 of most ethnic groups and about 1 in 20 of myocardial infarction (MI) patients 

aged under 60 (Goldstein and Brown 1977). In the 1950s and 1960s Gofman, 

Fredrickson and others began to unravel the complexities of lipoprotein metabolism 

using electrophoretic and ultracentrifugal methods to identify the classes of circulating 

jipid-laden particles (Beaumont et al 1970). Four main lipoproteins were 

distinguished: high density or a-lipoproteins (HDL), low density or 6-lipoproteins 

(LDL), the very low density or pre-6-lipoproteins (VLDL) and chylomicrons. The
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former pair contain most of the phospholipid and cholesterol in plasma, the latter the 

bulk of triglycerides.

FH homozygotes (ca. 1 in a million people), it was shown, usually have circulating 

levels of LDL cholesterol above 20mmol/l (Goldstein and Brown 1977). This 

phenomenon is associated with signs of CHD as early as two years of age, when other 

conventional risk factors are absent. The cause of the high levels of LDL cholesterol 

seen in FH was elucidated by Brown and Goldstein, who in 1973 discovered the LDL 

receptor, and demonstrated its deficiency in FH. Four years later (Goldstein and 

Brown 1977) they published the LDL receptor hypothesis (see Section 2.2.3 below), 

for which they received the Nobel Prize in 1985. Early evidence was also published 

(Miller and Miller 1975) to implicate HDL, or a-lipoproteins, in CHD causation. In 

Tangier disease HDL levels are low or absent, lipid accumulates in peripheral tissues, 

and CHD may develop (Herbert et al 1978).

The LDL cholesterol level, together with the protective factor HDL cholesterol (Miller 

and Miller 1975), are now widely used by clinicians (Betteridge 1989) and 

epidemiologists (Manolio et al 1992) to quantify atherogenic risk in the general 

population. The two measures may be combined to give a ratio of LDL 

cholesterol:HDL cholesterol, considered to quantify the ratio of cholesterol delivery to 

peripheral tissues : ’reverse’ cholesterol transport to the liver (Manninen et al 1992).

This rather tidy concept of atherogenesis is challenged by both epidemiological and 

experimental evidence. Disregarding the importance of the haemostatic system 

(Section 2.3), LDL- and HDL-cholesterol are only moderately strong discriminators of 

CHD risk (Shaper et al 1985; Manolio et al 1992), and there is little in vivo evidence 

that HDL is responsible for reverse cholesterol transport (Betteridge 1989; Slyper 

1992). Oxidative processes appear to be important influences on the formation and 

development of fatty streak and fibrous plaque lesions (Steinberg et al 1989), and have 

been linked to early atherosclerosis in young male MI survivors (Regnstrom et al 

1992). Other lipid fractions appear to be independent contributors to risk. The level 

of lipoprotein(a), for instance, has been identified as a possible explanation for raised
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CHD risk in the absence of an elevated LDL cholesteroliHDL cholesterol ratio 

(Rosengren et al 1990b).

Another perspective on the lipid hypothesis now receiving considerable attention 

(Slyper 1992) was developed by Zilversmit (1979). This view underscores the 

importance of post-prandial phenomena, including triglyceride metabolism, in 

atherogenesis, when chylomicron remnants as well as LDL particles may be taken up 

by arterial cells. There has been an arbitrary emphasis on the classification of 

individuals by their lipoprotein levels in the fasting state (Beaumont et al 1970), due 

perhaps to the requirement for a fasting triglyceride determination in order that LDL 

cholesterol can be estimated without the need for electrophoresis or ultracentrifugation 

(DeLong et al 1986). It is evident from in vitro (Cianflone et al 1992), metabolic 

(Schaefer et al 1978; Slyper 1992), and epidemiological (Castelli 1986) studies that 

post-prandial handling of dietary lipids is implicated in atherogenesis. The atherogenic 

remnant hypothesis does have an intuitive appeal, since a considerable proportion of 

the lives of individuals in the developed world is spent in the post-prandial state.

2.2.3 The Low Density Lipoprotein Receptor Hypothesis 

The LDL receptor hypothesis (Goldstein and Brown 1977) relates high LDL 

cholesterol levels resulting from down-regulation of the hepatic LDL receptor to CHD 

risk in individuals without inherited disorders of lipid metabolism. There is a direct 

analogy with findings in FH. Clearance rather than production of LDL particles 

determines their circulating levels.

LDL is a component of the endogenous pathway (Figure 2). Circulating LDL is 

transported into cells by the LDL receptor, a glycoprotein which spans the cell 

membrane, and which has a high affinity binding site for apoB-100 protruding from 

the cell surface (Brown and Goldstein 1984). Injected LDL with a modified apoB not 

recognised by the receptor remains in the circulation longer than normal LDL 

(Shepherd et al 1979). After receptor-mediated endocytosis, the receptor/lipoprotein 

complex dissociates and the LDL particle is taken up by lysosomes. Free cholesterol, 

released by lysosomal enzymes, is a substrate for membrane synthesis, bile salt or
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Figure 2
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steroid hormone production, depending on the cell type. If large amounts of LDL 

cholesterol enter the cell cholesterol ester droplets may be formed, and de novo 

biosynthesis is reduced by inhibition of hydroxymethyl glutaryl CoA reductase, 

Importantly, the accumulation of cholesterol within the cell also causes down- 

regulation of LDL receptor synthesis, and the rate of LDL uptake is reduced. 

Conversely, bile acid binding resins, such as cholestyramine which lowers serum 

cholesterol by around 10%, produce an increase in the number of receptors in liver 

membranes (Brown and Goldstein 1984). LDL receptor regulation takes place at the 

level of transcription.

Experimentally, a high animal fat diet is associated with lowered human lymphocyte 

(Applebaum-Bowden et al 1984) and hepatic (Brown and Goldstein 1984) receptor 

levels, increased LDL and intermediate density lipoproteins (IDL). These dietary 

effects are subject to considerable variability. The LDL receptor is regulated by non

dietary factors including oestradiol and thyroid hormone, both of which raise its rate of 

synthesis (Brown and Goldstein 1984).

The LDL receptor hypothesis extends these and related observations (Keys 1980) to 

state that much of the atherosclerosis in the general population is caused by 

unphysiologically high levels of LDL, resulting from a failure to produce enough LDL 

receptors, which in turn may be the result of a high fat diet (Brown and Goldstein 

1984). Certain high fat dietary patterns, such as the relatively high monounsaturated 

fat Mediterranean diet, are not associated with high rates of CHD, suggesting that 

saturated fat intake is of key significance (Renaud and De Lorgeril 1992).

2.2.4 The Oxidative Modification Hypothesis 

The involvement of LDL in plaque formation is still under investigation. The 

precursor of fatty streak formation, which occurs under the intact endothelium, is 

believed to be increased adherence of monocytes to the arterial wall promoted by 

hypercholesterolaemia. Because these cells penetrate the endothelium to become 

heavily loaded with lipid, it was expected that incubation of monocytes with LDL 

would lead to the formation of foam cells. Brown and Goldstein were initially unable
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to demonstrate this, but later showed that oxidative and other modifications of LDL 

alter its properties so that monocytes take up large quantities of lipid (Steinberg and 

Witztum 1990). Such cells undergo phenotypic transformation within the intima to 

become macrophages which express ’scavenger’ receptors specific for acetyl-LDL and 

oxidised LDL. Each of the three major cell types of the arterial lesion - macrophages, 

endothelial cells and smooth muscle cells can oxidise LDL in cell culture (Steinberg 

and Witztum 1990).

Epidemiological studies provide increasing support for the role of anti-oxidant nutrients 

in the prevention of CHD (Gey and Puska 1989; Riemersma et al 1991; Rimm et al 

1993; Stampfer et al 1993). The susceptibility of LDL to oxidation has been shown to 

be directly related to the severity of coronary atherosclerosis assessed by angiography 

(Regnstrom et al 1992).

2.2.5 Lipoprotein levels as predictors of CHD 

Against the background of continuing studies of total cholesterol, the Nobel prize 

award for Brown and Goldstein in 1985 signalled general acceptance of LDL 

cholesterol as an important coronary risk factor. By this time prospective data from 

Hawaii (Rhoads et al 1976) and Framingham (Gordon et al 1981) had shown levels of 

LDL cholesterol to predict CHD, and HDL cholesterol to be inversely related to risk of 

future CHD. In the Framingham study these relationships were weaker amongst 

women than men, particularly at older ages. Low LDL cholesterol was, in women, 

associated with excess incidence of haemorrhagic and nonhaemorrhagic stroke during 

six years of follow-up.

The question then arises whether LDL and HDL cholesterol may be better predictors 

of CHD than total cholesterol. Since the latter is compartmentalised between 

lipoproteins it can be seen as a confounded variable. This issue was reviewed at a 

National Heart, Lung and Blood Institute (NHLBI) workshop in 1990 (Manolio et al 

1992) following the accumulation of results from prospective studies of CHD mortality
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which measured both total serum cholesterol and lipoprotein fractions in men and 

women both before and after 65 years of age. The results of 25 prospective studies, 

predominantly American, were used.

These data confirm that total, LDL- and HDL-cholesterol predict CHD in men and 

women aged less than 65. For men over 65, the unadjusted relative risk of fatal CHD 

comparing those having cholesterol >6.2mmol/l with those <5.17mmol/l (the National 

Cholesterol Education Program cut points) was greater than 1.0 in 21 of the 24 study 

populations considered. Significance was reached in eight cases and the pooled 

relative risk was 1.32. Table 1 shows that for women over 65 the picture was similar, 

but rather weaker. 10 of the 16 study populations had relative risks above 1.0, but in 

only one case was this figure significant. The pooled relative risk was 1.12, and the 

lower confidence limit 1.01. Although relative risks in these older groups are smaller 

than those in younger people, the greater absolute risk above age 65 must be taken into 

account. For instance, in men absolute excess risk was greater in the older than the 

younger group in eight of the 19 studies which included subjects in both age groups.

Findings for LDL and HDL lipoprotein fractions are also summarised in table 1. LDL 

cholesterol is a stronger predictor than total cholesterol in younger women, but in men 

and older women relative risks are similar compared to total cholesterol. Relative 

risks of CHD for HDL cholesterol compared with those for total cholesterol did not 

show the same pattern as LDL cholesterol. HDL cholesterol appears to be a better 

predictor than total cholesterol in younger men and older women, but, unlike total 

cholesterol, did not predict CHD at all in older men.

Measurement of HDL subfractions HDLj (larger and lipid-rich) or HDL3 (smaller and 

denser) has not been shown to provide better diagnostic or prognostic information than 

the routine measure of total HDL cholesterol (Gordon 1989). Low levels of HDL may 

only be a risk factor in populations consuming a high fat diet since low levels of HDL 

are common in non-industrialised countries where both fat consumption and rates of 

CHD are low (Gordon 1989).
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Table 1 Strength of association of total cholesterol, LDL cholesterol and HDL 
cholesterol with prospective CHD risk

Men Women

Total cholesterol >6.2 vs <5.2mmol/l

< 65 years 1.73* 2.44*

> 65 years 1.32* 1.12*

LDL cholesterol >4.1 vs <3.6 mmol/1

< 65 years 1.92* 3.27*

> 65 years 1.51* 1.13

HDL cholesterol <1.3 vs >1.6 mmol/1

< 65 years 2.31* 2.13*

> 65 years 1.09 1.75*

* p<0.05

Source: Manolio et al 1992
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2.2.6 The role of triglycerides 

Postprandial lipaemia imposes a daily state of challenge to TG transport. Low levels 

of HDL are often found in conjunction with high levels of atherogenic, TG-rich 

lipoproteins (Schaefer et al 1978; Castelli 1986). It is not clear which of these two 

lipoprotein classes is of greater aetiological importance for CHD (Gordon 1989).

There has been a tendency to elide predictive power and causal interpretation in 

prospective studies. Because within-person variation of TG levels is greater than that 

of HDL cholesterol levels, the latter tends to show a greater effect in multivariate 

analyses of CHD mortality which do not take account of collinearity and measurement 

imprecision (Betteridge 1989; Phillips and Davey Smith 1991). As a result of this type 

of problem, it may be misleading to consider any single element of cholesterol and TG 

metabolism in isolation, particularly when aetiology is in question (Krauss 1991). The 

involvement of the haemostatic system must also be considered, since, for example, 

raised TGs may increase the risk of thrombosis (Section 2.3).

Type I hyperlipoproteinaemia, a genetic chylomicronaemia resulting from low or 

absent lipoprotein lipase (LPL) activity, is not necessarily associated with high 

coronary risk (Assmann et al 1991). However, two inherited disorders involving 

overproduction of VLDL suggest that disturbances of TG metabolism are pathogenic. 

Familial hypertriglyceridaemia is characterised by the secretion of normal numbers of 

TG-enriched VLDL particles, and combined hyperlipidaemia by the increased secretion 

of VLDL of normal composition (Betteridge 1989; Cianflone et al 1992). Dietary 

carbohydrate (Reaven et al 1967) as well as dietary fat provokes a rise in plasma TG 

and there appears to be a difference in the nature of the VLDL particles produced. A 

study using the hepatoma cell HepG2 demonstrated that addition of carbohydrate to the 

culture medium resulted in secretion of normal numbers of TG-enriched particles, 

paralleling familial hypertriglyceridaemia, whereas oleic acid loading stimulated 

secretion of an increased number of normal-sized particles (Cianflone et al 1992).

_The translation of these observations to the physiological situation may not be 

appropriate, since the HepG2 cell is a malignant transformation. It would appear that 

there may be two types of TG-rich VLDL, a large type, produced on a high
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carbohydrate diet which is not atherogenic, and a smaller, denser particle which is. 

Heterogeneity in the TG and cholesterol content of VLDL particles in middle-aged 

men and women has been observed (Sniderman et al 1991). Small dense VLDL 

particles may be more readily converted to LDL, and may in themselves be 

atherogenic (Betteridge 1989). Insulin is also implicated in the regulation of TG levels 

(Reaven et al 1967). In summary the evidence suggests that the post-prandial 

lipoprotein pattern may be an important factor in CHD causation.

2.2.7 The atherogenic remnant hypothesis 

The atherogenic remnant hypothesis proposes that in healthy individuals chylomicrons, 

VLDL and IDL which circulate at high concentrations after eating may be important 

precursors of atheroma. Chylomicron core TG, for example, are rapidly hydrolysed to 

non-esterified fatty acids by LPL, which is bound to the capillary endothelium of 

muscle, adipose and other tissues, to produce smaller, cholesterol rich remnant 

particles. These may be cleared by liver receptors (Figure 2), or, it is proposed, be 

taken up by mononuclear cells to form atherogenic foam cells (Slyper 1992).

Macrophages appear to take up IDL, producing foam cells, more rapidly than 

unmodified LDL (Steinberg and Witztum 1990). The uptake of cholesterol from IDL 

seems to be mediated by the LDL receptor, but in this case receptor synthesis appears 

not to be inhibited (Steinberg and Witztum 1990). TG-rich IDL, also referred to as 6- 

VLDL, may be derived from dietary lipids via the exogenous pathway, and contains 

apoprotein E, the ligand for the hepatic chylomicron remnant receptor (Figure 2). In 

normolipidaemic persons there seems to be quantitative conversion of VLDL to IDL to 

LDL, whereas in hypertriglyceridaemia IDL may be removed from the circulation, 

either by the liver or by peripheral tissues (Zilversmit 1979; Steinberg and Witztum 

1990). Chylomicron remnants, produced like DDL, by the action of LPL, have been 

shown to be directly atherogenic in animal models (Zilversmit 1979), and type HI 

hyperlipoproteinaemia (remnant particle disease) is associated with an increased risk of 

CHD (Betteridge 1989).
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2.2.8 The triglyceride intolerance hypothesis 

Prolonged hypertriglyceridaemia may predispose to high rates of cholesterol ester 

transfer from LDL and HDL to TG-rich lipoproteins, catalysed by cholesterol ester 

transfer protein. This phenomenon may be associated with low HDL-cholesterol 

levels, small-sized LDL, and cholesterol ester enriched lipoproteins. These chylomicra, 

chlyomicron remnants and IDL are resistant to lipolysis and appear to be atherogenic.

Miesenbock & Patsch (1992) refer to the triglyceride intolerance hypothesis, 

distinguished from the Zilversmit hypothesis in that the former considers that rapid 

postprandial TG clearance will prevent the development of an atherogenic lipoprotein 

profile. Thus high HDL levels may reflect efficient TG metabolism as well as a high 

capacity for reverse cholesterol transport. Poor postprandial TG handling has not yet 

been shown to predict CHD however, and it appears that fasting chylomicronaemia, for 

example type I hyperlipoproteinaemia (Assmann et al 1991), is not always atherogenic.

2.2.9 Syndrome X

Evidence from Framingham (Castelli 1986) supports the existence of a syndrome 

involving low HDL cholesterol (below ca. 1 mmol/1), high TG but unelevated total 

cholesterol. Such individuals tend to be overweight, to be insulin resistant and at 

elevated risk of developing diabetes as well as CHD (Reaven 1988).

The particular importance of high TG coupled with low HDL cholesterol, as far as 

CHD risk is concerned, is not always seen. In the three to five year follow-up results 

of the Caerphilly and Speedwell study the authors reported that there was no evidence 

of interaction between these two lipid classes (Bainton et al 1992). CHD risk was 

related to fasting TG after adjustment for HDL cholesterol. This finding might be due 

to imprecision in the measurement of HDL cholesterol, since the assay coefficient of 

variation (20%) is relatively large.

In the five year results for the placebo group in the Helsinki gemfibrozil trial high TG 

predicted fatal and non-fatal CHD events amongst men in the presence of an
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LDL/HDL cholesterol ratio above 5 (Manninen et al 1992). TG levels had similar 

predictive power in those with elevated LDL cholesterol as in those with low HDL 

cholesterol. Participants were high risk men chosen by screening out those with non- 

HDL cholesterol below 5.2mmol/l, thus it is not clear to what extent the findings can 

be applied to the general population. The results from this selected group and others 

(Assmann and Schulte 1992) suggest that LDL cholesterol, HDL cholesterol and TG 

are each important predictors of CHD, and that these lipid fractions are interdependent 

in their effects.

2.2.10 Apolipoproteins 

Measurement of apoproteins is an alternative to lipoprotein cholesterol determination. 

Apolipoprotein A-I (apoAI) and apolipoprotein B (apoB), respectively the major 

apoprotein components of HDL and LDL (Miller et al 1981; Thompson 1984), are 

probably those most commonly used in epidemiological studies. The measurement of 

apoB in particular may better characterise CHD risk in populations and individuals 

than measurement of LDL and HDL cholesterol.

The total apoB concentration reflects the number of LDL particles since plasma apoB 

in both normal and moderately hypertriglyceridaemic individuals is contained 

principally in LDL (Sniderman et al 1980; Sniderman et al 1991), with small 

proportions present in the VLDL and IDL fractions. The cholesterol content of LDL is 

variable, whilst the ratio of one apoB molecule per LDL particle appears to be fixed 

(Sniderman et al 1991). Individuals with LDL cholesterol in the normal range may 

have an elevated number of LDL particles, and a number of disorders have been 

described where apoB is raised in the absence of severe hypercholesterolaemia 

(Bhatnagar and Durrington 1991). ApoB is found in arterial lesions (Zilversmit 1979).

ApoAI determination, by analogy with views on the interpretation of HDL cholesterol 

levels, may indicate the metabolic capacity for removal of cholesterol esters from 

peripheral tissues, and/or the efficiency of triglyceride clearance (Section 2.2.8). 

Considerations of the relative precision of laboratory measurements of HDL cholesterol 

and apoAI are important, but in other respects the advantage of apoprotein over
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lipoprotein fraction measurement is clearer for apoB than for apoAI (Bhatnagar and 

Durrington 1991).

2.2.11 Case-control studies of apolipoproteins and lipoproteins

In his 1987 review of published studies including both HDL and HDL apoprotein 

measurements in CHD, Norman Miller (1987) concluded that whether HDL cholesterol 

or apoAI was a better discriminator had not been resolved. Of 11 studies comparing 

MI survivors and control subjects, five favoured apoAI, four favoured HDL 

cholesterol, and two found them equally effective. ApoAI was a better discriminator 

than HDL cholesterol in a study of 83 men with and 25 men without coronary artery 

disease assessed by angiography (Maciejko et al 1983). Total cholesterol and TG 

levels did not show survivor-control differences in this study. The only prospective 

evidence then published favoured HDL cholesterol, but this was based on frozen sera 

from only 12 MI survivors and 16 controls (Ishikawa et al 1978). Subjects in these 

studies are predominantly men.

Several angiographic studies have shown apoB to be a better discriminator of 

premature CHD than LDL cholesterol (Sniderman et al 1991). Durrington and 

colleagues’ study (1986), for example, found that apoB was better at distinguishing MI 

survivors from healthy employed male controls than apoAI, serum cholesterol, TG, or 

lipoprotein fraction cholesterol concentrations. The evidence suggests that a larger 

proportion of those with CHD have elevated apoB than have elevated LDL cholesterol. 

Sniderman has used the term hyperapobetalipoproteinaemia to distinguish this group 

of individuals from those with hyperbetalipoproteinaemia (Sniderman et al 1980).

2.2.12 Prospective studies of apolipoproteins Al and B

Five prospective analyses have been reported (Table 2) in addition to the Tromso 

study. Relative risks for apoAI (range G.3-0.9) and apoB (range 1.1-2.5), are of a 

similar order to those seen in the NHLBI analysis of HDL and LDL cholesterol (Table 

1). It may be that the variability of the effect estimates is in part related to 

methodological imprecision in the apoprotein determinations (Bhatnagar and 

Durrington 1991).
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2.2.13 The apoB/apoAI ratio

De Backer et al showed in a study of 70 MI survivors and 70 controls (1982) that the 

apoB/apoAl ratio was the best single discriminator of myocardial infarction, correctly 

classifying 72% of subjects using stepwise discriminant analysis, compared with the 

following variables: total cholesterol, HDL cholesterol, HDL cholesterol/total 

cholesterol, and apoAII/apoAI. In univariate analyses apoB and HDL cholesterol were 

as effective as apoB/apoAI.

2.2.14 Summary

Current understanding of lipoprotein metabolism indicates that total serum cholesterol 

is a compound and confounded measure. Circulating cholesterol is associated with 

other lipids and apoproteins in several fractions which have contrasting roles in 

atherogenesis. In the majority of individuals the two most important of these in 

relation to cholesterol transport are LDL and HDL, the levels of which predict CHD 

respectively directly and inversely in men and women when measured before age 65.

The limited evidence from prospective studies suggests that low levels of apoAI and 

high levels of apoB, respectively the major apoproteins of HDL and LDL, predict 

future CHD events. Epidemiological data and pathophysiological considerations 

support the use of the apoB/apoAl ratio as a summary index of atherogenic risk.

Prolonged hypertriglyceridaemia is associated with future CHD risk in several studies. 

The relatively high within-person variance of TG compared with HDL cholesterol, to 

which it is inversely related, suggests that Reaven’s ’syndrome X’ risk profile of 

insulin resistance, raised TG and low HDL may be better indexed by apoAI levels 

than by TG levels.

In the context of this study, measurements of serum apolipoproteins Al and B and 

triglycerides are suitable for a detailed examination of atherogenic risk status in 

relation to socioeconomic status which goes beyond cholesterol.
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Table 2 Prospective studies of apolipoproteins and CHD

Study Design Apo Al Apo B

Tromso 12 cases, 16 controls Y* _

Ishikawa et al 1978 nested case control 
2 year FU,men aged 20-49

univ

N Karelia & Kuopio 54 matched pairŝ 0.4* ns
Salonen et al 1985 nested case control 

men/women aged 30-64̂  
5 year FU

univ

Gottingen (GRIPS) 5020 men aged 40-59̂ 0.9̂ 1.2"
Cremer et al 1988 population-based 

3 year FU
univ univ

US physicians 246 matched pairŝ 0.3" 2.5"
Stampfer et al 1991 nested case control 

occupational cohort 
men aged 40-84^
5 year FU

multiv multiv

Reykjavik 1332 men aged 45-72̂ 0.7" 1.3"
Sigurdsson et al 1992 population-based 

8.6 year FU
multiv multiv

Guernsey 51 cases 201 controls 0.6* 2.4*
Coleman et al 1992 population-based univ univ

women aged 26-88 0.5 1.1
1-9 years FU multiv** multiv**

FU = follow-up; univ = univariate analysis;
multiv = multivariate analysis after adjustment for covariates including smoking, systolic blood 
pressure, serum cholesterol.

* case/control means are significantly different; HDL better predictor

1 matched for age, sex, cholesterol, blood pressure, smoking
2 all subjects were free of cardiovascular disease at entry to study
3 matched for age, smoking, length of follow-up

a upper vs lower tertile b Standardised regression estimate 
c 5th vs 1st quintile, adjusted for age and smoking 
d adjusted for BMI and serum cholesterol 
e for apoB effect estimate total cholesterol excluded from model
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2.3 HAEMOSTATIC AND THROMBOTIC FACTORS

2.3.1 Introduction

Considerable evidence has accumulated that haemostatic function influences coronary 

risk and it appears that undue emphasis may in the past have been given to the lipid 

hypothesis in studies of the aetiology and prediction of CHD. Several mechanisms 

including thrombus formation, increased coagulability, raised blood viscosity and 

involvement of clotting factors in atherogenesis may be important. Specific clotting 

factors have been shown to be associated prospectively with increased risk of acute 

coronary events, and studies of behavioural influences on these factors - especially 

smoking, alcohol consumption and diet - suggest that haemostatic and thrombotic 

mechanisms may contribute to the explanation of social class differences in rates of 

CHD. More speculatively, data from London and Gothenburg suggest that fibrinogen 

may be responsive to adverse psychosocial factors.

2.3.2 Inadequacy of the lipid hypothesis

In his analysis of autopsies which had been carried out at the London Hospital 

between 1908 and 1949, Morris found that there was a decline from 30% to 16% in 

the prevalence of advanced atheromatous lesions of coronary arteries during a period 

when the number of ischaemic heart disease cases rose several-fold. He concluded 

that ’coronary thrombosis and CHD may not be simple and direct functions of the 

atheroma’ (Morris 1951a; Morris 1951b).

Morris’ work on the relation between physical activity and the pathological 

manifestations of CHD was an early piece of evidence that atheroma, while closely 

associated with coronary disease (Marmot and Davey Smith 1989), is unlikely to be 

the only pathological manifestation of risk. Levels of occupational physical activity 

were inversely related to the prevalence of large healed infarcts, but not to severe 

coronary atheroma (Morris and Crawford 1958). In addition, the rapid decline in CHD 

risk following smoking cessation would not appear to be due to regression of atheroma 

(Meade. 1987), since the CHD rate begins to fall in the first year. An explanation for 

these phenomena is that thrombotic and haemostatic processes are determinants of
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CHD (Duguid 1954; Meade 1987; Koenig and Ernst 1992).

Evidence interlinking lipid levels and haemostatic function is growing. It has been 

known for 40 years that the lipaemia following a rich meal is accompanied by an 

accelerated clotting time in vitro (Duguid 1954). Dietary fat and TG levels are both 

associated with factor VU coagulant activity (see Section 2.3.9). TG levels have 

shown a strong association with plasminogen activator inhibitor ! (PAI-I). PAI-I 

inhibits clot lysis, and has been shown to predict second myocardial infarction 

(Hamsten et al 1987).

2.3.3 Thrombus formation 

Several related processes are involved in the formation of arterial thrombi. Thrombus 

formation can occur over a fissured atheromatous plaque, which results in the exposure 

of a procoagulant surface. Factors including the coagulability of the blood, viscosity, 

fibrinolysis and platelet aggregability may then determine the response to the 

thrombotic stimulus (Koenig and Ernst 1992; Miller 1992a).

A counter-argument to the view that thrombosis is an important factor in CHD 

emerged with the report that most resuscitated ’sudden death’ cases appeared not to 

have the classical signs of MI (Cobb et al 1975). These findings were based on 

patients in Seattle who survived sudden death as a result of an intensive community 

programme of instruction in cardiopulmonary resuscitation. Only 16% of these 

patients had evidence of MI, but were nevertheless at continuing high risk of sudden 

death. These observations were taken to mean that sudden death is not a thrombotic 

event, but rather a result of damage to the conducting system (Meade 1987).

Subsequent studies, however, reported considerably higher proportions of sudden death 

survivors with signs of MI. Some degree of intraluminal or intraintimal thrombosis 

was the rule in sudden coronary deaths, but the exception in non-coronary sudden 

deaths (Davies and Thomas 1984). The current view seems to be that fresh thrombi 

may not be found at autopsy because they are partially or completely lysed, though 

initially present (Meade 1987).
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The precipitating events in arterial thrombosis are being investigated. Haemodynamic 

effects related to viscosity, perfusion and turbulence in the vicinity of sites of luminal 

narrowing may be important (Koenig and Ernst 1992). These are illustrated in Figure 

3.

Whole blood viscosity is determined largely by the concentration of erythrocytes. A 

linear increase in haematocrit produces an exponential rise in viscosity, which is 

inversely related to blood flow. Blood is a non-Newtonian fluid, in the sense that it is 

not an homogeneous solution, and exhibits an ’apparent viscosity’ depending on the 

shear forces applied. Viscosity is high at low shear and decreases at high shear. The 

flow behaviour of blood roughly follows the Hagen-Poiseuille equation:

V = ((5P.7t.r")/8.1) . 1/n

where V = volume flow rate, 5P = pressure gradient, r = vessel radius, 1 = length of 

vessel and n = blood viscosity. Since flow rate is proportional to the fourth power of 

the vessel radius, small changes in this latter parameter induce large changes in 

perfusion.

The viscosity of plasma is dependent on the concentrations of non-spherical high 

molecular weight proteins, particularly fibrinogen and macroglobulins (Koenig and 

Ernst 1992).

Myocardial ischaemia, potentially leading to angina, is dependent on vessel radius and 

blood viscosity, which in turn depends on the haematocrit and on fibrinogen 

concentration. Whether whole blood viscosity is a stronger predictor of CHD than 

fibrinogen, plasma viscosity or haematocrit remains to be determined.
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2.3.4 Haemostasis and atherogenesis 

Epidemiological evidence has accumulated that several haemostatic factors predict 

future CHD events, and an overview of these studies is presented below in section 

2.3.8. A number of haemostatic factors, including fibrinogen (Stuart and Lewis 1988) 

and PAI-I (Hamsten et al 1987), are acute phase reactants. It can be argued therefore 

that raised fibrinogen, for example, is secondary to atherosclerosis. Rather than 

preceding the formation of atheroma, such factors may be raised in response to 

underlying inflammatory or proliferative processes, particularly in smokers (Miller 

1992b).

Fibrinogen accumulates in atherosclerotic lesions (Duguid 1954), suggesting it, and 

other clotting factors, may be involved in plaque formation. Circulating levels of 

fibrinogen in adult populations are however high (ca. 3g/l in plasma) even in countries 

such as the Gambia (Meade et al 1986b) with very low rates of CHD. This suggests 

that fibrinogen may not be rate-limiting in CHD pathogenesis. It may be that high 

fibrinogen levels can be tolerated in the absence of atherogenic factors such as 

hyperlipidaemia. Amongst Gambians, for example, total cholesterol is around 

4.4mmol/l (Meade et al 1986b). The World Health Organisation considers that if 

mean total cholesterol is less than 5.2mmol/l in a population then CHD is unlikely to 

occur on a mass scale (WHO Expert Committee 1982).

Factors potentially of importance in atherogenesis and thrombogenesis were identified 

in an ecological study (Meade et al 1986b) of areas with low (Gambia), high (England 

and Czechoslovakia) and very high (Scotland and Finland) rates of CHD. Mean 

platelet counts were lower and fibrinolytic activity higher in Gambian men compared 

to European men, both of would be expected to confer protection from CHD. Factor 

VII levels by area reflected CHD risk, however there were no obvious trends in levels 

of fibrinogen, indicating perhaps that its role in the acute phase response (Stuart and 

Lewis 1988) weakens its predictive power in relation to CHD risk across countries at 

differing social and economic levels.

Von Willebrand’s factor (vWF) is involved in shear-induced platelet aggregation
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which, unlike that involving fibrinogen, is not aspirin sensitive. Experimental stenosis 

has been shown to produce platelet thrombi. Since atherosclerotic stenosis produces 

high shearing forces in arterial vessels, vWF may be a key entity in thrombogenesis 

(O’Brien 1990). Prospective studies with respect to CHD have yet to be conducted.

2.3.5 Glucose intolerance and haemostatic function

There is evidence that diabetes and glucose intolerance, both risk factors for CVD 

(Fuller et al 1983), are accompanied by altered haemostatic function. Factor VIIc but 

not fibrinogen was shown to be raised in diabetics (Simpson et al 1982). PAI-I tends 

to be raised in diabetic patients (Gray et al 1993). Davies et al (#3978) showed a 5 

fold higher prevalence of elevated lipoprotein (a) (Lp(a)) in IGT patients compared with 

age/sex/BMI matched controls in 72 screenees in general practice. Lp(a) was 

associated with CHD in a prospective case-control study (Rosengren et al 1990b). 

Lp(a) shows structural similarity to plasminogen, and high levels appear to inhibit 

plasmin formation, with the possibility that a hypercoagulable state may be induced.

A European multicentre study of 1484 individuals with angina or previous MI 

(Juhan-Vague et al 1993) shows the expected trends with hyperinsulinaemia of several 

measures of coagulation and fibrinolysis, including PAI-I, fibrinogen and vWF.

2.3.6 Fibrinogen

Fibrinogen is a large globular protein of hepatic origin with a molecular weight of 

some 340,000, comprising approximately 5% of total plasma protein. It is stable in 

solution since it carries a negative electrostatic charge, attributed to glutamate residues, 

which is removed by the protease activity of thrombin to form stable thread-like 

polymeric fibrin, the structural component of the clot.

Fibrinogen may promote atherogenesis directly through a role in plaque formation, 

since it, and cross-linked fibrin, is found universally in samples of human intima. 

Fibrinogen appears to bind apo B-containing lipoproteins thereby promoting lipid 

accumulation on the endothelial surface (Smith 1992). Fibrinogen has been shown to 

induce red cell aggregation, and to act as a cofactor for platelet aggregation in middle- 

aged men and women (Meade et al 1985).
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Fibrinogen may also influence atherogenesis indirectly as an important determinant of 

plasma viscosity, and consequently of blood flow rates (Section 2.3.3 above).

2.3.7 Factor VII

Factor VII is part of the extrinsic or tissue-dependent pathway of activation of the 

coagulation system. It is a protein synthesised in the liver with serine protease 

activity, and is a key step in the cascade of reactions leading to the conversion of 

prothrombin to thrombin.

Factor VII coagulant activity, determined by bioassay, is strongly associated with the 

factor VII antigen level. Activation appears also to be related to several plasma lipid 

fractions, including free fatty acids, cholesterol and TG-rich lipoproteins (Miller 

1992a). These phenomena are discussed below in Section 2.3.9.

2.3.8 Prospective studies of haemostasis and CHD

The relationship between haemostatic factors and CHD has received considerably less 

attention in observational studies than that given to blood lipids. Of the haemostatic 

variables studied, the evidence favours fibrinogen. It has been shown to predict CHD 

in six studies of men and one of women.

The first report of an association between high fibrinogen levels and the development 

of CHD came from the Northwick Park Heart Study (NPHS) in 1980, and to date a 

further five prospective studies have confirmed the relationship. These six studies are 

summarised in table 3.

Evidence of an interaction between fibrinogen and LDL cholesterol levels with respect 

to incident CHD comes from the PROCAM study (Assmann and Schulte 1993). Risk 

was similar in each of the three tertiles of LDL cholesterol amongst subjects in the 

lowest fibrinogen tertile. Subjects in the highest tertile of both factors had a relative 

risk of 6.1 compared to those with low fibrinogen. It should be noted that 

participation rates in this study of employees from 52 West German companies were 

rather low: 60% overall, varying between 40% and 80%.
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Factor VII has been shown to predict CHD in the NPHS and in a preliminary report 

from PROCAM (Balleisen et al 1987), though in this latter study findings were only 

suggestive with longer-term follow-up (Assmann and Schulte 1993). Similarly, in the 

NPHS factor VIIc appeared to predict early CHD events better than those between 5 

and 10 years of follow-up (Meade et al 1986a).

Other haemostatic parameters have been measured at baseline in one or more of these 

studies, but do not appear always to have been reported in relation to incident CHD. 

Amongst these are factors V and VIII, fibrinolytic activity, anti thrombin III, platelet 

adhesiveness and platelet count (Meade et al 1977). One may be tempted to take the 

view that the investigators concerned consider a null association to be unworthy of 

publication.

2.3.9 Determinants of clotting factor concentrations 

About one half of the population variance of plasma fibrinogen levels appears to be 

genetically determined (Miller 1992b). Ethnic and blood group differences suggest 

genetic components in the levels of factors VII and VIE, fibrinolytic activity and 

platelet count (Meade et al 1977; Lane et al 1992), though some of these effects may 

be due to unmeasured behavioural differences. Increasing age is associated with 

higher levels of the above clotting factors but lower fibrinolytic activity and platelet 

count (Meade et al 1977). Fibrinogen levels were higher in younger women than men, 

and in women appeared to rise more rapidly than men in the fifth decade in the 

baseline measurements of the PROCAM study (Balleisen et al 1985). The effects of 

age and menopause were not separated in these analyses.
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Table 3 Prospective studies of haemostatic factors and CHD

Study Design Fibrinogen Factor VII WBC count Viscosity

Gothenberg 
Wilhelmsen et al 1984

792 men aged 54 
1913 birth cohort 
13.5 year FU

\.T
univ

- - -

Leigh, Lancashire 
Stone & Thorp 1985

297 men aged 40-69’ 
General practice 
0.1-16.1 year FU

10.0”
univ

- - -

Northwick Park 
Meade et al 1986a

1459 men aged 40-64’ 
3 employed groups 
7.3-15.5 year FU

1.5" univ 
1,4 multiv

1.2" univ 
ns multiv

- -

Framingham 
Kannel et al 1987

554 m, 761 w aged 47-79’ 
population-based 
12 year FU

1.3" men 
1.3" women 

multiv

- - -

Münster (PROCAM) 
Balleisen et al 1987

1674 men aged 40-65’ 
employed men 
2+ years FU

3.3”
univ

2.3”
univ

- -

Caerphilly & Speedwell 4641 men aged 45-63 4.1' - 3.2' 4.5'
Yamell et al 1991 population-based 

2.8-5.6 years FU
univ̂ univ univ̂

FU = follow-up; WBC count = white blood cell count (Coulter); univ = univariate analysis;
multiv = multivariate analysis after adjustment for covariates including smoking, systolic blood pressure, serum cholesterol.

1 All subjects were free of cardiovascular disease at entry to study.
2 Fibrinogen and viscosity are highly correlated (î 0.57). Predictive power distributed between 2 variables.

a 5th vs 1st quintile, age adjusted; b upper vs lower tertile, age adjusted; c Standardised regression estimate



Weight at one year, but not birth weight, has been shown to be related to plasma 

fibrinogen and factor VIIc activity in men in their fifth and sixth decades in a study 

based on detailed birth records from Hertfordshire and Preston (Barker et al 1992). 

This is taken by the authors to indicate influences on early growth which modify 

coronary risk in later life, for example, via impaired liver development. The effects of 

potential confounding by unmeasured or poorly measured factors in adult life, some of 

which are discussed below, have not been well considered. Weight at one year is also 

related to smoking rates in these data but this seems unlikely to be a causal 

association.

Behavioural determinants

Fibrinogen levels are raised by cigarette smoking in a dose-dependent way and fall 

over a period of years with smoking cessation (Meade et al 1977; Balleisen et al 1985; 

Kannel et al 1987; Meade et al 1987). Moderate alcohol consumption is associated 

with lower fibrinogen levels compared with abstainers in both smokers and non- 

smokers (Meade 1987). Data from the NPHS suggests a 0.8% decrease in fibrinogen 

level for each unit (10ml ethanol) increase in consumption, and vice versa (Meade et 

al 1987). Diet does not appear to be an important determinant of fibrinogen levels. 

Levels were not significantly altered in dietary intervention studies with diabetics 

(Simpson et al 1982) or patients with severe hypertriglyceridaemia, nor in an earlier 

uncontrolled study of hyperlipidaemic patients (Elkeles et al 1980). Fibrinogen is 

positively associated with body mass index (Yamell et al 1983; Balleisen et al 1985) 

and has been found to be lower amongst those reporting higher levels of exercise 

(Elwood et al 1993a). Fibrinogen appears to be weakly related to serum cholesterol 

(Miller 1992a).

Observational (Dalaker et al 1985; Miller et al 1989) and experimental (Simpson et al 

1982; Miller et al 1986) studies suggest that diets containing a large proportion of fat 

have undesirable consequences for blood coagulability and factor Vllc levels. Degree 

of obesity is positively associated with factor Vllc. The extent to which this is 

mediated by TG levels is not clear (Balleisen et al 1985; Miller 1992a).
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Short term experiments suggest that factor VIIc levels may be reduced by dietary 

changes and/or weight loss (Simpson et al 1982; Simpson et al 1983; Miller et al 

1986), but only if accompanied by a reduction in serum TG (Marckmann et al 1990). 

The sparse evidence on the effect of longer-term interventions on factor VIIc activity 

is less convincing. In a cholesterol lowering intervention trial utilising diet, smoking 

and exercise advice, plasma factor VIIc and TG levels were similar in the intervention 

and control groups after one year despite a considerable reduction in plasma 

cholesterol (Dalaker et al 1985).

The nature of dietary advice may have an influence on the extent of reduction of 

cardiovascular risk, however factor VIIc levels appear to respond similarly to dietary 

fat reduction rather independently of its composition. Levels were reduced by both a 

low fat and relatively high saturates diet (PS ratio 0.28) and a low fat high 

polyunsaturates diet (PS ratio 0.89), whereas only the latter was associated with a fall 

in total serum cholesterol. Subjects in this short-term cross-over study (Marckmann et 

al 1990) of 11 healthy adults lost weight during the trial. The beneficial effect on the 

coagulation system may not be sustained over a longer period (Dalaker et al 1985).

It may be that both fasting and post-prandial hypertriglyceridaemia increase factor 

VIIc, and hence blood coagulability. After a fat-rich meal factor VIIc activity rises 

briefly, but antigen levels are not altered, whereas both parameters tend to be increased 

in hypertriglyceridaemic states (Miller 1992b). The mechanism remains to be 

established, but the incubation of plasma with added lipoproteins in vitro has no 

influence on factor VIIc (Miller 1992b). Familial LPL deficiency is not associated 

with raised factor VIIc levels (Miller 1992a), suggesting that the products of lipolysis 

such as free fatty acids, rather than the lipoproteins themselves, are important 

intermediates.

In summary, evidence indicates that smoking and alcohol consumption, but not diet, 

are important determinants of fibrinogen levels, whereas factor VIIc is influenced by 

the amount of dietary fat and weight loss, but not by smoking or alcohol consumption.
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Psychosocial determinants

A relationship between psychosocial factors and CVD has been reported in several 

studies (Kristensen 1989), some of which are discussed below in Section 2.5. Many 

physiological mechanisms have been proposed to explain the effect, amongst them 

processes involving the sympathetic nervous system and endocrine function (Karasek 

et al 1982), but a convincing explanation has yet to be provided. Fibrinogen and 

factor Vn are candidate mediators in this pathway in that they have been shown to 

predict CHD.

Some studies of social and psychosocial factors (Markowe et al 1985; Davey Smith et 

al 1989; Rosengren et al 1990a) show associations between job strain and levels of 

social activity, and fibrinogen levels. The potential importance of residual 

confounding in explaining these observations is highlighted by the analysis of 

haemostatic factors in Caerphilly and Speedwell men (Baker et al 1988). Substantial 

gradients in fibrinogen across the Registrar General’s social classes in both groups 

were reduced by an average of 65% by adjustment only for age and smoking habit, 

with the possibility that more detailed measures of exposure to tobacco smoke would 

entirely abolish the association. The importance of psychosocial factors is not thereby 

excluded, since such influences may determine fibrinogen levels indirectly via 

behaviours such as smoking. Some evidence for this is seen in an analysis of US 

survey data (Pieper et al 1989). Control at work, though not job demands, predicted 

smoking rates in the Exercise Heart Survey and the National Health and Nutrition 

Examination Survey II (NHANES II), though not in the Western Collaborative Group 

Study or NHANES I (see also Section 2.5.12).

Psychoneuroendocrine mechanisms can be elaborated to explain the possible link 

between psychosocial factors, fibrinogen and other haemostatic variables. Bjomtorp, 

for example, has proposed a pathway (Bjomtorp 1991) leading to visceral fat 

accumulation and insulin resistance. Loss of control and failure to cope produce a 

combined defence and defeat reaction, characterised by chronic hypothalamic arousal, 

raised secretion of adrenocorticotropic hormone (ACTH) and cortisol, and impaired 

synthesis of sex steroids. These endocrine disturbances are linked by Bjomtorp to
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visceral fat accumulation, hypertension and insulin resistance. This formulation can be 

seen as a psychogenic perspective on syndrome X/metabolic syndrome (Larsson et al 

1992; Assmann and Schulte 1992). A European multicentre study of 1484 individuals 

with angina or previous MI (Juhan-Vague et al 1993) shows that hyperinsulinaemia is 

associated with PAI-I, fibrinogen and vWF. Factor VUc was not reported.

2.3.10 Haemostatic factors and social class

The foregoing section suggests that haemostatic mechanisms may have a key role in 

mediating the inverse social class trend in CHD. There is some uncertainty about the 

primary causes of the clotting factor trends. The social class distribution of smoking is 

reflected in fibrinogen levels and appears to the critical explanatory factor in the 

Caerphilly and Speedwell data (Baker et al 1988). The study of men bom in 

Gothenburg in 1933 however showed an occupational class trend in fibrinogen 

restricted to self-reported never-smokers (Rosengren et al 1990a). In the small pilot 

study for Whitehall II (Markowe et al 1985) multiple regression with age, smoking, 

BMI and serum cholesterol, but not alcohol consumption, on fibrinogen left an 

’independent’ effect (Phillips and Davey Smith 1991) of employment grade. Similar 

findings emerged from a preliminary analysis of Whitehall II data (Davey Smith et al 

1989) which further showed in 931 individuals that adjustment for reported low control 

over work alone abolished the employment grade-fibrinogen association in men.

Factor VIIc is a candidate factor in explaining social class CHD differentials, though 

no gradient was evident at the NPHS baseline (Meade et al 1977). The influences of 

obesity and diet on factor VIIc render it an interesting variable in relation to social 

class, though British national surveys (Gregory et al 1990; MAFF 1990) suggest that 

social class differences in fat consumption are small.

2.3.11 Summary

Thrombotic and haemostatic processes may be key determinants of CHD risk and are 

the subject of current research. Prospective evidence is strongest for fibrinogen and 

factor Vn. Results for the latter have not yet been reported in a longitudinal study of 

women. The mechanism(s) responsible for elevation of fibrinogen prior to disease
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development has yet to be clarified, since it is an acute phase reactant. Recent 

research suggests that haemostatic function is linked to lipid and carbohydrate 

metabolism perhaps via central obesity and hyperinsulinaemia.

Social class differences in CHD risk in Britain and Sweden appear likely to some 

extent to be related to haemostatic function, though no prospective analyses have been 

conducted. Behavioural factors related to social class are determinants of fibrinogen 

(smoking and alcohol consumption) and factor VII levels (obesity and dietary fat). 

Some data suggest that fibrinogen levels may be raised by adverse psychosocial factors 

both at and outside work. It may be that fibrinogen is influenced by social 

organisation as well as by individual behaviour.
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2.4 SOCIOECONOMIC INEQUALITIES IN CHD

2.4.1 Introduction

The Health o f the Nation White Paper, identifies five key areas of preventive activity: 

cardiovascular disease, cancer, mental illness, HIV and accidents. It does not include 

the reduction of social inequalities in health amongst its targets, but tells us that ’in 

general, people in manual occupational groups have higher rates of illness and death 

than those in non-manual groups. With very few exceptions (eg breast cancer) death 

rates from the leading causes of death are higher in manual groups, though there are 

marked variations even within each group...The reasons for these [patterns] are by no 

means fully understood. They are likely to be the result of a complex interplay of 

genetic, biological, social, environmental, cultural and behavioural factors.’ (HMSO 

1992).

The implicit argument is that whilst we may be able to measure and predict social 

inequahties in health, as yet we cannot identify an effective policy to ameliorate them. 

This is so because we are unable to explain their causes adequately. These issues are 

explored in the following sections. The strengths and weaknesses of socioeconomic 

status measures are discussed. Evidence is presented relating to social differences in 

CHD, or in certain cases, in total mortality, since these two are closely related 

(Marmot et al 1984b; Valkonen 1989). Studies utilising biochemical risk factors are 

reviewed where data is available.

Socioeconomic status is a complex concept which encompasses material, social, 

cultural and psychological phenomena (Bunker et al 1989). In quantitative studies the 

most commonly used indicators are probably those most easily measured: income, 

education and occupation, though data on income are less readily available in Britain 

than in the USA (Bunker et al 1989). The British Registrar General’s (RG) social 

class classification is based on occupation. Additional components of social and 

material position which may be related to health include housing tenure and car 

ownership (Goldblatt 1990). Within an industry, or industrial population, 

categorisation of individuals by employment grade has proved to be a useful approach
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in studies of the social determinants of health (Hinkle et al 1968; Marmot et al 1978b). 

At electoral ward level several socioeconomic indices have been developed using 

census data (Townsend et al 1988; Carstairs 1989b; Jarman 1991) which have been 

shown to predict mortality rates.

2.4.2 Registrar General’s social class 

The RG occupational classification system began in 1911, and since then has 

undergone a number of revisions to update the assignment of occupations (Jones and 

Cameron 1984). The classification identifies substantial differences in total and cause- 

specific mortality across social strata (Marmot and McDowall 1986).

Occupational mortality statistics continue to be based on death certification, census 

data and the RG occupational social classes. The classification was developed by 

Stevenson to indicate ’way of life’ on a single scale. This he considered to be a 

characteristic of culture as well as of income and therefore more suited to the study of 

determinants of health (Goldblatt 1990). A similar classification system is used in 

Sweden but international comparisons (see Section 2.4.9) of occupational mortality 

differentials (Vagero and Lundberg 1989) are problematic since the social and material 

meaning of an occupation may vary between countries and cultures.

Numerator/denominator bias in occupational mortality data pose potential problems of 

interpretation. Occupation, assigned at death, provides the numerator, whilst the 

denominator (the population at risk) is provided by classification at the census. Since 

these two classifications are independent they may differ, to produce biased estimates 

of mortality ratios. This problem may be compounded by changes in the class 

designation of an occupation at successive censuses, and as a result of changes over 

time in the class composition of England and Wales (see also Section 2.4.8).

The mortality follow-up of a 1% sample of the 1971 census in the Office of 

Population Censuses and Surveys (OPCS) longitudinal study allows a comparison of 

the routine method for calculating standardised mortality ratios (SMRs) with one 

involving record linkage. This removes the possibility of numerator/denominator bias
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and showed that relative mortality differences between classes were similar using the 

two methods (Goldblatt 1990).

Own or spouse’s social class are each limited as measures for examining mortality in 

married women. Married women are classed as ’unoccupied’ if they do not work 

outside the home, and those who do have paid work may be poorly classified by their 

own occupation in terms of social and financial circumstances. Husband’s occupation 

proves to be a better predictor of mortality than that of the married woman (Moser et 

al 1990). For single women, own occupational class is a good predictor of mortality 

risk.

2.4.3 Education and health 

Educational level is the most commonly used indicator of socioeconomic status in 

epidemiology in the USA according to a literature search in the American Journal o f 

Epidemiology (Kaplan and Keil 1993). It has been shown to be a good predictor of 

all-cause mortality in the USA (Feldman et al 1989) and life expectancy in 

Scandinavian countries, Hungary and England and Wales (Valkonen 1989). Total 

mortality was inversely related to years of education, consistently amongst men, but 

more variably amongst women, as with the findings using the RG social class measure.

2.4.4 Employment grade based indices of social position 

In an occupational or industrial setting grade of employment provides a relatively 

precise measure of social, cultural and income status with more homogeneous groups 

than the foregoing approaches. This improved categorisation may reveal mortality 

differentials considerably larger than those reported in the Decennial Supplements. In 

the first Whitehall study, for instance, the relative risk of CHD amongst male office 

support staff was 4.0 compared to administrators after seven and a half years of 

follow-up (Marmot et al 1978b). The difference is an order of magnitude larger than 

the RG social class V minus I difference of 26% seen during the Whitehall follow-up 

period (Rose and Marmot 1981).
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Women were not included in the first Whitehall study (Marmot et al 1978b) but by 

analogy with the apparent weakness of RG class it would seem likely that unmarried 

women would be better classified than married women.

Employment grade categorisation confirms the continuous and stepwise relation 

between social position and CHD mortality risk. In the first Whitehall study it is not 

only those at the bottom of the hierarchy who are at extra risk. None of the 17,718 

men who entered the study could be considered to have been in absolute poverty and 

the CHD risk difference between senior administrators and executives was similar in 

size to that between office support staff and clerical workers (Marmot et al 1984b). A 

study of deaths from CHD in the ranks of the British army (Lynch and Oelman 1981) 

obtained similar results. Those who had risen to officer status during their career had 

rates of CHD intermediate to those of officers and the ranks. Finer subdivision of 

socioeconomic position often shows additional grading of risk differentials. Car 

ownership, for example, predicts CHD risk within employment grade in the first 

Whitehall study (Davey Smith et al 1990b).

2.4.5 Household circumstances

Measures of socioeconomic position which do not require occupation have proven to 

be similarly robust for both women and men. The classification of material household 

circumstances using access to cars and housing tenure has been shown to be a good 

surrogate measure of income (Goldblatt 1990). Amongst women, car access and 

housing tenure proved to be more powerful discriminators of mortality differences than 

RG social class. The use of these two characteristics allows comparisons of social 

inequalities in specific causes for men and women without the need to consider marital 

status. Substantial gradients in 1976-81 death rates due to ischaemic heart disease and 

CVD in both sexes are evident in the OPCS longitudinal survey (Goldblatt 1990). The 

increasing prevalence of owner-occupation and car ownership during the 1980s would 

tend to weaken the power of these measures.

2.4.6 Area based indices of social position

The characteristics of area of residence as well as those of individuals effectively

55



predict health inequalities. Using ward-level data from the Census, Townsend 

produced an area deprivation index for the Northern health region comprising 

proportion with access to cars, percentage unemployed, percentage of owner-occupiers 

and overcrowding which predicts area mortality rates (Townsend et al 1988). A 

similar index has been developed for Scotland (Carstairs 1989b). Jarman’s ward-level 

measure, utilising overlapping but different data, has similar predictive power to those 

above although devised to act as an index of workload in primary care (Jarman 1991) 

rather than to study the relation of area deprivation to mortality.

Excess mortality in the north of England and Scotland exists over and above these 

regions’ social class distributions, and this excess is statistically explained by car 

ownership, housing quality and unemployment rates (Carstairs 1989a). There thus 

appears to be a strong association between deprivation and mortality within region. At 

equivalent levels of area deprivation score, however, a North-South gradient in 

mortality is still evident (Eames et al 1993). Additional unmeasured factors appear to 

be important in the explanation of mortality rate differences between regions.

Because of the considerable heterogeneity within electoral wards, area based 

deprivation measures cannot distinguish between two possible, and not necessarily 

exclusive, explanations for effects on mortality risk. There may be a threshold effect, 

in which absolute poverty is the crucial factor, or alternatively, relative deprivation 

may determine risk. Socioeconomic status measures at the individual level suggests 

that health effects are worst at the bottom end of the social hierarchy, but do extend 

throughout the strata.

2.4.7 Summary

Individual, household or area-based indices of social inequality show strong 

relationships to life expectancy. Studies of individuals and households suggest that 

relative deprivation and socioeconomic position, not only absolute poverty, is a 

determinant of death rates. Employment grade appears to be the single measure most 

able to discriminate mortality gradients amongst men and probably single women, 

perhaps because groups are relatively homogeneous with respect to both material and
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cultural attributes related to health. The influence of the husband’s social status leads 

to the conclusion that for married women occupation, own income and education may 

be less precise than measures of material circumstances for defining social position.

The choice of measure for a given study will depend on theoretical and logistic 

considerations. Whitehall II was established to examine factors related to employment 

grade because of the heterogeneity in CHD risk across grades identified in the first 

cohort (Marmot et al 1978b), though this followed men exclusively. Additional 

questions on father’s social class, education and material circumstances may add 

information to that obtained with occupational status for men and single women as 

well as married women.

2.4.8 Time trends in the social class distribution of CHD 

In the earlier part of this century rates of coronary disease rose especially amongst the 

more affluent. It was then that the popular, but now incorrect, view of CHD as a 

disease of the better-off arose. In the post-war period the pattern of CHD mortality 

amongst men in England and Wales showed a dramatic change (Marmot et al 1978a). 

Though overall male rates continued to rise, CHD mortality in RG social classes IV 

and V increased to the extent that by 1961 the social class distribution had reversed. 

Throughout the period 1931-71 rates amongst married women were consistently higher 

in social classes IV and V than in 1 and 11. CHD rates tended to fall amongst married 

women aged 35-54 in non-manual classes throughout the period 1931-1981 (Marmot et 

al 1978a; Marmot and McDowall 1986).

Patterns of smoking by RG social class, according to Tobacco Research Council data, 

and expenditure by income group on sugar and wholemeal bread but not fat, derived 

from National Food Surveys, are consistent with social class differentials in mortality 

trends (Marmot et al 1978a).

lllsley argued that the size of social class V had declined and that of social class 1 

increased over the century, so making time trends uninterpretable (lllsley 1986). 

Increasing disparities in relative rates of all cause and coronary mortality have.
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however been found by several investigators using approaches devised to overcome the 

artefact and social selection argument (Le Grand 1986). Pamuk studied trends in class 

inequalities over the period 1921 to 1971 for England and Wales by indexing 

occupations to her own system which takes demographic and occupational changes 

into account (Pamuk 1985). Class inequalities appeared to have narrowed in the 1920s 

and increased again during the 1950s and 1960s to levels greater than those when the 

data series was established.

In Marmot and McDowall’s analysis (1986) of occupational mortality data for 1971 

and 1981 the three non-manual and three manual classes were combined into two 

groups to minimise the potential effects of misclassification and changes in the size of 

the social classes. Mortality rates from both periods were standardised to the 1979-83 

rates, permitting comparisons of SMRs in absolute as well as in relative terms. Their 

results show that CHD rates began to decline in England and Wales during the 1970s 

with that decline beginning first in the non-manual classes. Social inequalities in CHD 

mortality consequently appeared to widen over this period.

Valkonen (1989) used number of years of education, rather than occupation, to 

examine recent changes in socioeconomic inequalities by cause for England. Amongst 

men aged 35-64, his inequality coefficient, based on the regression coefficient of 

mortality on education, rose three-fold in the case of circulatory disease, and two-fold 

for all cause mortality, between 1971-75 and 1976-81. Inequalities in all cause 

mortality for women estimated with this method also increased during the 1970s.

There would seem to be considerable agreement that the inverse relation between 

social position and CHD risk in Britain has been growing.

2.4.9 International comparisons of social inequalities in CHD 

The study of international differences in CHD rates according to socioeconomic status, 

and other related factors, is of interest from an aetiological perspective. It has been 

noted above that international comparisons of mortality using occupational (Vagero 

and Lundberg 1989) and educational (Valkonen 1989) classifications are problematic, 

but nevertheless show the expected inverse relationships with social status.
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It was seen, most clearly amongst men, that the epidemic rise in CHD in England and 

Wales was initially linked with affluence and similarly that the decline started first 

amongst the better-off. This pattern, where higher status groups ’lead the way’, can 

also be recognised internationally. Countries undergoing industrialisation exhibit a 

direct association between social status and increasing CHD rates, whilst those which 

have achieved high average per capita income show an inverse association with social 

position. This has been demonstrated in Hong Kong, India, Poland and Puerto Rico, 

where rates are higher amongst the more affluent, and in the USA where CHD 

mortality declined first amongst the better-off (Marmot et al 1992).

The characteristic rise in CHD rates during the early phase of industrialisation 

followed by a fall in the later phase is strongly evident in Europe. World Health 

Organisation data (Uemura and Pisa 1988) show the clear distinction between falling 

rates in Western European countries between 1970 and 1985, with the exception of 

men in Eire, and rising rates in Bulgaria, Czechoslovakia, East Germany, Hungary, 

Poland and Romania. Interestingly, female rates in some of these Eastern European 

countries, particularly in Hungary and Romania, appeared to fall whilst male rates rose.

Japan does not exhibit this European/American pattern of CHD trends. Rates have 

been low during this century and have declined still further, as has all-cause mortality, 

so that life expectancy increased by 7.5 years during the 1970s and 1980s (Marmot 

and Davey Smith 1989). This phenomenon does not seem to have a conventional 

explanation. Two thirds of Japanese men smoke, and though the traditional low-fat 

Japanese diet is probably related to the low CHD rates compared with other developed 

countries, it is increasingly being replaced by a richer diet (Marmot and Davey Smith 

1989). The factor which does most clearly correspond to recent changes in longevity 

and CHD rates is prosperity. Japan’s Gross Domestic Product (GDP) has risen rapidly 

in the post-war period, placing it in the second rank after the USA, whilst income is 

more equitably distributed than in any other developed country (World Bank 1992). 

These apparent socioeconomic influences may be crucial, but do not extend to a 

biological explanation at present.
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Two economic factors - national GDP and social distribution of income - show strong 

relationships with life expectancy. Above a GDP per head of about $5000 in 1984 

gains in life expectancy at birth are not obtained. Below this figure, increases in GDP 

do appear to produce health gains (Wilkinson 1986).

Amongst developed countries it is income distribution rather than average income 

which appears to be operative. Whilst increases in life expectancy in the 23 member 

states of the Organisation for Economic Cooperation and Development correlate very 

poorly (r=0.07) with increases in GDP per head between 1970 and 1987, the 

association with national income distribution is strong. In the 12 European 

Community countries increases in life expectancy from 1975 to 1985 were highly 

related (r=-0.73) to changes in the proportion of each population in relative poverty, 

defined as those with disposable incomes of less than half the national average 

(Wilkinson 1992).

Internationally, rates of CHD across social strata appear in general to be related to 

phase of economic development, mirroring the pattern seen in England. National rates 

rise initially during industrialisation particularly amongst the affluent, who later tend to 

be the first group to experience a decline in CHD rates. This pattern is consistent with 

the perspective that lifestyle factors are of key significance in determining the pattern 

of CHD incidence, though there are very limited international data on patterns of diet, 

exercise and obesity. Evidence from the Japanese suggests that the lifestyle 

explanation is not adequate to explain CHD rates in all contexts. Future trends in 

Japanese CHD rates will be of great interest in view of their recent tendency to switch 

to a more Western dietary pattern and the very high smoking rates in that country. 

Macro-economic data suggest also that national income disparities are of key 

importance in understanding recent trends in life expectancy amongst developed 

countries. On this basis, it has been calculated (Wilkinson 1992) that if Britain was to 

adopt an income distribution like the most egalitarian European countries, average life 

expectancy would increase by about two years. Health related behaviour, whilst 

important, would not appear to be the underlying factor in this phenomenon.
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2.4.10 Socioeconomic status and coronary risk factors 

Blood pressure (BP) tends to be lower among those of higher socioeconomic status 

(Kaplan and Keil 1993; Pocock et al 1987), however this relation can be weak (Baker 

et al 1988; Gregory et al 1990; Stamler et al 1992). Blood pressure was inversely 

associated with education level in the Intersalt study (Stamler et al 1992) in men (28 

of 47 centres: -l.SmmHg per 10 additional years of education) and women (38 of 47 

centres: -4.5mmHg per 10 additional years of education). Adjustment for sodium 

excretion, potassium excretion, smoking, alcohol consumption and body mass index 

(BMI) reduced these estimates by about a half. Interestingly, in Intersalt alcohol 

consumption was inversely related to education level amongst men, but directly so 

amongst women. In the first Whitehall study, of men screened in 1967-68, mean age 

adjusted systolic BP was 4.2mmHg higher in unskilled manual workers compared with 

senior administrators (Marmot et al 1978b), and the proportion of hypertensives 

(systolic BP>160mmHg) fell stepwise from 17% to 11% across employment grades, 

from lower to higher status.

Although it has not always been the case, the prevalence of cigarette smoking is now 

inversely related to socioeconomic status in most industrialised countries, including 

Britain (Gregory et al 1990) and the USA (Kaplan and Keil 1993). Prevalence rates of 

smoking have been related to several indicators of social position, including income 

(Kaplan and Keil 1993), occupation (Marmot et al 1978b) and RG social class (Baker 

et al 1988). The inverse social position-smoking relation appears to have become 

stronger in recent years as those in higher social strata appear to have higher quitting 

rates (Kaplan and Keil 1993).

Relatively few studies appear to have examined the relation between socioeconomic 

status and serum total cholesterol. No relation was seen men in Caerphilly and 

Speedwell (Baker et al 1988) or the Dietary and Nutritional Survey of British Adults 

(DNSBA) (Gregory et al 1990), whilst in The British Regional Heart Study (Pocock et 

al 1987) and the first, and earlier, Whitehall study (Marmot et al 1978b) cholesterol 

was directly related to occupational status, being higher in higher status men. The 

DNSBA included women as well as men and again, no association was seen between
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RG social class and total cholesterol.

A number of analyses examine the relation between socioeconomic status and the 

protective factor HDL cholesterol (Kaplan and Keil 1993). In Caerphilly and 

Speedwell men (Baker et al 1988) HDL cholesterol was directly related to RG social 

class in one area, and inversely related in the other. Triglyceride levels showed no 

relationship to RG social class amongst these men. In the DNSBA HDL cholesterol 

showed no statistically significant relation in either sex, though there was a suggestion 

of a direct association amongst women (Gregory et al 1990).

Heiss et al (1980) showed that HDL cholesterol levels rise in men and women with 

increasing education level in the Lipid Research Clinics prevalence data. Covariance 

adjustment of HDL cholesterol means showed that differences according to education 

level in BMI, alcohol consumption, cigarette smoking, and in women, steroid hormone 

use, account for part of the gradients observed. Diet and physical exercise were not 

determined in this study, neither was measurement error considered in explaining the 

residual association.

The studies referred to above, examining predominantly men in middle age, suggest 

that differences in cholesterol levels according to social position have not contributed 

to social inequalities in CHD risk in recent decades. HDL cholesterol in contrast, 

exhibits a tendency to higher levels in those at higher social status in some 

populations, in accord with a role in the social gradient in CHD risk. Data from a 

study of 591 young American adults (Donahue et al 1985) suggest the social 

differences in lipid profile are established by the beginning of the third decade. Using 

college attendance as a discriminator of social status, HDL cholesterol was higher, and 

triglyceride levels tended to be lower, in men and women with higher education levels, 

whereas total and LDL cholesterol did not show statistically significant differences. 

Apolipoproteins AI and B were determined in a subset (n=172) of these individuals. 

ApoAI was higher in men (difference 14.5 mg/dl p<0.01) and women (difference 5.5 

mg/dl p>0.1) of higher educational achievement, paralleling the HDL cholesterol 

findings (Donahue et al 1986). ApoB results were not reported.
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There is growing evidence that haemostatic factors as well as blood lipids may mediate 

the association between socioeconomic status and CHD. Five reports have shown an 

inverse association between social position and fibrinogen in middle-aged men 

(Markowe et al 1985; Baker et al 1988; Davey Smith et al 1989; Rosengren et al 

1990a; Wilson et al 1993). In the Kuopio study (Wilson et al 1993) there was a strong 

inverse relation between fibrinogen and income, occupation, education and material 

possessions, but not childhood economic status. Individuals who were economically 

disadvantaged in childhood and were in the lowest quintile of adult income had higher 

fibrinogen levels than others. Socioeconomic gradients in fibrinogen remained after 

adjustment for BMI, smoking, alcohol consumption, physical fitness, white cell count 

and other covariates.

2.4.11 Behavioural factors and CHD risk 

There is no doubt that individual patterns of behaviour influence CHD risk. Cigarette 

smoking, for example, was estimated to account for 25% of the 648,540 deaths from 

CHD in the USA in 1975, compared with 80,000 deaths from lung cancer in the same 

year (US National Cancer Institute 1977 cited in Office of Population Censuses & 

Surveys 1990). There appears to be a linear dose-response effect within countries for 

tobacco, whereas in the case of alcohol, CHD risk typically exhibits a U-shaped 

relation to the level of consumption (Marmot and Brunner 1991). Case-control and 

prospective studies show the relative risk for CHD in moderate drinkers (men ^ 1  

units/week; women <14 units/week) is less than unity compared with never drinkers, 

but above these levels increased drinking is associated with higher risk.

The physiological pathways which mediate these behavioural effects on CHD risk are 

less clear. Mechanisms are likely to be multifactorial. For example, cigarette smokers 

have been shown to have lower levels of HDL cholesterol (Criqui et al 1980) and 

HDL apoproteins (Berg et al 1979), higher triglycerides (Donahue et al 1985) and 

higher plasma fibrinogen (Meade et al 1977).

Many perspectives, reflected in the approach taken in official literature on CHD 

(LAYH Programme 1990), tend to de-emphasise the importance of the origins of
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health-related behaviour patterns, and the possibility that psychosocial influences may 

be important in aetiology and prevention. Section 2.5 gives broader consideration to 

pathways through which social status differences in CHD risk may act.

2.4.12 The importance of early life

Recent interest in the impact of early development on future cardiovascular (Barker

1989) and respiratory (Barker et al 1989) disease has grown from a recognition that 

lifestyle factors in middle age appear unable to explain all of the social class and 

geographical variations in rates of these diseases observed in Britain (Cade et al 1988).

Research on the aetiology of CHD has tended to emphasise middle-aged populations as 

the most suitable for study, perhaps because of the higher incidence of the disease and 

its pathophysiological manifestations in older individuals. Barker’s group has 

produced considerable evidence for the significance of fetal and early growth for later 

cardiovascular and respiratory disease (Barker 1990), which has refocused attention 

onto the whole of the life course.

For example, deprivation in infancy indexed by high area infant mortality rates is 

linked to high area adult CHD rates in England and Wales (Barker and Osmond 1986). 

This observation may imply a direct influence of early unfavourable factors on later 

health. The abolition of the effect by adjustment for current area social deprivation 

(Ben-Shlomo and Davey Smith 1991) suggests that confounding may be an alternative 

explanation. If this were the case, then birth weight, for example, would be a marker 

for adverse influences acting later in life, rather than a measure of metabolic 

programming, as proposed by Barker and his co-workers (Barker et al 1992; Fall et al 

1992; Robinson et al 1992).

2.4.13 Summary

International and British data suggest the pattern of CHD risk in recent decades 

appears to be related to affluence and industrialisation, but not in a constant way. 

Initially CHD tended to be directly related to social position, but more recently rates 

have declined fastest amongst the most affluent. There is considerable evidence that
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the inverse relation between social position and CHD risk in Britain grew during the 

1970s. The degree of inequity in the distribution of national income across social 

strata appears to be an important predictor of life expectancy in developed countries.

There is evidence linking social position to major biochemical risk factors for CHD. 

Lower social status has been associated with progressively less favourable levels of 

several factors, with the exception of serum cholesterol. Amongst these are HDL 

cholesterol, apoAI and fibrinogen, all of which appear to be influenced by cigarette 

smoking and other health related behaviours. It may be that early adverse conditions 

which impair fetal and infant development are also determinants of adult 

cardiovascular risk. Such effects are suggested by the associations of cholesterol and 

fibrinogen with early influences.
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2.5 PSYCHOSOCIAL FACTORS AND CORONARY HEART DISEASE

2.5.1 Introduction

Measures of social status, income, employment and education consistently identify 

gradients of coronary risk and several of the major risk factors, but the nature of the 

influences which these measures capture is open to debate (Bunker et al 1989). 

Considerable research attention has been given to material and behavioural factors 

related to social position, whilst comparatively less effort has been applied to the study 

of psychosocial factors which may influence CHD risk either directly or indirectly.

This chapter discusses concepts and methodology within the field of psychosocial 

research which underlie the present study. Factors relating to psychological, material 

and occupational domains are considered which may illuminate the relation between 

socioeconomic status and coronary risk. These sections are followed by summaries of 

cross-sectional and prospective studies of psychosocial and biological risk factors, and 

health conducted previously in the USA and Scandinavia.

2.5.2 Rationale for the study of psychosocial factors in CHD aetiology 

Smoking, low exercise rates and other risk behaviours for CHD exhibit a stepwise 

increase as the social strata are descended, and therefore offer a causal explanation for 

CHD risk differences at the individual level. The evidence suggests these factors are 

important but at the same time do not account (Marmot et al 1978b; Davey Smith et al 

1990b; Hein et al 1992) for the size of socioeconomic gradients in CHD risk, even 

considering the underestimation of effects resulting from measurement errors. The 

behavioural explanation is not sufficient because it does not satisfy the evidence in its 

own terms. Genetic differences seem unlikely to account for much of the social 

variation in CHD in view of the inversion in its class distribution earlier this century. 

Studies of ABO blood group prevalence provide additional evidence for genetic 

homogeneity across RG social classes in England (Mascie-Taylor 1990). Reverse 

causality, i.e. health-related social selection (Blane et al 1993), has been shown to 

account for only a small part of health inequalities in recent British studies (Fox et al 

1985; Power et al 1986).
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To increase understanding of the influences on health generally, and on risk of CHD in 

particular, explanations may also be sought at the levels of social organisation, and of 

psychological processes. These psychological factors may or may not be associated 

with social status. In practical terms, effective strategies for prevention require an 

understanding of the links between social organisation, health beliefs and behaviour.

2.5.3 Psychosocial research concepts 

The belief that stress may cause illness has been widespread for centuries. It 

nevertheless remains for this intuitive view to be translated into an accepted body of 

knowledge. Part of the difficulty resides in the multiplicity of factors and processes to 

be considered. Psychosocial research has rather flexible boundaries, however the 

economic, social and psychological domains can each be seen as areas within its remit.

With this broad view, several components of psychosocial research in relation to health 

have reached legitimacy. Amongst these are the associations between social and 

economic status and health, discussed above, and the psychological determinants of 

health related behaviours (Calnan 1989). Directing attention to the putative 

relationship between ’stress’ and CHD a number of conceptual models are available. 

The general susceptibility theory (Cassel 1976) assumes a unitary stress process where 

environmental demands for change exceed the capacity of the organism to maintain 

homeostasis. Many classes of disease conform to the prediction of this theory and 

exhibit inverse relationships with social position (Marmot et al 1984b; Townsend et al

1990). This is not true universally: breast cancer, Hodgkin’s and Parkinson’s disease 

do not follow this pattern, and the recent change in the social distribution of CHD 

implies that a multifactorial model of stress and CHD may have greater value. It may 

be seen as ironic that a well-known stress researcher wrote, shortly before the demise 

of the Soviet Union, the following:

’The likelihood that ’stress’ will fade away from our vocabulary is as 

good as the chances that the state will wither away in communist 

Russia’

Stanislav Kasl (1987)
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More differentiated models allow the possibility of a variety of biological pathways 

linking different classes of environmental demand to CHD, and other disease end

points (Theorell 1992). These approaches are more in keeping with the evidence of 

diversity in the distribution of disease in different societies and, in addition, permit the 

formulation of testable hypotheses relating particular psychosocial factors to defined 

responses. Two extreme perspectives can be distinguished, one which is an extension 

of the behavioural explanation of CHD aetiology to include study of the psychosocial 

determinants of risk behaviours. The other proposes direct effects on the 

cardiovascular system which are not mediated by the classical behavioural factors such 

as smoking. Though these two types of effect seem unlikely to be mutually exclusive, 

it is crucial to make the distinction between them if a valid analytical scheme is to be 

followed.

2.5.4 Mechanisms of action of psychosocial factors 

When Friedman and Rosenman (1958) announced their well-known study showing a 

rise in serum cholesterol amongst accountants as the US April 15th tax deadline 

approached, fellow delegates at the American Heart Association convention responded 

with disbelieving silence (Friedman and Rosenman 1974). The prevailing medical view 

at the time was that the serum cholesterol level reflects primarily the individual’s 

constitutional and nutritional status and is not influenced directly by the central 

nervous system. Since then, the observation that psychological state may influence 

lipid levels directly has been frequently repeated. Dimsdale and Herd’s review (1982) 

of 60 studies, conducted in the 1960s and ’70s, of emotional arousal and lipid levels 

shows such an effect with free fatty acids as well as cholesterol, but no consistent 

pattern of TG responses.

The nature of the mechanisms underlying psychological effects on lipids, blood 

pressure and CHD risk, remain unclear. Kasl et al’s controlled longitudinal study 

(1968) of job loss implies that several physiological pathways are likely to mediate 

psychosocial influences on health. 200 blue collar men were followed from the 

anticipation of job loss until re-employment. This group showed more variability, 

compared to controls, in serum uric acid, and cholesterol tended to increase on job loss
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and decline on re-employment. Nurses’s ratings of sadness, anxiety and low self

esteem were directly associated with cholesterol levels. Notably, the variability of 

cholesterol and that of urate were not associated - implying separate control 

mechanisms.

Physiological systems potentially relevant, aside from lipids, have been implicated in 

the stress pathway (Theorell 1992; Karasek et al 1982), but much evidence remains to 

be assembled. The haemostatic system may be the most important of these. Cross- 

sectional studies on civil servants (Markowe et al 1985; Davey Smith et al 1989) have 

generated an hypothesis linking work stress to plasma fibrinogen, however the 

mechanism of this pathway is not clear. The role of the immune system, for instance 

immunoglobulin G (Theorell et al 1990c), has also received attention. The autonomic 

nervous system and increased catecholamine release from the adrenal medulla 

(Dimsdale and Moss 1980; Lonnqvist et al 1992; Theorell et al 1972) may produce 

higher basal and stimulated blood pressure levels in stress situations. The 

hypothalamic-adrenal cortical and gonadal axes are known to be influenced by both 

autonomic and somatic stimuli. The trophic secretions of the anterior lobe of the 

pituitary are particularly implicated, with investigations focused on cortisol (Rahe et al 

1974; Theorell et al 1990a), prolactin (Theorell et al 1990a; Theorell 1993), adrenal 

androgens including dehydroepiandrosterone (Herrington et al 1990; Coleman et al 

1992) and sex steroids including testosterone (Theorell et al 1990b).

Bjomtorp (1991) has proposed that the defeat reaction, accompanied by elevated 

cortisol secretion, may be associated with increased visceral adiposity and 

hyperinsulinaemia, which in turn have been linked to raised levels of several 

haemostatic factors (Juhan-Vague et al 1993). This latter pathway is a useful model 

since it links psychogenic effects to disturbances of carbohydrate, lipid and clotting 

factor metabolism, each of which are implicated in the aetiology of CHD. The degree 

of importance of this pathway is however not clear.

2.5.5 Psychosocial variables used in epidemiological research 

Indicators of social status have been associated with a diversity of psychosocial factors
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including the size and quality of family and social networks (Berkman and Syme 1979; 

Orth-Gomer et al 1988), cognitive and affective characteristics (Eaker et al 1992) and 

mental health (Dohrenwend 1990). Occupation is often used as a measure of social 

status, and a body of research has accumulated (Karasek and Theorell 1990) which 

explores ways in which the characteristics of different jobs may influence health. 

Findings in this latter area are not consistent, but there is evidence (see Section 2.5.9) 

that work which lacks variety and makes high demands without offering the 

compensating ability to control events does predict CHD (Karasek et al 1981; Haan

1988).

The two factor approach focuses on the relationship between environmental stresses 

and individual or group coping resources and responses. The Karasek model, for 

example, utilises subjectively reported job demands which represent a measure of 

work-related stress, whilst the perceived degree of control over pace and schedule at 

work indicates the level of personal resources available to meet those demands.

Earlier, Holmes and Rahe devised the Social Readjustment Rating Scale to capture 

’objective’ stresses such as bereavement, job loss and moving house and to relate these 

to the onset of illness. This scale has a number of weaknesses (Bunker et al 1989).

For example, certain events included in the scale, such as moving house, may be either 

socially and personally desirable, or may be the consequence of financial hardship.

The scale also exhibits a social class bias since events such as registration for social 

security benefits would not be recorded, whilst taking out a mortgage would produce a 

higher stress score. Whitehall II respondents completed a later modification of this 

method (Ruberman et al 1984) utilised in the Health Insurance Plan (HIP) Study which 

addresses the first weakness referred to above by eliciting a scaled response to the 

question ’how much did it upset you?’ for each item (see Appendix 1 Q75-78).

The HIP study (Ruberman et al 1984) of 2320 men aged 30-69 years was an ancillary 

study to the 6-Blocker Heart Attack Trial, a multicentre randomised controlled trial of 

propranolol in the secondary prevention of CHD. Psychosocial interviews were 

conducted within 6 months of MI to examine effects on survival of stressful life events 

in the previous year (serious crime/accident/divorce/financial problems), social

70



isolation, type A pattern, and depression. The response rate in the HIP study was 90% 

overall (70% amongst those who died during the baseline interview period). The 

relative risk over 3 years for sudden coronary death and total mortality was 5.6 and 4.6 

respectively for those reporting social isolation and high stress, compared to those 

reporting neither. The Cox model included the following factors: age, myocardial 

function, treatment group, smoking status and education level. There was an inverse 

association of mortality with level of education. Isolation and life stress were more 

prevalent in the less educated subjects.

Social psychologists endeavour to assess global life satisfaction by means of single and 

multiple item scales which elicit responses to general questions concerning subjective 

well-being. Two of these, the Satisfaction With Life Scale (Diener et al 1985) and the 

Affect Balance Scale (Bradbum 1969) are included in the Whitehall II baseline 

questionnaire (see Appendix 1 Q73, Q74). Three components can be identified: 

positive and negative affect, and life satisfaction. The latter cognitive aspect refers to 

judgements concerning the respondent’s view of personal circumstances in comparison 

to unspecified standards by means of a scaled response to questions such as ’If I could 

live my life over again I would change almost nothing’ (Diener et al 1985). In a 

group of undergraduates Diener’s five-item Satisfaction With Life Scale (SWLS), 

which includes this question, showed moderate correlations with Bradbum’s Positive 

Affect Scale (ca. 0.50) and Negative Affect Scale (-0.34). The SWLS was also 

validated by comparison with interviewer ratings in a group of men and women with 

an average age of 75 years. The correlation with their ratings was 0.43, whilst SWLS 

item-total correlations were in the range 0.61-0.81. Bradbum, contentiously 

(McDowell and Newell 1987), sums scores on his positive and negative affect scales to 

give a unidimensional Affect Balance Scale (ABS) which does not explicitly include a 

judgemental component (Bradbum 1969).

Another hypothesis, popular in the 1970s, relates behaviour pattems to CHD risk. The 

well-known type A behaviour pattem, characterised by competitiveness, striving for 

achievement, hostility (sometimes repressed), time urgency and restlessness, predicted 

incident CHD amongst white-collar men in both the Westem Collaborative Group
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Study (Rosenman et al 1975), initiated in California in 1960, and the Framingham 

Study (Haynes et al 1980). Adjustment for established risk factors including smoking, 

blood pressure and serum cholesterol did not abolish the type A effect in either study, 

implying that it may operate independently of them. The effect was less consistent 

amongst Framingham women, being significant only after adjustment for other factors, 

and was not evident in blue collar men (Haynes et al 1980). Subsequent studies, 

whether of those at high CHD risk (Shekelle et al 1983) or drawn from the general 

male population (Johnston et al 1987), do not confirm the type A hypothesis.

In Britain, increasing mean type A scores as the RG social classes are ascended have 

been observed in the general male population (Johnston et al 1987) and in male and 

female civil servants in the present study (Marmot et al 1991). Consideration of the 

behavioural styles linked with occupational success makes this direct association the 

expected one (Marmot 1980). Type A behaviour is thus an unlikely candidate 

explanation for the inverse social class-CHD relationship. The weakness of the 

hypothesis has led researchers to examine components of the type A behaviour pattem. 

Hostility and impatience were those aspects of the pattem best correlated with CHD in 

a factor analysis of the Westem Collaborative Group data (Matthews et al 1977). The 

38-item Cook-Medley hostility scale (Cook and Medley 1954) is included in the 

Whitehall II questionnaire and will be used to test the proposed link between hostility 

and biochemical risk factors.

More recent constmcts developed in the psychosocial field seek to quantify personal 

resources which might provide a buffer against the stresses of life. Locus of control 

(intemal v. external orientation), efficacy and coping style (Bunker et al 1989), for 

example, are often seen as individual psychological attributes which may be related to 

health status or prospects. Such characteristics may represent a cognitive response to 

the individual’s social situation, rather than a psychological trait. Fatalism with respect 

to prospects for preventing heart attack, which is examined in this survey (see 

Appendix 1 Q38b), can be viewed either as a potential predictor of disease (Eaker et al 

1992), which may be distributed unequally across social strata, or as an outcome itself.
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reflecting the differing experiences of individuals of differing social status (Bunker et 

al 1989).

2.5.6 Choosing the appropriate analytical model 

The importance of a conceptually clear analytical model was referred to in section 

2.5.3. Analyses conducted on the Framingham cohort at follow-up intervals of 8 years 

(Haynes et al 1980), 10 years (Lacroix and Haynes 1984) and 20 years (Eaker et al 

1992) attempt to show that for a given psychosocial variable there is an independent 

effect on CHD risk after controlling for established risk factors. Eaker et al (1992), 

for example, control for age, systolic blood pressure, total cholesterol/HDL cholesterol 

ratio, diabetes, cigarette smoking and body mass index in their analysis, and refer to 

the hypothalamus as the most probable centre for transduction of the psychological to 

the physical in their discussion. The assumption being made is that psychosocial 

factors operate on a pathway not involving blood pressure or lipids.

Alternatively, Pieper et al (1989) and others (Netterstrom et al 1991) follow the 

approach of Friedman and Rosenman in seeking to demonstrate associations between a 

psychosocial exposure and established coronary risk factors. In Pieper’s study data 

from 12,555 men in five national surveys were utilised to study the effect of work 

stress. The results give some support to the job strain-CHD risk hypothesis. The 

analysis (see Section 2.5.12) suffers from an important weakness - work characteristics 

were assigned to each occupation rather than directly measured.

A key analytical consideration is that of adjustment for socioeconomic status.

Measures of socioeconomic status and psychosocial characteristics of work are 

statistically related. Professional occupations, for example, are generally respected and 

command high incomes whilst the opposite is true of service occupations such as 

catering. Certain characteristics of work, particularly variety, intellectual discretion 

and opportunities to develop new skills tend to be more closely associated with 

occupational status than pace or demands, which are more likely to be determined by 

the specific conditions in the individual workplace (Karasek et al 1981). Attempts to 

reveal the underlying causal variable are therefore hampered by confounding if the
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objective is to determine the means by which social inequalities become translated into 

unequal disease risk. If monotony at work, for instance, predicts CHD or is associated 

with a biochemical risk factor such as fibrinogen, then several interpretations may 

follow from multivariable analysis in which the addition of a term for social class 

abolishes or attenuates the psychosocial effect. The formal confounding may be more 

specifically viewed as mediation (lower status jobs are more likely to be monotonous, 

and monotony constitutes a neurophysiological strain) or non-causal association (risk 

is associated with social status, but not influenced by monotony at work).

In cross-sectional data a third interpretation may be appropriate, that the observed 

exposure-outcome association is a product of the outcome, rather than the effect of the 

exposure. Again the precise explanation may be ambiguous: the reverse causality may 

be direct (fibrinogen is an acute-phase reactant) or indirect (health-related downward 

mobility to more monotonous occupation).

2.5.7 Measurement considerations 

If an effect of interest, say monotony-CHD, remains after adjustment with a social 

status variable, the effect is often considered to be strong, and vice versa.

Consideration of the measurement errors associated with such factors highlights the 

potential for artefactual results from such multiple regression analyses (Phillips and 

Davey Smith 1991). Which term in the regression model captures more of the 

variance of the outcome variable across social strata depends as much on the relative 

precision of the measurement as on the ’true’ underlying relationships.

The use of subjective work characteristics raises another measurement question. Self- 

reported psychosocial measures may be biased by ’plaintive set’ (habitual tendency to 

complain), social and occupational norms, affect, mental health and well being 

(Marmot and Madge 1987). This type of bias is recognised in relation to self-report of 

health i.e. the amplification of somatic symptoms (Barsky et al 1988), but may also 

produce distortion in the reporting of job strain, for example. It is therefore important 

that the contamination of exposure variables by psychological trait or state does not 

also influence the outcome variables - these should not be self-reported (Marmot and
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Madge 1987). The use of laboratory risk factor measurements fulfils this requirement, 

though they may be less readily interpretable than mortality or a more conventional 

index of morbidity.

The timing of psychosocial exposure measurements is a factor which may affect the 

researcher’s ability to show biological associations. The threshold, duration or dose- 

response characteristics of the psychosocial exposure may be such that an effect is not 

readily detectable. A reported life event (Ruberman et al 1984), such as the 

experience of a mugging, may trigger transitory health or physiological effects which 

would not be evident after a year, although such events would register in the life event 

score. Characteristics of work may be variable, for instance, during a period of 

reorganisation or redeployment, or as a result of promotion. In these circumstances 

reporting is open to bias due to current working conditions. The Tecumseh 

Community Health Study (described in Section 2.5.12) illustrates this problem. High 

levels of strain predicted mortality in a sub-group of participants who were surveyed 

twice, but not amongst those who were surveyed on one occasion (House et al 1986).

2.5.8 Work characteristics 

Individuals in employment have placed themselves in situations which entail some 

degree of externally imposed stress. Together with its social and economic rewards, 

being in work generally carries health benefits (Beral et al 1985), yet occupation sorts 

individuals into groups with widely differing health expectations (Hinkle et al 1968; 

During et al 1987). Inequalities research has tended to emphasise income and 

behavioural factors in explanations of this phenomenon (Townsend et al 1990). The 

less tangible aspects of working life, related to its psychological effects, have been the 

subject of study since World War 2, particularly in the USA and Sweden (Kristensen

1989). CHD end-points are frequently employed in such studies because of their high 

prevalence, and perhaps because there is popular belief in stress as a cause of heart 

disease (Davison et al 1992; Nutbeam and Catford 1987; Cox et al 1987).

There can be little doubt that psychosocial factors including demands at work, 

autonomy, skill use and social support show wide variation across the occupational
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spectrum in industrialised countries (Karasek and Theorell 1990). Although such work 

characteristics have been shown to be associated with fatal and non-fatal CHD in 

prospective studies (Karasek et al 1981; Haan 1988; Lacroix, Haynes 1984; House et 

al 1986; Siegrist et al 1990) as well as in some cross-sectional ones (House et al 1986; 

Johnson and Hall 1988; Hammar et al 1992), the evidence is suggestive rather than 

consistent: the question of the direct causal significance of psychosocial factors at 

work vis a vis CHD remains.

2.5.9 The demand-control model of job strain 

Karasek et al’s prospective study (1981) of a random sample of Swedish employed 

men initially free of symptoms found job strain, defined below, to predict development 

of a CHD indicator over six years. In the Framingham study (Lacroix and Haynes 

1984), however, there was no association after 10 years of follow-up in men, but for 

women both passive work and job strain predicted CHD incidence, after adjustment for 

smoking, serum cholesterol and blood pressure. Here job strain was defined in terms 

of demands and support from supervisors rather than control. The effect was strongest 

in married women with children in clerical, relatively low status, jobs. In Haan’s 

(1988) prospective analysis of 10 year incidence amongst 902 Finnish metal workers, 

job strain predicted fatal and non-fatal CHD after controlling for age, sex and health 

related behaviours. However the composite exposure variable was defined as physical 

strain as well as variety and control at work, and thus may be confounded by other 

factors related to socioeconomic status.

Karasek's demand-control model (1981) derives from the Marxist concept of 

alienation: is the worker alienated from the work process? Psychological demands 

constitute the work stress dimension of the model, whilst job decision latitude, or 

authority over decisions, represents the control over work dimension. A case-control 

study (Hammar et al 1992) based on more than 100,000 men and women aged 30-74 

in four Swedish counties using record linkage of national registers showed substantial 

occupational variation in CHD risk. Applying the Swedish classification of 

occupations according to work characteristics (Alfredsson et al 1985) to these data, 11 

of 26 high CHD risk occupations are classed in the high demands/low control
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quadrant, while 4 of 32 low risk occupations are similarly classified into this high 

strain category. Statistical support for Karasek's two-dimensional model is however 

weak. Multiplicative interactions have been observed (Johnson and Hall 1988) 

between the dimensions of the model, but are generally not seen (Theorell 1992).

2.5.10 Validity of the Karasek measures

The Karasek job strain dimensions were developed utilising data from personal 

interviews with 1461 Swedish men in employment (Karasek et al 1981). This 

involved estimation of content validity by comparison of self-reports of job 

characteristics with external evaluations of skill ratings and with objective job stressors 

such as piece work and lack of rest breaks. The Guttman psychometric technique 

(McDowell and Newell 1987) was used to assess internal validity. This technique 

quantifies the unidimensionality of the selected scale items on a hierarchy of severity, 

and their representativeness compared with the entire response (respectively the 

coefficients of scalability and reproducibility). The indicators of job demands and 

personal schedule freedom, which is a component of the job decision latitude 

dimension, are each valid, according to the Guttman criteria.

2.5.11 Alternatives to the demand-control model

Other approaches to job strain measurement have been used. Siegrist employed a 

somewhat different two dimensional model to that of Karasek to study blue-collar men 

(Siegrist et al 1990), with workload and status control being the main job strain factors 

predicting disease, again assessed by self-report. Data on wages and job insecurity are 

components of the status control dimension. Individual coping characteristics were 

also assessed by questionnaire, to form a third dimension indexing coping style and 

emotional well-being. Items such as vigour (ambition, perfectionism) immersion 

(continual but frustrated effort) were identified with factor analysis.

An alternative to self-reported characteristics in the evaluation of job strain is to use 

external assessment. External - not of course objective - assessment presents practical 

and theoretical difficulties, and both poor agreement with subjective assessments and 

low predictive power may be found (North 1990). Aggregated job characteristics have
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been used in place of individual level data in Sweden (Alfredsson et al 1985) and the 

USA (Pieper et al 1989), based on representative samples taken from the working 

population. The use of occupational level data avoids individual distortion, but allows 

neither for workplace nor individual differences, and may lead to severe 

underestimation of effects, for instance, in relation to job demands which show 

relatively small variance between occupations (Karasek and Theorell 1990).

2.5.12 Studies employing psychosocial and biochemical factors 

Below, six studies involving the measurement of psychosocial and biochemical factors 

are described. The first two utilise biochemical factors as outcome variables, whilst 

the latter employ serum cholesterol, HDL-, LDL cholesterol or triglycerides as control 

variables.

Columbia University meta-analysis

Pieper, LaCroix and Karasek (1989) conducted a meta-analysis of psychosocial 

dimensions of work and CHD risk factors in American men with data from the first 

and second National Health and Nutrition Examination Surveys (NHANES I and II), 

the National Health Examination Survey (NHES), the Western Collaborative Group 

Study and the Exercise Heart Survey. In total, data from 12,555 men aged 18-64 were 

analysed who had been examined in the period 1959-80. CHD cases were excluded. 

Karasek job dimensions were assigned to each individual using an imputation strategy, 

based on other US occupational survey data, with adjustments to allow for age, 

ethnicity, education and other demographic factors. Quality of Employment Survey 

data for 1969, 1972 and 1977 provided summary indicators of work characteristics at 

the occupational level, derived from the questionnaire responses of 2946 men.

On a study by study basis, relations of job decision latitude and psychological demands 

to serum cholesterol and diastolic blood pressure were equivocal or weak, whilst with 

systolic blood pressure and smoking seven of the eight statistically significant 

associations were in the expected direction. Interaction tests were conducted to test 

the demand-control model prediction. For cholesterol, none was significant, though 

three of five parameters lay in the predicted negative direction. Pooled regression

78



analyses showed no significant effects of job demands, and only systolic blood 

pressure and smoking showed significant associations, which were in the expected 

direction, with decision latitude. It appears that variances in the demand and control 

dimensions between occupations may not be sufficiently large, particularly in the case 

of job demands, to survive the effects of the imputation method used in this study.

Danish MONICA survey

1081 employed men and women aged 30-60 were surveyed using Karasek-type 

questions at the time of a cardiovascular screening examination (Netterstrom et al 

1991). Levels of fibrinogen, haemoglobin Ajc and smoking tended to be higher (but 

group differences were not statistically significant) in those reporting, separately, low 

skill discretion, low decision latitude and high demands. No effects were evident in 

these age and sex adjusted analyses for serum cholesterol, triglycerides or HDL 

cholesterol. Individuals in high strain occupations e.g. factory worker, waitress, had 

higher mean haemoglobin Ajc and BMI, but not fibrinogen, compared with others. 

Confidence intervals were not reported, neither was menopausal status taken into 

account in the analyses.

Tecumseh Community Health study

1215 employed men, 763 employed women and 555 women not in paid employment 

(71% response rate) aged 35-69 were examined in 1967-69 (House et al 1986). 

Interviews provided measures of personal, behavioural and biomedical characteristics, 

occupational class and occupational stresses including perceived job stresses and 

rewards, variety and responsibility. Job tension was assessed using a short 

questionnaire similar to the Framingham type A scale (Haynes et al 1978). Cross- 

sectional and 9-12 year mortality analyses were conducted. In a subsample of 288 

men given a repeat interview in 1970, those reporting moderate or high levels of job 

pressures or tensions on both occasions had a relative death rate of 3 compared to 

those with low levels at one occasion (17 deaths in total by 1978-79). Prospective 

mortality analysis of all participants, however, revealed no significant associations with 

job characteristics or perceived stresses measured once at baseline. These findings 

contrast with those in the cross-sectional analyses, which showed significant
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associations in multivariable analysis between job tensions and self-reported bronchitis 

in both sexes and with prevalent CHD in men. Adjustment was conducted by adding 

age, education, occupational class, perceived job pressures and rewards, smoking, 

alcohol consumption and obesity, hypertension and serum cholesterol sequentially to a 

regression model, retaining only significant terms for the final model. Analogous 

models for drinking, smoking and obesity showed scant evidence of associations 

between education, job pressures or rewards and these health related behaviours.

Harvard case-control study

This study (Hebert et al 1992), employing cases of nonfatal myocardial infarction 

selected from admissions to coronary or intensive care units in 1982-83 in Boston and 

control subjects from the community, examines blue v. white collar occupation as a 

risk for MI. Several background, behavioural and biochemical variables, including 

HDL cholesterol, were studied to elucidate the nature of the risk difference. Women 

and non-white males were excluded because sample sizes were inadequate. 

Participation rates were approximately 80% among cases (n=230) and 60% among 

controls (n=222). Occupation was assigned according to the Edwards’ US census 

classification. Fasting lipids were determined on cases some 8 weeks after MI to 

allow stabilisation of levels.

67.4% of cases and 73.0% of controls were classified white-collar workers, producing 

a crude odds ratio of 0.77 (95% Cl 0.51-1.15) for white v. blue collar occupation. 

Cases were significantly more likely to have a family history of CHD, a personal 

history of diabetes, to be smokers, a lower alcohol intake, and to exhibit a type A 

behaviour pattern. Compared with controls, cases also reported taking less exercise, 

but paradoxically to have a higher caloric intake. Cases had a lower mean level of 

HDL cholesterol (0.87 v. 1.09 mmol/1) and a higher mean level of TGs (2.11 v. 1.72 

mmol/1), but total and LDL cholesterol levels were similar.

There were several significant differences between white and blue collar workers when 

control subjects only were examined. A history of diabetes and cigarette smoking was 

less prevalent among white collar men, who also reported lower total calorie intakes.
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Lipid profiles were more favourable among white collar workers who had a higher 

mean level of HDL cholesterol (1.13 v. 1.00 mmol/1) and a lower mean TG level (1.60 

V. 2.03 mmol/1). Total and LDL cholesterol levels were similar, mirroring the case- 

control findings. In multiple logistic regression analysis the relative risk of nonfatal 

MI for white v. blue collar occupation after adjustment for background and behavioural 

variables was 0.74 (95% Cl 0.46-1.19). Controlling for HDL cholesterol in addition 

abolished the occupational effect, producing a relative risk of 0.98 (95% Cl 0.59-1.63). 

The change in the risk estimate if TGs were substituted for HDL cholesterol was not 

reported. Plasma fibrinogen does not appear to have been determined in the study.

Differences in HDL cholesterol levels between men in non-manual and manual 

occupations appear to account for their different levels of risk. It is therefore 

paradoxical that the important known behavioural and physiological covariates of HDL 

cholesterol, when included in the logistic model, appear, if anything, to strengthen 

rather than weaken the occupational effect. Other unmeasured factors appear to be 

influencing HDL cholesterol levels which may mediate the relation between 

socioeconomic status and CHD risk.

Framingham study 20 year follow-up: women

A 300 item psychosocial interview was administered to Framingham participants in 

1965-67. 20 year follow-up (Eaker et al 1992) of 749 women aged 45-64 initially free 

of CHD identified 69 cases of first myocardial infarction or coronary death. Predictive 

psychosocial factors were examined according to employment status in univariate and 

multivariate analyses.

Of 13 psychosocial factors, including daily stress, marital disagreements, anger-in, 

anger-out and anger-discuss, only ’tension’ and ’rigid attitude’ showed a significant 

association with risk in the whole sample in univariate analysis. ’Non-easygoing’ was 

the only predictor in employed women, whilst in homemakers ’tension’ and ’symptoms 

of anxiety’ were significant. Proportional hazards analysis was used to control for 

systolic blood pressure, cholesterol/HDL cholesterol ratio, diabetes, cigarette smoking 

and body mass index. In this analysis, among employed women, only perceived
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financial status was a predictor of CHD. In homen.akers, symptoms of tension and 

anxiety, loneliness, insomnia, reporting housework , ffects health, and fatalism with 

respect to CHD were predictors, whilst in both groi ps combined, tension was found to 

be significant. This study provides some evidence that psychosocial factors not 

strongly associated with material circumstances ma\ determine CHD risk amongst 

women.

Finnish metal workers

This prospective study (Haan 1988) of 902 workers in a Finnish metal fabrication 

company was conducted between 1973 and 1983. SeT-reported job strain, 

demographic and CHD risk factor data from the bast me were used in logistic 

regression analysis to examine predictors of 60 incident nonfatal and fatal CHD events, 

confirmed by physician interview or national and hosnital registries. Three 

components of job strain were evaluated with multi-item questions which were 

combined to form a single scale so that a low strain score would have low physical 

strain, high variety and high control.

Job strain was associated with incident CHD 'odds ratio 4.7, p<0.02) after adjustment 

for age and sex. After adjusting for systolic ilood pressure, relative weight, serum 

cholesterol, smoking, and heavy alcohol cons i nption the relative risk was of a similar 

size.

The strength of the relationship between job strain and incident CHD is impressive in 

this study. An important limitation of the analysis follows from the definition of job 

strain. Amongst employees in a metal fabricat on company its three components - 

variety, control and physical strain - are likely to be surrogates for socioeconomic 

status, which would likely be related to many factors apart from work characteristics.

Summary of studies reviewed

The six studies above present a moderately consistent picture. The associations 

between psychosocial measures and incident CHD events appear to be strong in the 

Finnish study (Haan 1988), but not in the 20 yea: follow up of Framingham women
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(Eaker et al 1992), which provides only limited evidence of associations between 

psychological measures, as opposed to self-reports of material problems, in univariate 

analysis. The 9-12 year prospective analysis in the Tecumseh study (House et al 1986) 

did not replicate the positive findings of the cross-sectional phase.

The case-control study of nonfatal MI (Hebert et al 1992) suggests HDL cholesterol 

and serum triglycerides may be important mediating factors in white v. blue collar 

differences in CHD risk and that unknown factors other than smoking, exercise and 

alcohol may connected with in HDL cholesterol. The surveys examining the cross- 

sectional associations between psychosocial work characteristics and biochemical 

factors provide further evidence of an effect in relation to Hbrinogen (Netterstrom et al

1991), and confirm that semm cholesterol is not a key factor in this context (House et 

al 1986; Pieper et al 1989).

2.5.13 Summary

There is prospective evidence that a number of psychosocial factors, in personal, social 

and work domains predict CHD. A more rigorous test of the psychosocial hypothesis, 

involving randomisation to ’stress’ and control groups, is probably unethical and 

unlikely to be carried out.

Psychosocial factors shown to predict incident CHD include social isolation, financial 

hardship and major life events (recurrent CHD and total mortality), fatalism (in 

women) and hostility. At work, high demands, low control and monotony have been 

implicated in increased risk of CHD. The Karasek model is probably the most 

coherent and empirically well-supported hypothesis concerning work-related CHD risk, 

but there is scant formal statistical evidence for an interaction between the demand and 

control dimensions. Several studies provide evidence that psychosocial problems are 

more severe amongst those with lower socioeconomic status.

Two contrasting perspectives have been utilised by researchers in the psychosocial 

research field. One seeks to demonstrate effects which are independent of 

conventional risk behaviours and physiological factors such as smoking, blood pressure 

and serum cholesterol. A second approach, which appears to be more logical, admits
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the possibility that adverse psychosocial conditions may be determinants of health 

related behaviours and risk factor status.

2.6 Conclusions and statement of hypotheses 

The foregoing reviews have examined the pathophysiological and psychosocial bases 

of coronary disease. The focus on potential explanations for the inverse relationship 

between socioeconomic status and CHD risk in Britain and other industrialised 

countries leads to the conclusion that structural, psychological and behavioural factors 

are relevant.

There is clear evidence that cigarette smoking is an important determinant of 

socioeconomic gradients in CHD risk, however such gradients have been shown to be 

independent of smoking differentials in a number of prospective studies. Blood 

pressure also exhibits an inverse association with socioeconomic status, but this 

appears to be only moderately important, with mean differences between extremes of 

social status of some l-4mmHg. Serum total cholesterol levels across social strata do 

not appear to be consistent with a mediating role in the socioeconomic gradient in 

CHD risk, and imply that fat intake, within the range of dietary variation in Britain, is 

not an important factor in determining the level of risk in the socioeconomic context.

Experimental and epidemiological studies implicate clotting factors and lipoprotein 

metabolism in the aetiology of CHD. Novel potential explanations of the 

socioeconomic gradient in CHD risk may therefore become evident through the 

analysis, according to social position, of levels of serum triglycerides, apolipoproteins 

AI and B (respectively the major apoproteins of HDL and LDL), plasma fibrinogen 

and factor VII. Observational evidence suggests that fibrinogen and HDL cholesterol 

are implicated in the risk gradient in question.

The study, in summary, is designed to test the proposed link between 

psychosocial factors at and outside work and biochemical CHD risk factors, taking
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health related behaviours into consideration. The final analyses (Results 4) therefore 

test two related hypotheses:

(1) psychosocial factors account for some of the social gradient in the biochemical risk 

factor variables identified in this study. A cross-sectional association between 

psychosocial and biochemical variables would be a necessary, but not sufficient 

condition if this hypothesis were correct, and

(2) that some of the proposed psychosocial effects operate independently of established 

health related behaviours such as smoking and alcohol consumption. A residual 

association between psychosocial and biochemical variables after adjustment for health 

related behaviours would be a necessary, but again not sufficient condition for this 

second hypothesis to be true.
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CHAPTER 3 THE WHITEHALL II STUDY BASELINE

3.1 Rationale for the study 

This study is based on the observation of substantial cross-sectional associations 

between several measures of socioeconomic status and levels of some of the 

biochemical risk factors determined at screening. These associations lie in directions 

which suggest they potentially account for a part of the social gradient in CHD which 

previously has been unexplained (Marmot et al 1978b). An understanding of the 

nature of the observed social gradients in these risk factors will, it is hoped, provide 

insights concerning the appropriate public health measures required to reduce the 

preventable CHD morbidity and mortality experienced by relatively less 

socioeconomically advantaged groups.

This population of men and women employed in London offices of the Civil Service 

provides an ideal setting for testing hypotheses in relation to the psychosocial 

characteristics of work. This is one of the Whitehall II study’s main objectives. Other 

social/structural domains and circumstances considered are those of the quality of 

family and social networks, financial difficulties, bereavement, divorce and separation. 

At the individual psychological level personality traits, affective and cognitive factors, 

including locus of control are considered. The measures employed are each based on 

self-reports, since the approach being adopted is that the subjective nature of the 

reaction to environmental demands is an important element of the process leading to 

the proposed metabolic responses (Cox 1993).

Associations amongst the lipid, apoprotein and clotting factors which are used as 

outcome variables, and their relations with age, weight, height and degree of obesity in 

men and women are examined in Chapter 4. Chapter 5 presents analyses of the 

outcome variables with the measures of socioeconomic status collected in the survey, 

which include father’s RG social class, education level, housing tenure and 

employment grade. The influences of physiological and behavioural factors on the 

relation of the outcome variables to socioeconomic status are considered in Chapter 6. 

Finally, the analytic scheme applied in Chapter 7 is designed to examine associations
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between psychosocial factors and biochemu i risk factor variables taking account of 

behavioural influences and socioeconomic status. Self-reported psychosocial exposures 

will be examined for effects only on the bu ; lemical risk factor variables which 

exhibit biologically important gradients acre s . social strata.

3.2 The sample

Approval for the study was obtained from tl " University College London/University 

College Hospital Ethics Committee.

All men and women aged 35-55 working in the London offices of twenty civil service 

departments were invited by letter to participate in the study between November 1985 

and March 1988 (see Appendix 2 for copies of invitation letters). 6895 men (74% 

response) and 3413 women (71%) attended n=10,308; 73% response overall) a special 

screening clinic in their own or an adjoining civil service building. The true response 

rate is likely to be higher because around 4̂  o of those on the list of employees had 

moved before entry to the study. A self-adninstered questionnaire was sent to 

participants and checked by an interviewer rt the clinic visit. Details are given below.

Participants were asked to give their civil service grade title. On the basis of a 

consolidated civil service classification of grades (Table 4) participants were assigned 

to one of 13 non-industrial grades. It can b seen that there is little overlap in the 

salary bands, which in anuary 1987 ranged from a minimum of £3061 for messengers, 

porters, telephonists and typists to a maximum of £62,100 for permanent secretaries. 

For analysis, grades were grouped in two ways, either into six grade categories (Table 

5) consisting of clerical and office support grades, executive officers (EO), higher 

executive officers (HEG), senior executive officers (SEO), Unified Grade 7 (UG7), and 

Unified Grades 1-6 (UGl-6), or into three giade categories consisting of 

clerical/support, professional/executive (EO 4 HEG + SEO) and administrative (UG7 4- 

UGl-6). The three-way classification corres] onds approximately to that used in the 

first Whitehall study (Marmot et al 1978b).
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Participation rates by grade and department are shown in Tables 6 and 7. In 6 

departments (Table 7) invitations to attend screening were administered by civil service 

staff and participation rates by grade could not be calculated. Response rates varied by 

employment grade, being 81% in the higher three grade categories and 68% in the 

lower three. Overall, there tended to be more male participants in the younger decade, 

between ages 35 and 44, whereas amongst women there was an even distribution 

between ages 35 and 49, and a slightly higher proportion in the 50-55 year old group 

(Table 8). Men in the executive/professional category tended to be in the younger 

decade, as did women in the top administrative category. Female clerical and support 

staff, on the other hand, tended to be older. There were considerable differences in the 

distributions of men and women across grades. 49.5% of women in the study, as 

against 9.3% of men were employed in clerical and office support grades.

3.3 Screening examination 

Subjects attended the screening clinic between 0900-1230h or 1400-1630h. They were 

not asked to fast. Blood pressure was recorded twice in the sitting position after five 

minutes rest with the Hawkesley random-zero sphygmomanometer (see Appendix 2 for 

copy of screening form). Height was measured with a standard metal stadiometer 

calibrated in millimetres and weight measured with Soehnle Digital S electronic scales. 

Resting electrocardiograms (ECG) were recorded onto magnetic tape using a Siemens 

’Mingorec’ electrocardiograph. Tapes were analysed at Professor Peter Macfarlane’s 

laboratory in the Department of Medical Cardiology, University of Glasgow, where 

Minnesota codes (Rose et al 1982) were assigned by computer. The criterion for 

probable ischaemia was the presence of Q waves with Minnesota codes 1-1 to 1-2.

For possible ischaemia the criteria were Q wave abnormalities 1-1 to 1-3, S-T or T 

waves with codes 4-1 to 4-4 or 5-1 to 5-3, or left-bundle branch block code 7-1-1. All 

ECGs designated as indicating possible or probable ischaemia by computer were 

independently coded by an experienced coder (Mrs C Rose). Only if both computer 

and coder agreed were ECGs considered to identify ischaemia.

Venepuncture of the left antecubital vein was performed with tourniquet. Blood was 

put into plain polypropylene centrifuge tubes. After 15 minutes serum was separated
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at room temperature. Serum was stored at 4°C for total cholesterol determination 

within 72hrs, or at -70°C for apolipoproteins AI and B. For fibrinogen and factor VUc 

determination plasma was prepared by collection of blood into polypropylene tubes 

containing sodium citrate to produce a final concentration of 0.38% sodium citrate, 

which was immediately centrifuged and frozen at -70°C.

More comprehensive biochemical measurements were conducted on participants aged 

45-55, consisting of 3012 men and 1826 women. Haemostatic factors were determined 

in a sub-set of this group, excluding those in Departments of Education and Science, 

Transport and Environment, which had been screened before arrangements for plasma 

collection were in place (Table 9). Within each of the target groups the proportion on 

which measurements were obtained was in the range 67.2% (men: TG) to 99.5% (men: 

cholesterol). Low proportions were obtained when insufficient aliquots of serum or 

plasma had been collected for the relevant assay.

3.4 Biochemistry

Lipid and lipoprotein assays were conducted in Professor Barry Lewis’s laboratory at 

St Thomas’ Hospital, London. Cholesterol concentration was determined by the 

cholesterol oxidase-peroxidase colorimetric method (Boehringer Mannheim kit). 

Triglycerides were measured by the glycerol-3-phosphate oxidase-peroxidase 

colorimetric method (Wako kit). ApoAI and apoB were determined by an automated 

immunoturbidimetric method (Mount et al 1988) using a standard from the Immuno 

company. Coefficients of variation for the methods used were: total cholesterol 1%, 

triglycerides 3%, apoAl 4%, and apoB 3%.

The International Federation of Clinical Chemists (IFCC) reached agreement on 

reference standards for apolipoproteins during 1993. St Thomas’ laboratory values are 

higher than those based on the IFCC standard. Scaling factors have been determined 

by the laboratory to allow direct comparison with results from other studies. For 

apoAI the factor is 0.71 and for apoB 0.86. Examination of the apolipoprotein data 

showed some evidence of assay variability and storage effects. Over the 2.5 years of 

the screening monthly means varied by approximately ±10%, though there was no
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evidence of a consistent trend with time. Regression analysis showed that -70oC 

storage increased the assayed value of both apolipoproteins, however this effect was 

less than 0.1% per month. Unadjusted apolipoprotein values have been used in this 

report.

Haemostatic factors were assayed by Dr Michael Etherington in Dr John O’Brien’s 

laboratory at St Mary’s Hospital, Portsmouth. Plasma samples were transported to 

Portsmouth in dry ice. Fibrinogen was assayed using a modification of the clotting 

method of Clauss (1957), but using a 1:15 dilution of plasma to 0.9% saline, clotted 

with a half volume of bovine thrombin (50 units/ml). Factor VII coagulant activity 

was determined according to the method described by Brozovic et al (1974) performed 

without automation. A single batch of factor VII reference plasma, stored at -70°C, 

was obtained from a pool of normal blood donors, and was calibrated against a NIBSC 

standard. Coefficients of variation for the methods used were: fibrinogen 8% and 

factor VIIc 15%.

3.5 Questionnaire

A questionnaire was sent to participants at their work for self-completion (Appendix 

1). At the clinic visit the questionnaire was checked for completeness and validity by 

an interviewer who referred missing or doubtful responses to the participant. The 

questionnaire was modified three times during the early part of the study. 7,702 

(74.7%) participants completed the final (third and fourth) versions. As a result there 

are lower response rates on five items: educational attainment (Q5), father’s social 

class (Q12b-c), menopausal status and oestrogen use (Q33-Q35), work pace (Q49a), 

and the close persons questionnaire (Q59a-o). A ’not applicable’ response category 

was added to certain questions on work characteristics (Q51-Q54) in the final versions 

of the questionnaire. This has been recoded to the ’never’ response to produce 

consistent response distributions in the two versions of the questions.
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The following questionnaire items are used in the analyses:

Personal characteristics

Age: at date of screening calculated from date of birth (Ql).

Marital status: married and cohabiting responses were combined, single, divorced or 

separated, widowed (Q6).

Socioeconomic status

Employment grade: three or six categories based on civil service grade title (Q2a) 

(defined above in Section 3.2). The three-way classification corresponds 

approximately to RG social classes IIIN-I.

Educational attainment: age at completion of full-time education (Q5a).

Housing tenure: owner occupier, private tenant (furnished or unfurnished), local 

authority tenant (Q8).

Access to car: car or van normally available (Q ll).

Social class of father: manual or non-manual (Q12b-c).

Health status

General health: state of health in previous year (Q16).

Recent symptoms: checklist of symptoms experienced in previous 14 days (Q19). 

Doctor diagnosis of heart disease: self-report (Q22c).

Current treatment for hypertension: self-report (Q25d).

Diagnosis of diabetes: self-report (Q27).

Prescribed medicines: current use of drugs affecting cardiovascular system (Q32).

For women:

Menopausal status: determined by response to the question ’Are you still having your 

periods?’ (Q35a).

Oral contraception: current use (Q33a).

Hormone replacement therapy: current use (Q35g).
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Health-related behaviours

Cigarette smoking: never smoker, ex-smoker or current smoker (Q39a, Q40a).

Alcohol consumption: units of spirits, wines and beers in previous week (Q44b-d) 

Dietary indicators: type of bread usually eaten (Q47a), type of milk usually drunk 

(Q47e), frequency of consumption of fish (Q47i), fruit or vegetables (Q47j), red meat 

(Q47k), eggs (Q471). Two composite dietary indicator variables are used in analyses, 

one based on responses to questions about bread, milk, fruit and vegetables, and fish, 

the other on responses concerning meat and eggs.

Exercise: frequency of vigorous leisure-time physical activity e.g. running, hard 

swimming, squash (Q48c)

Non-occupational psychosocial factors

Social supports: Close Persons Questionnaire (Q59).

Affective: Affect Balance Scale (Q74).

Personality trait and state: Framingham type A (Q58), Cook-Medley hostility scale 

(QUO).

Psychiatric state: 30 item General Health Questionnaire (Q80-Q109).

Cognitive: fatalism (Q38b), Satisfaction With Life Scale (Q73).

Financial: not enough money for food or clothing (Q79e), difficulty paying bills 

(Q79f).

Life events (Q75a-g).

Subjective work characteristics (Q49-56)

pace, control, variety, conflicting demands, social supports, satisfaction, importance.

The conceptual basis, validity and calculation of each of the psychosocial measures are 

presented below.

Social network A novel multi-item instrument devised by Dr Stephen Stansfeld and 

Prof Michael Marmot (1992a), the Close Persons Questionnaire (CPQ), was used to 

evaluate social supports (Appendix 1 Q59). Three social support dimensions, 

identified in factor analysis (Stansfeld and Marmot 1992a) are utilised:
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confiding/emotional support, based on the quality of guidance and good feelings 

received, level of trust, wish to confide, actual confiding and discussion by the subject; 

negative support (security diminishing), based on worries derived from the relationship, 

wish to confide more, extent to which talking made things worse and the wish for 

more practical help; and practical support, based on practical support needed and 

received in major and minor ways. Scores are based on responses to the following 

items:

confiding/emotional support: Q59(a+c-Kl+fH-g+h+k)

practical support: Q59(l+m+o)

negative aspects of support: Q59(e+i+j+n)

Respondents were required to rate the quality and quantity of emotional and practical 

supports derived in the last 12 months in each of up to four of their closest 

relationships. To achieve more complete and reliable responses, ratings for the first 

two close persons only are summed to produce an overall score which is divided into 

tertiles. Validation was conducted by comparison of CPQ responses with those from a 

semi-structured interview and independent responses from one of the nominated close 

persons. Criterion validity against Brown and colleagues’ Self Evaluation and Social 

Support Interview was moderate to high for the confiding/emotional support 

dimension, and poor to moderate for the practical and negative support dimensions. 

There was moderate agreement between interviewee and the nominated close person 

for perceptions of confiding/emotional and practical support but poor agreement for 

negative aspects of support.

Affect Bradbum’s Affect Balance Scale (ABS) requires respondents to indicate on a 

four point scale how they felt with respect to 5 positive and 5 negative items 

(Appendix 1 Q74) such as ’pleased about having accomplished something’ and 

’depressed or very unhappy’ (Bradbum 1969). The validity of the single ABS 

dimension produced by summing scores for Positive and Negative Affect sub-scales 

has been questioned (McDowell and Newell 1987). The time frame is slightly 

ambiguous, as the preamble to the question refers to ’the way you are feeling these
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days’ while the subject is asked ’during the past few weeks did you feel: Both

ABS score and Positive Affect show direct associations with employment grade 

(Stansfeld and Marmot 1992).

Type A and hostility The type A scale used here is that from the Framingham study 

(Haynes et al 1978) which predicted incidence of CHD independently of conventional 

risk factors including serum cholesterol (Haynes et al 1980). The score (Appendix 1 

Q58) has been computed according to the following formula:

Type A score = 50 - sum(Q58a-Q58e) - 3(sum(Q58f-Q58j))

Matthews’ secondary analysis (1977) of data from the Western Collaborative Group 

Study, where type A’s were also shown to be at higher CHD risk, identified hostility 

as the sub-component most strongly associated with CHD. The Cook-Medley 38 item 

hostility scale (1954), developed initially in the context of teacher training, asks 

subjects to give a true or false response to statements such as It is safer to trust 

nobody’ and I have often felt that strangers were looking at me critically’ (Appendix 

1 QUO). It is used here to examine associations of the hostility trait with the 

biochemical variables.

Psychiatric state The General Health Questionnaire (GHQ) is a screening instrument 

for the detection of depression, anxiety and neurosis (Goldberg 1972), much of which 

appears to be untreated in the general population. Respondents are asked to select one 

of four answers, typically, ’not at all’, ’same as usual’, ’rather more than usual’ or 

’much more than usual’, to items such as ’lost much sleep over worry’ and ’found 

everything getting on top of you’ (Appendix 1 Q80-109). Against Goldberg and 

Blackwell’s Clinical Interview Schedule, administered to a validation sample of 201 

interviewees (Stansfeld and Marmot 1992b), the GHQ used with a caseness threshold 

of 4/5 had sensitivity of 73%, specificity of 85% and positive predictive value of 50%. 

Sensitivity appeared to be higher in the higher administrative compared with the lower 

Clerical grades, leading to biased estimation of psychiatric morbidity rates with the 

GHQ according to employment status. After adjustment for apparent under-reporting
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in lower grades, there seems to be a shallow inverse gradient in case prevalence 

amongst men, but not women.

Cognitive: satisfaction with life Well-being can be considered to have two aspects: 

affective (see above) and judgemental, or cognitive. Diener’s 5 item Satisfaction With 

Life Scale (SWLS) provides an estimate of the cognitive component of well-being in 

this study (Appendix 1 Q73). The SWLS has been validated (Diener et al 1985) 

against other psychometric scales and interviewer ratings amongst US undergraduates 

and retired men and women.

Cognitive: fatalism Fatalism with respect to chances of modifying risk of CHD, 

which can be seen in the context of locus of control over health and other life domains 

(Bunker et al 1989). The question used here (Appendix 1 Q38b) to estimate fatalistic 

attitude is based on that used in a Heartbeat Wales survey.

Financial difficulties Subjects were asked to indicate their current level of financial 

difficulties in two questions. These relate to money for the respondent’s personal and 

family food and clothing (Appendix 1 Q79e), and for the payment of bills (Appendix 1 

Q79f). Each has a five point scale which was recoded to four levels by combining 

’seldom’ and ’never’ responses in the first (Q79e), and ’slight’ and ’very little’ 

responses in the second question (Q79f).

Life events Ruberman et al (1984) utilised a stressful life events questionnaire to 

demonstrate the impact of social isolation, divorce, personal illness and other events on 

survival after MI (see Section 2.5.5). A similar 8 item measure has been used here 

(Appendix 1 Q75), which requires respondents to indicate occurrence and extent of 

resulting upset. A summary score was computed for the number of events experienced 

in the past year (three levels: 0, 1 and 2 or more) and total upset scores (4 possible 

levels for each event), which were divided into tertiles. Change of job or residence 

(Q75h) may be a positive or negative experience and was therefore omitted from the 

summary score calculation.
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Subjective work characteristics Self-reports of work characteristics were collected 

using a validated battery of questions originating from Karasek (Karasek et al 1981; 

Karasek and Theorell 1990). Items require responses on a 4 level scale (Appendix 1 

Q49-56) which have been summed to produce seven work indices: work pace, 

conflicting demands at work, variety and skill use, control, support at work, job 

importance and job satisfaction. The first four of these were shown to be associated 

with CHD risk in the earlier cross-sectional and prospective Swedish studies (Karasek 

et al 1981) to which the fifth, social support at work, was added in a later cross- 

sectional study to better discriminate levels of CHD risk. Indices of job importance 

and satisfaction are included though no hypothesis exists in the Karasek model which 

relates to these dimensions. Principal components analysis confirms the coherence and 

internal validity of the Karasek indices in these data (North 1990).

The work indices are defined as follows. A minus sign indicates that the score for that 

response is reversed, thus 4 becomes 1, and 3 becomes 2, etc.

pace = -Q49a-Q49b+Q49c

job control = -Q49i-Q49j+Q50a-Q50b-Q50d-Q50e-Q50g-Q50h

variety = Q49h-Q49g-Q49f-Q49e-Q53a+Q53c

conflicting demands = -Q52a-Q53b

social support = -Q52b-Q52c-Q54a-Q54b-Q54c-Q54d

importance = -Q53d-Q53e-Q53f

satisfaction = -Q56(all items)

3.6 Data Quality

Questionnaire, screening data and laboratory results were verified by double entry. 

Variables were subjected to range and validity checks, and in cases where ambiguities 

could not be resolved, values were set to missing. Considering that respondents were 

required to complete a 33 A4 page questionnaire, remarkably few missing values exist 

in the data. This is especially so since the majority of the items are of a personal 

nature. Quality control data from St Thomas’ and St Mary’s Hospitals indicated 

(Section 3.4) that the assays were performed to a satisfactory standard.
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(SAS, Cary, 

distributed, and

3.7 Statistical Methods 

Statistics were performed using SAS computer software version 6.04 

U.S.A.). The biochemical variables were approximately log-normally 

were logarithmically transformed for the analyses. For multiple comparisons, 

geometric means and 95% confidence intervals have been tabulated after 

exponentiation to permit results to be examined. The Bonferroni correction, designed 

for planned comparisons, is used in the interpretation of pairwise correlations 

(Kleinbaum et al 1988), such that for n variables and an overall significance level of 

a , the test for a given correlation is cx/(n(n-l)/2). Physiological variables and 

questionnaire scores have been divided into quantiles to examine their relationships 

with biochemical variables. Age adjusted means were computed by holding age to its 

whole sample mean of ca. 45 years (cholesterol, apoAI, upoB) or 50 years 

(triglycerides, fibrinogen and factor VII). Age adjustment was conducted using linear 

regression (proc GLM) with age in years entered into the regression equation as a 

continuous variable. Amongst women, the relation of each of the biochemical 

variables to age was similar before and after menopause, except for fibrinogen which 

appeared to rise with age only after menopause. Nevenheless, to allow for effects of 

menopause, regardless of statistical significance, and to maximise precision of the 

adjusted means (Kleinbaum et al 1988), an interaction term for age and menopausal 

status was used in models for each biochemical variable. Tests of trend or 

heterogeneity were based on analysis of covariance with the relevant factors entered 

respectively as a continuous or categorical variable with age as a covariate, again 

including an interaction term for menopausal status and age. Analysis of associations 

between continuous variables was conducted by producing partial correlation 

coefficients with proc CORR from residuals after regression with covariates using proc 

GLM.

1
This report is beset by the analytical problem of multiple end-points, namely rive lipid 

and two haemostatic factors. The strategy adopted is to examine their associations 

with each of the measures of socioeconomic status, subsequently selecting factors 

which show biologically important relations to the status measures for further analyses. 

Relationships of the selected factors with health-related behaviours and with
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occupational and other psychosocial factors are then examined in the context of 

socioeconomic variation in the population. Finally, models are constructed in an 

attempt to explain statistically the occupational gradients observed in the coronary risk 

factors.

Measurement error and confounding are key considerations in the multivariate 

analyses. Psychosocial measures will be contaminated with more random error than 

measures of serum lipids and apoproteins, clotting factors, age, weight and height. 

Reports of smoking, alcohol consumption and other tangible behaviours will probably 

contain intermediate amounts of non-systematic error, as well as potentially being 

susceptible to bias related to social position. Those in higher grades may, for example, 

be more likely to give false negative reports of smoking status, which would result in 

an over-estimate of effect of smoking on the employment grade gradient in fibrinogen. 

The analytic approach adopted is to investigate the weakening of a given association, 

say between life events scores and apoAI, when covariates are entered sequentially into 

the multivariate model. The comparison of regression coefficients is avoided, since 

this is not appropriate for the estimation of the primacy of effects when intercorrelated 

variables with different degrees of measurement error are considered (Phillips and 

Davey Smith 1991). Nevertheless, psychosocial effects will tend to be eclipsed by the 

entry of correlated and more precisely measured factors into the regression model.

Important caveats must be added to this scheme. The data are cross-sectional and thus 

by themselves support only suggestive causal interpretations. In particular, the study 

of health behaviours in relation to social class is subject to possible differential 

reporting bias, and the measurement of psychosocial factors on a single occasion may 

lead to false negative results (House et al 1986). The prospective phases of the 

Whitehall II study will provide repeat exposure and risk factor data, and incident 

disease, with which to study causality.

3.8 Health status of the survey sample 

Employed groups, by their nature selected, usually show lower rates of mortality than 

the general population (Beral et al 1985). This finding extends also to morbidity
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(Blaxter 1987). Here, ECG ischaemia amongst men (Table 10) is lower than that seen 

in the British Regional Heart Study (Shaper et al 1984). Overall, the rate of probable 

ECG abnormality in women is lower still, though they reported more angina than men 

(Marmot et al 1991). The inverse gradient in prevalent probable ECG ischaemia 

across employment grades is marginally significant in men, and clearer in women 

(Table 11). Probable and possible ischaemia combined exhibits a clear gradient in 

both sexes (Marmot et al 1991). Self-report of diabetes, as expected, tends to increase 

with age (Table 12) and is more prevalent in clerical/support grades (Table 13). 

Reported use of drugs affecting the cardiovascular system is low (Table 14). No 

women and 0.04% of men reported current use of lipid-lowering drugs, whilst 0.15% 

of men and 0.04% of women said they were taking anti-coagulants. Amongst women, 

reported use of oestrogen preparations (Table 15) was also low. In the clerical grades 

only 3.8% of women said they were using the oral contraceptives. There was a 

relative preponderance of older women in these grades (Table 8).

3.9 Ethnic composition of the survey sample 

In this survey, ethnicity was categorised on appearance by the interviewer. It is 

acknowledged that this classification is poorly defined both at the methodological and 

theoretical levels (Sheldon and Parker 1992). The phenotypical features which 

distinguish Afro-Caribbean, Caucasian and South Asian are not uniform, and exhibit 

overlap. The possibility of misclassification is undoubted. The same approach is, 

however, taken in the Labour Force Survey, whilst in smaller studies (Lane et al 1992) 

individuals may be asked to provide information about parents and grandparents. 

Equally, there is considerable heterogeneity of genotypes within these categories owing 

to their diverse histories and geographic origins, as much as to inherent genotypical 

variation, as research on factor VIIc genotype distribution demonstrates (Lane et al 

1992). A further question is related to the cultural diversity of the ’ethnic’ groupings, 

which may be greater within than between them.

The present sample contains 360 individuals identified as Afro-Caribbean, and 577 as 

South Asian (Table 16). There are comparatively few Afro-Caribbean men (2.1%) in 

the sample compared with women (6.4%), and few in either ethnic minority category
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in the administrative or executive grades (Table 17). The sample composition 

consequently does not provide power to examine effects related to employment grade 

in the ethnic minority groups, and indeed was not designed to do so. A further 

consideration relates to the association between socioeconomic status and CVD 

amongst members of these two ethnic groups resident in England and Wales. Risks 

appear not to exhibit the same pattern as that seen in those who were native-born 

(Marmot et al 1984a). Amongst immigrants to England and Wales bom in the Indian 

sub-continent little variation was seen in CVD mortality risk by RG social class in the 

1970s, whilst amongst those from African and Caribbean countries there tended to be a 

direct rather than inverse relation between social class and CVD mortality risk. Since 

the social class-CHD risk relations appear to be different, and there are only few 

individuals of Afro-Caribbean and South Asian ethnicity in higher employment grades 

these individuals are not included in subsequent analyses. The differences in 

biochemical risk factor status between Caucasians and others are shown in Table 18.

Participants classed of South Asian origin had the least favourable apolipoprotein 

profiles (data not shown). Low apoAI levels were seen in both S Asian men and 

women; higher apoB was observed in men only. S Asian women had the higher mean 

fibrinogen level compared with the other two groups, whereas amongst men fibrinogen 

was similar in the three ethnic groups. In both sexes factor VII activity was highest in 

Caucasians, lowest in Afro-Caribbeans, and intermediate in S Asians (Brunner et al 

1993a).
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Table 4 Salary levels by grade

Salary level Basic salary £
Minimum Maxkiun

1 Grade 1 Permanent secretary - -62,100
2 Grade 2 Deputy secretary 41,500 ^3,500
3 Grade 3 Under secretary 32,350 -35,350
4 Grade 4 Deputy under secretary 28,975 -30,475
5 Grade 5 Assistant secretary 23,730 -27,065
6 Grade 6 Senior principal 18,020 -24,302
7 Grade 7 Principal 14,318 -19,465
8 Senior executive officer 11,639 -14,629
9 Higher executive officer 9,430 -11,961
10 Executive officer 5,250 -9,452
11 Administrative officer (Clerical officer) 3,507 -6,791
12 Administrative assistant (Clerical assistant) 3,157 -5,499
13 Other e.g. messengers, porters, telephonists, typists 3,061 -5,841

Salary at 1 January 1987
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Table 5 Grade classification

Grade category Basic salary £
Minimum Mædn

1 Grade 1 to Grade 6 18,020 -62,100
2 Grade 7 14,318 -19,465
3 Senior executive officer 11,639 -14,629
4 Higher executive officer 9,430 -11,961
5 Executive officer 5,250 -9,452
6 Clerical/Office support grades 3,061 -6,791

Salary at 1 January 1987
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Table 6 Participation rates, by grade in 14 departments

Grade category Participation rate Number invited
Men Women Men Women
% % N N

1 Grade 1-6 80.6 68.9 847 122
2 Grade 7 83.0 82.2 1261 202
3 Senior executive officer 80.6 81.3 1181 160
4 Higher executive officer 77.3 82.0 1450 399
5 Executive officer 66.8 75.6 990 583
6 Clerical and office support grades 46.1 65.3 837 1628

Total 73.9 71.5 6566 3094

f

/
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Table 7 Participation rates in 6 departments

Department Participation rate Number invited
%

1 65.5 525
Part of 2/3/4 70.2 450
7 73.4 477
9 65.3 475
10 64.4 382
17 69.5 2428

Total 68.7 4737
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Table 8 Age structure of survey population by employment grade

MEN Administrative Executive Qerical AU

N % N % N % N %

35-39 540 20.4% 1288 35.7% 187 29.1% 2015 29.2%

40-44 745 28.1% 993 27.6% 135 21.0% 1873 27.2%

45-49 608 23.0% 599 16.6% 133 20.7% 1340 19.4%

50-55 756 28.5% 725 20.1% 187 29.1% 1668 24.2%

Total 2649 3605 642 6896

S

WOMEN Administrative Executive Qerical AU

N % N % N % N %

35-39 123 32.0% 414 30.9% 259 15.3% 796 23.3%

40-44 115 29.9% 326 24.4% 350 20.7% 791 23.2%

45-49 73 19.0% 266 19.9% 428 25.3% 767 22.5%

5-55 74 19.2% 332 24.8% 653 38.6% 1059 31.0%

Total 385 1338 1690 3413



Table 9 Target groups and sample obtained for biochemical measures

N)
Age band Departments Sample attained % (total

Serum cholesterol men
women

35-55 all 99.5% (6895) 
98.9% (3413)

Apolipoprotein AI men
women

35-55 all 75.1% (6895) 
77.2% (3413)

Apolipoprotein B men
women

35-55 all 75.1% (6895) 
77.2% (3413)

Triglycerides men
women

45-55 17-23 67.2% (1144) 
72.3% (618)

Fibrinogen men
women

45-55 3-23 73.6% (2848) 
70.7% (1700)

Factor VIIc men
women

45-55 10-23 90.7% (1682) 
89.8% (943)
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Table 10 ECG evidence of probable ischaemia

Major Q wave abnormality: Minnesota codes 1:1, 1:2

MEN WOMEN

% (N) Total N % (N) Total N

35-39 0.84% (17) 2014 1.13% (9) 796

40-44 0.59% (11) 1870 0.51% (4) 789

45-49 1.34% (18) 1340 0.39% (3) 768

50-55 2.22% (37) 1667 0.76% (8) 1058

Ail ages 1.20% (83) 6891 0.70% (24) 3411

ECGs missing for 4 men and 2 women
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Table 11 ECG evidence of probable ischaemia by employment grade

Major Q wave abnormality: Minnesota codes 1:1, 1:2

MEN 

% (N) Total N

WOMEN 

% (N) Total N

Administrative

Executive

Clerical

1.06% (28) 2647

1.14% (41) 3604

2.18% (14) 640

0.00% (0) 385

0.60% (8) 1337

0.95% (16) 1689

ECGs missing for 4 men and 2 women

108



Table 12 Self-report of diabetes

Type 1 or type 2

MEN WOMEN

% (N) Total N % (N) Total N

35-39 0.50% (10) 2000 0.63% (5) 788

40-44 0.81% (15) 1855 0.76% (6) 788

45-49 1.27% (17) 1335 0.92% (7) 762

50-55 1.04% (17) 1657 1.62% (17) 1047

All ages 0.86% (59) 6847 1.03% (35) 3385

Response missing for 48 men and 28 women
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Table 13 Self-report of diabetes by employment grade

Type 1 or type 2

MEN 

(N) Total N

WOMEN 

% (N) Total N

Administrative

Executive

Clerical

0.49% (13) 2630

0.98% (35) 3581

1.73% (11) 636

0.78% (3) 384

0.45% (6) 1333

1.56% (26) 1668

Response missing for 48 men and 28 women
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Table 14 Current use of drugs affecting cardiovascular system

Self reported 

MEN

Hypotensive

Hypertensive

Lipid lowering

Anticoagulant

Other CV active

Hypoglycaemic

Base

35.39 40-44 45-49 50-55 All ages

% N N N N

1.05% 1.66% 2.90% 6.17% 2.82%

0.56% 0.07% 0.86% 0.40% 0.44%

0.00% 0.07% 0.01% 0.00% 0.04%

0.00% 0.14% 0.19% 0.32% 0.15%

0.42% 0.41% 0.19% 0.40% 0.37%

0.21% 0.41% 0.57% 0.40% 0.39%

1430 1450 1034 1248 5172

WOMEN

Hypotensive

Hypertensive

Lipid lowering

Anticoagulant

Other CV active

Hypoglycaemic

Base

35-39 40-44 45-49 50-55 All ages

% N N N N

1.59% 2.04% 5.77% 7.81%

0.88% 1.02% 1.05% 2.60%

0.00% 0.00% 0.00% 0.00%

0.18% 0.00% 0.00% 0.00%

0.35% 0.00% 0.00% 0.26%

0.00% 0.51% 0.35% 0.39%

569 588 572 768

4.57%

1.48%

0.00%

0.04%

0.16%

0.32%

2497
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Table 15 Women using oestrogen preparatio i ;

35-39 40-4-i 45-49 50-55

N N N N

All ages 

N %

Oral contraceptives 122 52 24 203 6.7

HRT 28 66 107 3.5

Base 714 712 686 933 3045 100.0

Women using oestrogen preparations by emp.oyment grade

Administrative 

N %

Executive 

N %

Clerical 

N %

Oral contraceptives 

HRT

34 10.2

2.7

112 9.3

48 4.0

57

50

3.8

3.3

Base 332 1202 1511

HRT = hormone replacement therapy. Base number̂ ' ail respondents to questions on women’s 
health. The first 368 women surveyed were not given this questionnaire.
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Table 16 Ethnie composition of survey population

MEN

Afro-Caribbean

Caucasian

South Asian

other

missing

35-39 40-44 45-49 50-55

N N N N

26

56

58

27

1871 1715

79

51

45

1154

93

48

43

1420

129

71

AU ages 

N %

141

357

228

10

2.1

6160 89.5

5.2

3.2

WOMEN

Afro-Caribbean 

Caucasian 

South Asian 

other 

missing

35-39 40-44 45-49 50-55

N N N N

51

672 639

50

35

60

40

74

610

57

26

57

893

53

55

AU ages 

N %

219 

2814

220 

156

4

6.4

82.6

6.5

4.5
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Table 17 Ethnie composition of survey population by employment grade

MEN Administrative 

N %

Executive 

N %

Clerical 

N %

Afro-Caribbean 0.1 77 2.1 62 9.7

Caucasian 2504 94.7 3215 89.3 441 68.8

South Asian 24 0.9 213 5.9 120 18.7

other 114 4.3 96 2.7 18 2.8

Ethnicity missing for 10 men

WOMEN Administrative 

N %

Executive 

N %

Clerical 

N %

Afro-Caribbean 0.5 38 2.9 179 10.6

Caucasian 356 92.5 1198 89.7 1260 74.6

South Asian 1.3 48 3.6 167 9.9

other 22 5.7 51 3.8 83 4.9

Ethnicity missing for 4 women
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Table 18 Excluded observations: lipid and haemostatic factors

INCLUDED = CLASSIFIED CAUCASIAN BY APPEARANCE 
EXCLUDED = ALL OTHERS

INCLUDED 

mean SD N % mean

EXCLUDED 

SD N test p

TC mmol/1 M 5.97 1.15 6129 89.3% 6.03 1.23 731 ns

W 5.95 1.19 2781 82.4% 5.76 1.15 593 <0.001

TG mmol/1 M 2.27 1.42 725 94.3% 2.07 1.12 44 ns

W 1.60 1.00 390 87.2% 1.70 0.99 57 ns

ApoAl mg/dl M 149.6 24.5 4594 88.8% 141.8 24.5 582 <0.001

W 168.5 27.8 2154 81.8% 152.9 25.8 480 <0.001

ApoB mg/dl M 106.3 25.7 4594 88.8% 103.6 24.7 582 <0.05

W 97.6 25.0 2154 81.8% 94.9 24.2 480 <0.05

fibrinogen M 2.69 0.55 1857 88.6%

g/1 W 2.91 0.60 1023 85.1%

2.74 0.59 238 ns

3.09 0.62 179 <0.001

factor Vile M 88.4 20.9 1382 90.6% 85.8 24.6 143 ns

% standard W 93.2 22.8 713 84.2% 86.3 20.3 134 0.001

% proportion of measurements in final survey sample 
test p significance level for difference in means
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CHAPTER 4 RESULTS 1: ASSOCIATIONS BETWEEN BIOCHEMICAL RISK 

FACTORS AND OTHER PHYSIOLOGICAL VARIABLES

This chapter examines the associations (1) amongst the 5 lipid and 2 haemostatic risk 

factor variables, and (2) between these variables and age, weight, height and body- 

mass index (BMI). Pearson correlations have been computed using log transforms as 

the biochemical variables are approximately log-normally distributed. Simple 

correlations, and correlations of residuals after adjustment for age and, in women, 

menopausal status have been performed. Levels of each of the biochemical variables 

according to sex and menopausal status are presented.

4.1 Associations amongst the biochemical variables

Pearson correlations amongst the 7 biochemical variables by sex are shown in Table 

19. Pearson coefficients are in the range 0.05, for the cholesterol-fibrinogen and factor 

Vllc-fibrinogen association to 0.8 for cholesterol-apoB. Associations are not evident 

between apoAI and factor VIIc in either sex, nor between TG and fibrinogen in men. 

There are inverse associations of similar size (R«-0.2) between apoAI and TG, and 

between apoAI and fibrinogen. Direct associations are seen between factor VIIc and 

each of the lipid variables, with the exception of apoAI, however in both sexes the 

strongest association is with TG.

Parti ailing out the effect of age (Table 20) did not materially alter the associations 

amongst these factors. The Pearson correlation between cholesterol and fibrinogen, for 

instance, is weak in men (0.05 before, and 0.04 after parti ailing) and stronger amongst 

women (0.19 before, and 0.15 after partialling).

4.2 Associations between biochemical and physiological variables 

Simple Pearson correlations of each of the lipid and haemostatic factors with age, 

weight, height and BMI are shown in Table 21. Cholesterol, apoB, the apoB/apoAI 

ratio and fibrinogen rose with age in men. TG, apoAI and factor VIIc did not. The 

cross-sectional associations were not identical in women, who showed a positive 

association between age and apoAI, and in whom both clotting factors rose with age.
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The effect of menopause on each biochemical variable is exami icd below.

Correlations between weight and risk factors are in the range 0. -0.3 (negative for 

apoAI), the single exception being the weaker weight-fibrinogen association amongst 

men (R=0.07). Degree of obesity (BMI) showed the expected 2 ssociation with each 

risk factor.

The magnitude of the associations of weight and BMI with the biochemical measures 

fall after partialling out the effect of age (Table 22). The inverse associations between 

height and several of the risk factors, including cholesterol, apoB and fibrinogen are 

examined in greater detail in chapter 5 (Section 5.3).

Table 23 shows there are substantial differences in age adjusted means between men 

and premenopausal women for each of the lipid and haemostatic factors measured, 

with the exception of factor VIIc. Postmenopausal women show a less favourable risk 

profile, except in the case of apoAI, compared with those who are premenopausal. 

Compared to postmenopausal women, men’s risk factor levels are less favourable, 

excepting cholesterol which is similar in the two groups.

In summary, it is evident that risk factor levels are generally inter related and that risk 

factors in these Caucasian men and women exhibit similar, though not identical, 

patterns of association. The cholesterol-fibrinogen association, for example, is stronger 

in women than it is amongst men. Cross-sectional relationships of the risk factors 

with age tend to be stronger in women. Degree of obesity, as expected, showed a 

stronger association with risk factors than weight.

Though subjects were not asked to fast before their attendance at the screening clinic, 

the associations amongst biochemical vaiiables and the other measured physiological 

factors do conform to expectations. Few subjects had greatly elevated TG levels, 

which are probably the most sensitive to post-orandial alteration (91.0% of men and 

96.4% of women had TG levels below 4.0 mmol/1). These biochemical measurements 

made on a non-fasted blood sample would apoear to provide valid estimates of
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coronary risk.
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T a b l e  1 9  L i p i d  a n d  h a e m o s t a t i c  f a c t o r s  ( l o g  t r a n s f o r m s ) :  C o r r e l a t i o n  a n a l y s i s  

P e a r s o n  c o r r e l a t i o n  c o e f f i c i e n t s ,  s i g n i f i c a n c e  l e v e l  a n d  s a m p l e  n u m b e r

MEN

C h o i TG

C h o i

TG

A p o A I

Ap oB

A p o B / A I

P i b r

F a c t V I I c

WOMEN

C h o i

TG

A p o A I

ApoB

A p o B / A I

P i b r

P a c t V I I c

1 . 0 0 0 0 0 0 . 4 1 0 9 7
0 . 0 0 . 0 0 0 1

6 1 2 9 7 2 5

0 . 4 1 0 9 7 1 . 0 0 0 0 0
0 . 0 0 0 1 0 . 0

7 2 5 7 2 5

0 . 1 5 8 4 8 - 0 . 2 3 2 4 2
0 . 0 0 0 1 0 . 0 0 0 1

4 5 9 2 7 2 5

0 . 8 0 9 6 4 0 . 4 8 3 8 6
0 . 0 0 . 0 0 0 1

4 5 9 2 7 2 5

0 . 6 0 1 3 3 0 . 5 3 1 9 9
0 . 0 0 . 0 0 0 1

4 5 9 2 7 2 5

0 . 0 4 7 1 3 0 . 0 4 8 2 1
0 . 0 4 2 3 0 . 2 1 2 6

1 8 5 6 6 7 0

0 . 2 1 8 4 9 0 . 3 1 0 9 5
0 . 0 0 0 1 0 . 0 0 0 1

1 3 8 1 6 6 1

C h o i TG

1 . 0 0 0 0 0 0 . 3 0 0 7 8
0 . 0 0 . 0 0 0 1

2 7 8 1 3 9 0

0 . 3 0 0 7 8 1 . 0 0 0 0 0
0 . 0 0 0 1 0 . 0

3 9 0 3 9 0

0 . 2 2 1 6 0 - 0 . 2 2 8 0 1
0 . 0 0 0 1 0 . 0 0 0 1

2 1 4 8 3 9 0

0 . 8 1 8 6 9 0 . 4 6 0 7 1
0 . 0 0 . 0 0 0 1

2 1 4 8 3 9 0

0 . 5 7 0 0 0 0 . 5 1 2 9 9
0 . 0 0 0 1 0 . 0 0 0 1

2 1 4 8 3 9 0

0 . 1 8 5 8 3 0 . 1 4 6 2 4
0 . 0 0 0 1 0 . 0 0 5 1

1 0 2 0 3 6 6

0 . 2 4 3 5 0 0 . 2 8 1 1 4
0 . 0 0 0 1 0 . 0 0 0 1

7 1 2 3 6 1

A p o A I

0 . 1 5 8 4 8
0 . 0 0 0 1

4 5 9 2

- 0 . 2 3 2 4 2
0 . 0 0 0 1

7 2 5

1 . 0 0 0 0 0
0 . 0

4 5 9 4

0 . 0 5 2 6 6
0 . 0 0 0 4

4 5 9 4

- 0 . 5 2 2 8 7
0 . 0

4 5 9 4

- 0 . 1 6 7 0 3
0 . 0 0 0 1

1 4 3 0

0 . 0 3 3 9 5
0 . 2 8 7 7

9 8 3

A p o A I

0 . 2 2 1 6 0
0 . 0 0 0 1

2 1 4 8

■ 0 . 2 2 8 0 1
0 . 0 0 0 1

3 9 0

1 . 0 0 0 0 0
0 . 0

2 1 5 4

0 . 0 2 9 5 4
0 . 1 7 0 5

2 1 5 4

0 . 5 3 2 4 8
0 . 0 0 0 1

2 1 5 4

- 0 . 2 0 8 5 8
0 . 0 0 0 1

8 3 2

0 . 0 5 1 0 0
0 . 2 3 8 9

5 3 5

ApoB

0 . 8 0 9 6 4
0 . 0

4 5 9 2

0 . 4 8 3 8 6
0 . 0 0 0 1

7 2 5

0 . 0 5 2 6 6
0 . 0 0 0 4

4 5 9 4

1 . 0 0 0 0 0
0 . 0

4 5 9 4

0 . 8 2 3 6 9
0 . 0

4 5 9 4

0 . 1 3 9 7 5
0 . 0 0 0 1

1 4 3 0

0 . 2 1 3 9 0
0 . 0 0 0 1

9 8 3

ApoB

0 . 8 1 8 6 9
0 . 0

2 1 4 8

0 . 4 6 0 7 1
0 . 0 0 0 1

3 9 0

0 . 0 2 9 5 4
0 . 1 7 0 5

2 1 5 4

1 . 0 0 0 0 0
0 . 0

2 1 5 4

0 . 8 3 0 3 4
0 . 0

2 1 5 4

0 . 2 3 4 5 0
0 . 0 0 0 1

8 3 2

0 . 2 1 7 9 3
0 . 0 0 0 1

5 3 5

A p o B / A I

0 . 6 0 1 3 3
0 . 0

4 5 9 2

0 . 5 3 1 9 9
0 . 0 0 0 1

7 2 5

- 0 . 5 2 2 8 7
0 . 0

4 5 9 4

0 . 8 2 3 6 9
0 . 0

4 5 9 4

1 . 0 0 0 0 0
0 . 0

4 5 9 4

0 . 2 1 0 4 1
0 . 0 0 0 1

1 4 3 0

0 . 1 6 1 5 7
0 . 0 0 0 1

9 8 3

A p o B / A I

0 . 5 7 0 0 0
0 . 0 0 0 1

2 1 4 8

0 . 5 1 2 9 9
0 . 0 0 0 1

3 9 0

- 0 . 5 3 2 4 8
0 . 0 0 0 1

2 1 5 4

0 . 8 3 0 3 4
0 . 0

2 1 5 4

1 . 0 0 0 0 0
0 . 0

2 1 5 4

0 . 3 1 3 6 2
0 . 0 0 0 1

8 3 2

0 . 1 5 5 9 4
0 . 0 0 0 3

5 3 5

P i b r

0 . 0 4 7 1 3
0 . 0 4 2 3

1 8 5 6

0 . 0 4 8 2 1
0 . 2 1 2 6

6 7 0

- 0 . 1 6 7 0 3
0 . 0 0 0 1

1 4 3 0

0 . 1 3 9 7 5
0 . 0 0 0 1

1 4 3 0

0 . 2 1 0 4 1
0 . 0 0 0 1

1 4 3 0

1 . 0 0 0 0 0
0 . 0

1 8 5 7

0 . 0 5 3 1 0
0 . 0 4 9 3

1 3 7 2

P i b r

0 . 1 8 5 8 3
0 . 0 0 0 1

1 0 2 0

0 . 1 4 6 2 4
0 . 0 0 5 1

3 6 6

■ 0 . 2 0 8 5 8
0 . 0 0 0 1

8 3 2

0 . 2 3 4 5 0
0 . 0 0 0 1

8 3 2

0 . 3 1 3 6 2
0 . 0 0 0 1

8 3 2

1 . 0 0 0 0 0
0 . 0

1 0 2 3

0 . 1 5 0 7 4
0 . 0 0 0 1

7 0 8

P a c t V I I c

0 . 2 1 8 4 9
0 . 0 0 0 1

1 3 8 1

0 . 3 1 0 9 5
0 . 0 0 0 1

6 6 1

0 . 0 3 3 9 5
0 . 2 8 7 7

9 8 3

0 . 2 1 3 9 0
0 . 0 0 0 1

9 8 3

0 . 1 6 1 5 7
0 . 0 0 0 1

9 8 3

0 . 0 5 3 1 0
0 . 0 4 9 3

1 3 7 2

1 . 0 0 0 0 0
0 . 0

1 3 8 2

P a c t V I I c

0 . 2 4 3 5 0
0 . 0 0 0 1

7 1 2

0 . 2 8 1 1 4
0 . 0 0 0 1

3 6 1

0 . 0 5 1 0 0
0 . 2 3 8 9

5 3 5

0 . 2 1 7 9 3
0 . 0 0 0 1

5 3 5

0 . 1 5 5 9 4
0 . 0 0 0 3

5 3 5

0 . 1 5 0 7 4
0 . 0 0 0 1

7 0 8

1 . 0 0 0 0 0
0 . 0

7 1 3
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T a b l e  2 0 L i p i d  a n d  h a e m o s t a t i c  f a c t o r s  ( l o g  t r a n s f o r m s ) :  P a r t i a l  c o r r e l a t i o n s  

P e a r s o n  c o r r e l a t i o n  c o e f f i c i e n t s ,  s i g n i f i c a n c e  l e v e l  a n d  s a m p l e  n u m b e r

C o n t r o l l i n g  f o r  a g e  a n d  m e n o p a u s a l  s t a t u s  

MEN

C h o i
r e s i d u a l

TG
r e s i d u a l

A p o A I
r e s i d u a l

Ap oB
r e s i d u a l

A p o B / A I
r e s i d u a l

P i b r
r e s i d u a l

P a c t V I I c
r e s i d u a l

C h o i
r e s i d u a l s

1 . 0 0 0 0 0
0 . 0

6 1 2 9

0 . 4 0 9 7 2
0 . 0 0 0 1

7 2 5

0 . 1 5 8 8 1
0 . 0 0 0 1

4 5 9 2

0 . 8 0 3 5 7
0 . 0

4 5 9 2

0 . 5 9 1 7 5
0 . 0

4 5 9 2

0 . 0 4 3 2 6
0 . 0 6 2 4

1 8 5 6

0 . 2 1 6 6 9
0 . 0 0 0 1

1 3 8 1

TG
r e s i d u a l s

0 . 4 0 9 7 2
0 . 0 0 0 1

7 2 5

1 . 0 0 0 0 0
0 . 0

7 2 5

- 0 . 2 3 2 7 6
0 . 0 0 0 1

7 2 5

0 . 4 8 2 9 3
0 . 0 0 0 1

7 2 5

0 . 5 3 1 2 4
0 . 0 0 0 1

7 2 5

0 . 0 4 5 1 1
0 . 2 4 3 6

6 7 0

0 . 3 1 0 7 6
0 . 0 0 0 1

6 6 1

A p o A I
r e s i d u a l s

0 . 1 5 8 8 1
0 . 0 0 0 1

4 5 9 2

- 0 . 2 3 2 7 6
0 . 0 0 0 1

7 2 5

1 . 0 0 0 0 0
0 . 0

4 5 9 4

0 . 0 5 0 8 6
0 . 0 0 0 6

4 5 9 4

- 0 . 5 2 9 6 3
0 . 0

4 5 9 4

- 0 . 1 6 8 8 7
0 . 0 0 0 1

1 4 3 0

0 . 0 3 3 3 0
0 . 2 9 6 9

9 8 3

A poB
r e s i d u a l s

0 . 8 0 3 5 7
0 . 0

4 5 9 2

0 . 4 8 2 9 3
0 . 0 0 0 1

7 2 5

0 . 0 5 0 8 6
0 . 0 0 0 6

4 5 9 4

1 . 0 0 0 0 0
0 . 0

4 5 9 4

0 . 8 2 0 2 0
0 . 0

4 5 9 4

0 . 1 3 8 4 0
0 . 0 0 0 1

1 4 3 0

0 . 2 1 3 2 1
0 . 0 0 0 1

9 8 3

A p o B / A I
r e s i d u a l s

0 . 5 9 1 7 5
0 . 0

4 5 9 2

0 . 5 3 1 2 4
0 . 0 0 0 1

7 2 5

- 0 . 5 2 9 6 3
0 . 0

4 5 9 4

0 . 8 2 0 2 0
0 . 0

4 5 9 4

1 . 0 0 0 0 0
0 . 0

4 5 9 4

0 . 2 1 0 1 7
0 . 0 0 0 1

1 4 3 0

0 . 1 6 1 2 1
0 . 0 0 0 1

9 8 3

P i b r
r e s i d u a l s

0 . 0 4 3 2 6
0 . 0 6 2 4

1 8 5 6

0 . 0 4 5 1 1
0 . 2 4 3 6

6 7 0

- 0 . 1 6 8 8 7
0 . 0 0 0 1

1 4 3 0

0 . 1 3 8 4 0
0 . 0 0 0 1

1 4 3 0

0 . 2 1 0 1 7
0 . 0 0 0 1

1 4 3 0

1 . 0 0 0 0 0
0 . 0

1 8 5 7

0 . 0 5 0 3 1
0 . 0 6 2 5

1 3 7 2

F a c t V I I c
r e s i d u a l s

0 . 2 1 6 6 9
0 . 0 0 0 1

1 3 8 1

0 . 3 1 0 7 6
0 . 0 0 0 1

6 6 1

0 . 0 3 3 3 0
0 . 2 9 6 9

9 8 3

0 . 2 1 3 2 1
0 . 0 0 0 1

9 8 3

0 . 1 6 1 2 1
0 . 0 0 0 1

9 8 3

0 . 0 5 0 3 1
0 . 0 6 2 5

1 3 7 2

1 . 0 0 0 0 0
0 . 0

1 3 8 2

WOMEN

C h o i
r e s i d u a l

TG
r e s i d u a l

A p o A I
r e s i d u a l

ApoB
r e s i d u a l

A p o B / A I
r e s i d u a l

P i b r
r e s i d u a l

P a c t V I I c
r e s i d u a l

C h o i
r e s i d u a l s

1 . 0 0 0 0 0
0 . 0

2 6 7 3

0 . 2 5 8 1 6
0 . 0 0 0 1

3 8 7

0 . 1 9 6 0 4
0 . 0 0 0 1

2 1 2 1

0 . 7 8 8 9 2
0 . 0

2 1 2 1

0 . 5 3 2 8 5
0 . 0 0 0 1

2 1 2 1

0 . 1 4 8 0 8
0 . 0 0 0 1

1 0 1 1

0 . 1 9 6 9 1
0 . 0 0 0 1

7 0 6

TG
r e s i d u a l s

0 . 2 5 8 1 6
0 . 0 0 0 1

3 8 7

1 . 0 0 0 0 0
0 . 0

3 8 7

- 0 . 2 5 0 4 6
0 . 0 0 0 1

3 8 7

0 . 4 3 8 4 3
0 . 0 0 0 1

3 8 7

0 . 5 0 1 5 8
0 . 0 0 0 1

3 8 7

0 . 1 2 5 4 3
0 . 0 1 6 8

3 6 3

0 . 2 6 1 2 3
0 . 0 0 0 1

3 5 8

A p o A I
r e s i d u a l s

0 . 1 9 6 0 4
0 . 0 0 0 1

2 1 2 1

- 0 . 2 5 0 4 6
0 . 0 0 0 1

3 8 7

1 . 0 0 0 0 0
0 . 0

2 1 2 7

- 0 . 0 0 7 3 5
0 . 7 3 4 7

2 1 2 7

- 0 . 5 7 6 7 8
0 . 0 0 0 1

2 1 2 7

- 0 . 2 2 0 6 5
0 . 0 0 0 1

8 2 6

0 . 0 3 2 6 3
0 . 4 5 2 6

5 3 2

Ap oB
r e s i d u a l s

0 . 7 8 8 9 2
0 . 0

2 1 2 1

0 . 4 3 8 4 3
0 . 0 0 0 1

3 8 7

- 0 . 0 0 7 3 5
0 . 7 3 4 7

2 1 2 7

1 . 0 0 0 0 0
0 . 0

2 1 2 7

0 . 8 2 1 1 2
0 . 0

2 1 2 7

0 . 2 0 6 2 7
0 . 0 0 0 1

8 2 6

0 . 1 6 4 6 4
0 . 0 0 0 1

5 3 2

A p o B / A I
r e s i d u a l s

0 . 5 3 2 8 5
0 . 0 0 0 1

2 1 2 1

0 . 5 0 1 5 8
0 . 0 0 0 1

3 8 7

- 0 . 5 7 6 7 8
0 . 0 0 0 1

2 1 2 7

0 . 8 2 1 1 2
0 . 0

2 1 2 7

1 . 0 0 0 0 0
0 . 0

2 1 2 7

0 . 2 9 5 4 6
0 . 0 0 0 1

8 2 6

0 . 1 1 7 8 7
0 . 0 0 6 5

5 3 2

P i b r
r e s i d u a l s

0 . 1 4 8 0 8
0 . 0 0 0 1

1 0 1 1

0 . 1 2 5 4 3
0 . 0 1 6 8

3 6 3

- 0 . 2 2 0 6 5
0 . 0 0 0 1

8 2 6

0 . 2 0 6 2 7
0 . 0 0 0 1

8 2 6

0 . 2 9 5 4 6
0 . 0 0 0 1

8 2 6

1 . 0 0 0 0 0
0 . 0

1 0 1 4

0 . 1 1 8 5 5
0 . 0 0 1 7

7 0 2

P a c t V I I c
r e s i d u a l s

0 . 1 9 6 9 1
0 . 0 0 0 1

7 0 6

0 . 2 6 1 2 3
0 . 0 0 0 1

3 5 8

0 . 0 3 2 6 3
0 . 4 5 2 6

5 3 2

0 . 1 6 4 6 4
0 . 0 0 0 1

5 3 2

0 . 1 1 7 8 7
0 . 0 0 6 5

5 3 2

0 . 1 1 8 5 5
0 . 0 0 1 7

7 0 2

1 . 0 0 0 0 0
0 . 0

7 0 7
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T a b l e  2 1  L i p i d  a n d  h a e m o s t a t i c  f a c t o r s  ( l o g  t r a n s f o r m s )  a n d  p h y s i o l o g i c a l  
v a r i a b l e s  : C o r r e l a t i o n  a n a l y s i s .

P e a r s o n  c o r r e l a t i o n  c o e f f i c i e n t s ,  s i g n i f i c a n c e  l e v e l  a n d  s a m p l e  n u m b e r

MEN

V I I c
C h o i TG A p o A I ApoB A p o B / A I F i b r i n o g e n F a c t o r

A g e 0 . 2 0 5 8 0
0 . 0 0 0 1

6 1 2 9

0 . 0 3 2 1 7
0 . 3 8 7 1

7 2 5

0 . 0 1 5 2 0
0 . 3 0 3 1

4 5 9 4

0 . 1 6 5 5 6
0 . 0 0 0 1

4 5 9 4

0 . 1 3 2 6 9
0 . 0 0 0 1

4 5 9 4

0 . 0 8 1 5 6
0 . 0 0 0 4

1 8 5 7

0 . 0 3 5 4 6
0 . 1 8 7 7

1 3 8 2

W e i g h t
k g

0 . 1 7 4 6 9
0 . 0 0 0 1

6 1 2 2

0 . 2 6 2 6 8
0 . 0 0 0 1

7 2 4

- 0 . 1 1 6 4 0
0 . 0 0 0 1

4 5 8 7

0 . 2 2 2 8 2
0 . 0 0 0 1

4 5 8 7

0 . 2 5 6 2 7
0 . 0 0 0 1

4 5 8 7

0 . 0 6 5 8 9
0 . 0 0 4 6

1 8 5 2

0 . 1 4 2 3 7
0 . 0 0 0 1

1 3 7 9

H e i g h t
c ms

- 0 . 0 9 4 1 2
0 . 0 0 0 1

6 1 2 5

- 0 . 0 0 2 3 6
0 . 9 4 9 5

7 2 4

- 0 . 0 0 0 3 8
0 . 9 7 9 4

4 5 9

- 0 . 0 9 2 6 1
0 . 0 0 0 1

4 5 9 0

- 0 . 0 7 8 8 4
0 . 0 0 0 1

4 5 9 0

- 0 . 0 7 9 0 0
0 . 0 0 0 7

1 8 5 5

0 . 0 0 8 3 0
0 . 7 5 8 0

1 3 8 1

BMI
k g / m '

0 . 2 4 7 9 3
0 . 0 0 0 1

6 1 2 2

0 . 3 1 3 9 9
0 . 0 0 0 1

7 2 4

- 0 . 1 3 0 2 8
0 . 0 0 0 1

4 5 8 7

0 . 3 0 1 8 0
0 . 0 0 0 1

4 5 8 7

0 . 3 3 1 5 6
0 . 0 0 0 1

4 5 8 7

0 . 1 2 2 9 1
0 . 0 0 0 1

1 8 5 2

0 . 1 5 7 3 9
0 . 0 0 0 1

1 3 7 9

WOMEN

V I I c
C h o i TG A p o A I Apo B A p o B / A I F i b r i n o g e n F a c t o r

A g e 0 . 4 0 7 8 0
0 . 0 0 0 1

2 7 8 1

0 . 1 5 0 8 9
0 . 0 0 2 8

3 9 0

0 . 1 1 3 1 8
0 . 0 0 0 1

2 1 5 4

0 . 3 3 9 6 6
0 . 0 0 0 1

2 1 5 4

0 . 2 2 4 5 4
0 . 0 0 0 1

2 1 5 4

0 . 1 4 3 5 4
0 . 0 0 0 1

1 0 2 3

0 . 1 7 3 2 9
0 . 0 0 0 1

7 1 3

W e i g h t
k g

0 . 1 6 3 1 1
0 . 0 0 0 1

2 7 7 9

0 . 1 8 8 2 4
0 . 0 0 0 2

3 9 0

- 0 . 1 5 0 2 2
0 . 0 0 0 1

2 1 5 2

0 . 2 4 7 8 3
0 . 0 0 0 1

2 1 5 2

0 . 2 9 3 7 6
0 . 0 0 0 1

2 1 5 2

0 . 1 9 4 4 9
0 . 0 0 0 1

1 0 2 2

0 . 2 1 7 6 7
0 . 0 0 0 1

7 1 3

H e i g h t
c ms

- 0 . 1 1 6 7 8
0 . 0 0 0 1

2 7 8 0

- 0 . 1 0 8 9 1
0 . 0 3 1 5

3 9 0

0 . 0 0 4 9 7
0 . 8 1 7 6

2 1 5 3

- 0 . 1 2 4 9 3
0 . 0 0 0 1

2 1 5 3

- 0 . 1 0 8 6 1
0 . 0 0 0 1

2 1 5 3

- 0 . 1 1 4 3 7
0 . 0 0 0 2

1 0 2 2

0 . 0 0 6 9 9
0 . 8 5 2 1

7 1 3

BMI
k g / m '

0 . 2 2 6 3 0
0 . 0 0 0 1

2 7 7 9

0 . 2 3 6 4 4
0 . 0 0 0 1

3 9 0

- 0 . 1 5 4 6 4
0 . 0 0 0 1

2 1 5 2

0 . 3 2 0 0 2
0 . 0 0 0 1

2 1 5 2

0 . 3 5 7 3 8
0 . 0 0 0 1

2 1 5 2

0 . 2 5 6 6 4
0 . 0 0 0 1

1 0 2 2

0 . 2 1 8 6 1
0 . 0 0 0 1

7 1 3
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T a b l e  2 2  L i p i d  a n d  b a e m o s t a t i c  f a c t o r s  ( l o g  t r a n s f o r m s )  a n d  p h y s i o l o g i c a l  
v a r i a b l e s  : P a r t i a l  c o r r e l a t i o n s .

P e a r s o n  c o r r e l a t i o n  c o e f f i c i e n t s ,  s i g n i f i c a n c e  l e v e l  e md s a m p l e  n u m b e r

C o n t r o l l i n g  f o r  a g e  a n d  m e n o p a u s a l  s t a t u s  

MEN
C h o i

r e s i d u a l
TG

r e s i d u a l
A p o A I

r e s i d u a l
Ap oB

r e s i d u a l
A p o B / A I

r e s i d u a l
P i b r

r e s i d u a l
P a c t V I I c
r e s i d u a l

W e i g h t
r e s i d u a l s

0 . 1 5 6 7 3
0 . 0 0 0 1

6 1 2 2

0 . 2 6 1 8 3
0 . 0 0 0 1

7 2 4

- 0 . 1 1 8 6 5
0 . 0 0 0 1

4 5 8 7

0 . 2 0 9 5 4
0 . 0 0 0 1

4 5 8 7

0 . 2 4 5 9 0
0 . 0 0 0 1

4 5 8 7

0 . 0 6 2 7 7
0 . 0 0 6 9

1 8 5 2

0 . 1 4 1 1 8
0 . 0 0 0 1

1 3 7 9

H e i g h t
r e s i d u a l s

- 0 . 0 8 7 2 0
0 . 0 0 0 1

6 1 2 5

- 0 . 0 0 0 0 7
0 . 9 9 8 6

7 2 4

0 . 0 0 0 2 7
0 . 9 8 5 3

4 5 9 0

- 0 . 0 8 6 6 1
0 . 0 0 0 1

4 5 9 0

- 0 . 0 7 3 7 2
0 . 0 0 0 1

4 5 9 0

- 0 . 0 7 7 9 1
0 . 0 0 0 8

1 8 5 5

0 . 0 0 9 2 2
0 . 7 3 2 2

1 3 8 1

BMI
r e s i d u a l s

0 . 2 2 5 2 1
0 . 0 0 0 1

6 1 2 2

0 . 3 1 2 5 1
0 . 0 0 0 1

7 2 4

- 0 . 1 3 3 8 0
0 . 0 0 0 1

4 5 8 7

0 . 2 8 5 0 6
0 . 0 0 0 1

4 5 8 7

0 . 3 1 8 7 1
0 . 0 0 0 1

4 5 8 7

0 . 1 1 8 6 9
0 . 0 0 0 1

1 8 5 2

0 . 1 5 5 6 6
0 . 0 0 0 1

1 3 7 9

WOMEN

C h o i
r e s i d u a l

TG
r e s i d u a l

A p o A I
r e s i d u a l

ApoB
r e s i d u a l

A p o B / A I
r e s i d u a l

P i b r
r e s i d u a l

P a c t V I I c
r e s i d u a l

W e i g h t
r e s i d u a l s

0 . 1 1 0 4 1
0 . 0 0 0 1

2 6 7 1

0 . 1 8 3 2 6
0 . 0 0 0 3

3 8 7

- 0 . 1 6 9 7 3
0 . 0 0 0 1

2 1 2 5

0 . 2 1 1 8 1
0 . 0 0 0 1

2 1 2 5

0 . 2 7 0 0 5
0 . 0 0 0 1

2 1 2 5

0 . 1 9 2 0 4
0 . 0 0 0 1

1 0 1 3

0 . 2 1 8 2 1
0 . 0 0 0 1

7 0 7

H e i g h t
r e s i d u a l s

- 0 . 0 7 4 5 0
0 . 0 0 0 1

2 6 7 2

- 0 . 0 9 5 2 9
0 . 0 6 1 1

3 8 7

0 . 0 1 7 5 6
0 . 4 1 8 4

2 1 2 6

- 0 . 0 8 3 6 5
0 . 0 0 0 1

2 1 2 6

- 0 . 0 7 8 4 0
0 . 0 0 0 3

2 1 2 6

- 0 . 1 1 0 9 9
0 . 0 0 0 4

1 0 1 3

0 . 0 1 8 3 8
0 . 6 2 5 7

7 0 7

BMI
r e s i d u a l s

0 . 1 5 3 4 6
0 . 0 0 0 1

2 6 7 1

0 . 2 2 5 8 1
0 . 0 0 0 1

3 8 7

- 0 . 1 8 3 1 9
0 . 0 0 0 1

2 1 2 5

0 . 2 6 5 8 8
0 . 0 0 0 1

2 1 2 5

0 . 3 2 1 9 2
0 . 0 0 0 1

2 1 2 5

0 . 2 5 2 4 8
0 . 0 0 0 1

1 0 1 3

0 . 2 1 4 2 0
0 . 0 0 0 1

7 0 7
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Table 23 Lipid and haemostatic factors by sex and menopausal status. Age adjusted.

Geometric means (95% confidence interval)

Men test p 
§

Premenopausal
women

test p 
§§

Postmenopausal
women

Semm cholesterol 
(mmol/1)

5.88 (5.85-5.91) 
6129

*** 5.63 (5.58-5.69) 
1718

*** 6.00 (5.87 - 6.13) 
955

Serum triglycerides 
(mmol/1)

1.94 (1.86-2.02) 
725

*** 1.33 (1.21-1.47) 
162

ns 1.48 (1.35-1.61) 
225

Apolipoprotein AI 
(mg/dl)

147.7 (147.0-148.4) 
4594

*** 165.5 (164.0-167.1) 
1367

ns 167.1 (163.6-170.7) 
760

Apolipoprotein B 
(mg/dl)

103.6 (102.9-104.3) 
4594

*** 91.1 (89.9-92.3) 
1367

98.1 (95.1-101.2) 
760

ApoB/apoAI ratio 0.701 (0.695-0.707) 
4594

**+ 0.550 (0.542-0.559) 
1367

** 0.587 (0.565-0.609) 
760

Fibrinogen
m

2.64 (2.62-2.66) 
1857

** 2.75 (2.69-2.82) 
399

** 2.87 (2.82-2.92) 
615

Factor VII activity 
(% standard)

86.0 (85.0-87.1) 
1382

ns 88.2 (85.3-91.2) 
281

* 92.6 (90.2-95.0) 
426

Test p: significance of pairwise differences *** p<0.0001; ** p<0.005; * p <0.05
§ comparing men and premenopausal women; §§ comparing premenopausal and postmenopausal women
Pairwise differences between men and postmenopausal women all significant (p<0.001) except for serum cholesterol (p=0.08)



CHAPTER 5 RESULTS 2: SOCIOECONOMIC STATUS MEASURES AND 

BIOCHEMICAL RISK FACTORS

5.1 Introduction

This chapter presents analyses of 5 lipid and 2 haemostatic factors according to the 

indices of socioeconomic status gathered in the baseline questionnaire of the Whitehall 

II study. These relationships offer insights into the influences on coronary risk of 

socioeconomic factors at stages throughout subjects’ lives. Early influences are 

assessed by father’s Registrar General social class and subject’s height, while later 

factors are indexed by years of education. Several measures reflect current 

socioeconomic circumstances, which can be divided into material factors: housing 

tenure and car access, and occupational status classified into either three or six 

hierarchical employment grades. Employment grade in the civil service serves as a 

good discriminator of earned income as well as occupational status, since salary ranges 

do not overlap to a great extent (Table 5).

5.2 Socioeconomic characteristics of the study population

Subjects in lower status employment were more likely to have fathers who were in 

manual social classes (Table 24). Subjects in higher status employment were more 

likely to have participated in further or higher education (Table 25) and to have access 

to a car or van (Table 26). Owner-occupation was overwhelmingly the most common 

form of housing tenure - 89% or more - in administrative and executive grades, and in 

the clerical grades more than half owned their home (Table 27). Council tenancy was 

considerably more common than private amongst subjects in clerical and office support 

grades renting their accommodation.

Women in administrative and executive grades were considerably more likely to report 

being single than their male counterparts, whereas in clerical/support grades the 

opposite was true (Table 28). Divorce or separation was more commonly reported 

amongst women than men at each level. The prevalence of remarriages has not been 

considered.
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Subjects in lower employment grades were less likely to be in the top quartile of 

height after controlling for age (Table 29).

5.3 Early influences and biochemical risk factors

Some indirect evidence for the role of background and early factors on coronary risk is 

seen in the associations of father’s social class and subject’s height with risk factors at 

age 35-55. Risk indexed by apoAI and the apoB/apoAI ratio is greater in men and 

women with manual social class fathers, and by apoB in women only (Table 30). 

Cholesterol and TG levels do not show this effect. Fibrinogen, but not factor VIIc 

levels are somewhat lower in those with non-manual family backgrounds, though the 

manual/non-manual difference is statistically significant only in men (Table 31).

Biochemical risk factors according to quartiles of height at screening are displayed in 

Tables 32 and 33. The pattern of results is similar to those for father’s social class for 

the clotting factors, but not the lipids. The apoB/apoAl ratio shows an inverse trend 

with height in both sexes, as with father’s occupation, but height is here more strongly 

related to apoB than apoAI. Comparing top and bottom quartiles of height, cholesterol 

in both sexes is 0.2 mmol/1 lower in the tallest subjects. No such effect was evident 

with father’s social class. Further analyses of the influences of early life and current 

circumstances on risk factors are presented at the end of this chapter (Section 5.6).

Education level distinguishes subjects in the expected way on the basis of apoAI, the 

apoB/apoAl ratio and fibrinogen in both sexes, and cholesterol, apoB and factor VIIc 

in women (Tables 34 and 35). Group differences are similar to those observed with 

family social background and adult height.

5.4 Current socioeconomic status and biochemical risk factors

Results for the risk factors adjusted for age, and in women menopausal status, analysed 

by 3 levels of employment grade are shown in Tables 36 and 37. Cholesterol and 

factor VIIc levels show little variation by grade despite large sample sizes. Other risk 

factor levels are inversely related to employment grade with the exception of apoB in 

men. Results for the 6 level classification (Tables 38 and 39) confirm these trends to
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less favourable risk factor levels in lower grades, and almost universally reveal a 

graded and stepwise deterioration in triglyceride, apolipoprotein and fibrinogen levels 

from senior administrative to clerical and office support grades. These findings are 

seen though subjects were not fasted before venepuncture.

Analyses by housing tenure (Tables 40 and 41) reveal some heterogeneity in risk 

factors, particularly in women, with more favourable levels in owner occupiers than 

tenants. Amongst women this classification shows a 0.1 mmol/1 difference in serum 

cholesterol in favour of owner occupiers, while an analogous effect was not shown 

using either of the occupational class measures. Availability of a car or van is not a 

discriminator of lipid levels in this population (Table 42), but availability is associated 

with lower fibrinogen levels in men (Table 43).

5.5 Biological significance of the social gradients in apolipoprotein AI and 

fibrinogen

Strong and consistent inverse social gradients have been demonstrated in mean apoAI, 

triglyceride and fibrinogen levels in men and women. These gradients have been used 

to estimate the potential attributable CHD mortality risk in lower as compared to 

higher employment grades.

Standardised regression estimates (SREs) for CHD incidence on HDL cholesterol 

(Gordon et al 1981) and fibrinogen (Kannel et al 1987) obtained in the Framingham 

study were used to estimate (Phillips and Davey Smith 1991) the risk attributable to 

the trends in risk factors across employment grades amongst men. These estimated 

odds ratios for CHD risk in clerical as compared with administrative grades - apoAI: 

1.20, fibrinogen: 1.10 - would explain, statistically, around one third of excess deaths 

in the lower grades if mortality, as yet not analysed, in the present cohort was to show 

a pattern similar to that seen in the first Whitehall study (Rose and Marmot 1981). In 

that study a similar proportion of the CHD risk associated with low employment grade 

was explained by variations in smoking, blood pressure, height, overweight, leisure

time activity and glucose tolerance.
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5.6 Joint effects of early influences and current socioeconomic status 

Social background, indexed by father’s social class (reported by the subject) further 

delineates subjects’ risk factor status within the 3 broader employment categories 

(Tables 44 and 45). This is most clearly seen amongst women, for example in the 

results for the apoB/apoAl ratio, for whom employment grade appears to be a less 

precise measure of social position.

Increasing stature is associated with a more favourable risk factor profile in men and 

women in this population (Section 5.3). This observation may be the product of the 

influences of favourable early growth and development, as Barker has suggested 

(Barker 1992). The effect of controlling for current socioeconomic status, indexed by 

employment grade, is displayed in Table 46. Log transforms of each of the risk 

factors were regressed first on height in cms controlling for age and subsequently in 

the same model with the 6 level grade variable added. Little or no confounding is 

evident for cholesterol, apoB and the apoB/apoAl ratio, whilst the coefficient for 

fibrinogen on height is attenuated by 26% in men and 32% in women when current 

grade is taken into account.

The inter-relationships of current employment grade, height and risk factors are further 

examined in Table 47, which shows the result of controlling for height at screening on 

the grade-risk factor associations. It can be seen that the gradients of TG, apoAI, the 

apoB/apoAl ratio and fibrinogen across employment grades are essentially independent 

of adult height.

5.7 Summary

Substantial inverse gradients in apoAI, triglycerides and fibrinogen across 

socioeconomic strata have been demonstrated in this healthy working population. The 

findings help to resolve the paradox that mean serum cholesterol levels, whilst 

predicting CHD in individuals, have not appeared to be part of the explanation for the 

increasing CHD risk seen as socioeconomic strata are descended. The gradients in 

apoAI and fibrinogen across employment grades potentially explain an estimated one
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third of the expected CHD risk differential between top and bottom grades in this 

population of Civil Service employees.

The nature, in terms of behavioural and psychosocial factors, of these risk factor 

gradients are examined in the following two chapters.
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Table 24 Father’s Registrar General social class by employment grade

Proportion with father’s social class I-IIIN

Administrative Executive Clerical

% (total N) % (total N) % (total N)

Men 64.3% (1715) 54.3% (2342) 41.5% (337)

Women 81.5% (200) 54.6% (840) 29.9% (883)

Response missing for 1765 (28.7%) men and 891 (31.7%) women
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Table 25 Education level by employment grade

Age at which full-time education completed

MEN

Up to age 16 

Age 17-18 

Over 18

Administrative

%

13.8%

20. 1%

66 . 1%

Executive

34.1%

32.5%

33.4%

Clerical

%

65.7%

18.1%

16.2%

Base 1841

Response missing for 1394 (22.6%) men

2548 376

WOMEN

Up to age 16 

Age 17-18 

Over 18

Administrative

%

4.2%

14.4%

81.4%

Executive

%

35.9%

29.9%

34.2%

Clerical

%

77.9%

15.3%

6.8%

Base 215

Response missing for 667 (23.7%) women

920 1012
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Table 26 Car access by employment grade

Car or van normally available

Administrative Executive Clerical

% (total N) % (total N) % (total N)

Men 94.9% (2498) 83.9% (3213) 52.3% (434)

Women 87.0% (355) 73.4% (1194) 69.7% (1256)

Response missing for 14 (0.23%) men and 9 (0.32%) women
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Table 27 Housing tenure by employment grade

MEN

Owner-occupier 

Council tenant 

Private unfum.

Private furnished 

Base

Response missing for 35 (0.57%) men

Administrative

%

98.5%

0.3%

0.4%

0 .8%

2496

Executive Clerical

% %

94.6%

1.9%

1.5%

1.9%

3196

54.4%

24.8%

13.0%

7.9%

432

WOMEN Administrative Executive Clerical

Owner-occupier 

Council tenant 

Private unfum. 

Private furnished 

Base

97.7%

0 .6%

1 . 1 %

0.6%

352

%

88.9%

5.0%

4.0%

2 . 1%

1187

%

63.3%

26.2%

8.5%

2.0%

1254

Response missing for 21 (0.75%) women
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Table 28 Marital status by employment grade

MEN

Single

Divorced

Widowed

Base

Administrative

6 .8%

Married/cohabiting 89.1 %

3.8%

0.4%

2499

Executive

16.7%

77.2%

5.6%

0.5%

3204

Clerical

42.1%

48.0%

8.9%

1.1%

440

Responses missing for 16 (0.26%) of men

WOMEN

Single

Married/cohabiting

Divorced

Widowed

Base

Administrative

27.0%

59.2%

12. 1%

1.7%

355

Executive

30.7%

54.8%

12.7%

1.8%

1194

Clerical

15.1%

65.5%

15.1%

4.4%

1248

Responses missing for 17 (0.60%) of women
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Table 29 Height by employment grade. Age adjusted.

Proportion in top height quartile within each grade

Administrative 

% (total N)

Executive 

% (total N)

Clerical 

% (total N)

Men 27.7% (2501) 23.3% (3213) 15.8% (441)

Women 39.0% (356) 28.1% (1198) 17.9% (1259)

Response missing for 4 (0.06%) men and 1 (0.04%) woman
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Table 30 Lipid factors by father’s social class. Adjusted for age and menopausal status 

Geometric means (95% confidence interval) and sample numbers

Men diff p Women diff p

Manual

Non-manual

Serum cholesterol mmol/1

5.87 (5.82-5.92) 
1871
5.87 (5.83-5.92) 
2498

ns 5.78 (5.68-5.87) 
1012
5.73 (5.63-5.83) 
871

ns

Manual

Non-manual

Serum triglycerides mmol/1

1.93 (1.82-2.05) 
312
1.97 (1.86-2.08) 
365

ns 1.47 (1.35-1.60) 
201
1.34 (1.21-1.47) 
145

ns

Manual

Non-manual

Apolipoprotein AI mg/dl

147.0 (145.8-148.2) **
1512
149.3 (148.3-150.4)
2017

163.4 (160.8-166.0) 
820
169.8 (166.9-172.8) 
710

* * *

Manual

Non-manual

Apolipoprotein B mg/dl

104.5 (103.3-105.8) ns 
1512
103.3 (102.2-104.4)
2017

95.5 (93.3-97.9) 
820
93.1 (90.7-95.5) 
710

Manual

Non-manual

ApoB/ApoAl ratio

0.711 (0.701-0.721) **
1512
0.692 (0.684-0.701)
2017

0.585 (0.569-0.601) 
820
0.548 (0.532-0.565) 
710

* * *

diff p: significance level of difference test *** p<0.0001 ** p<0.005 * p<0.05 ns p>0.10
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Table 31 Haemostatic factors by father’s social class. Adjusted for age and menopausal
status

Geometric means (95% confidence interval) and sample numbers

Men diff p Women diff p

Fibrinogen g/1

Manual

Non-manual

2.70 (2.66-2.74) 
704
2.60 (2.57-2.64) 
817

* * 2.86 (2.80-2.92) 
452
2.80 (2.74-2.87) 
314

ns

Factor VIIc % standard

Manual

Non-manual

85.5 (83.9-87.2) 
577
86.4 (84.9-87.9) 
692

ns 91.2 (88.7-93.8) 
362
89.9 (87.2-92.8) 
265

ns

diff p; significance level of difference test ** p<0.(X)5 ns p>0.10
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Table 32 Lipid factors by height quantités. Adjusted for age and menopausal status.

Geometric means (95% confidence interval) and sample numbers

Height quartile

1

2

3

4

Men trend p

Serum cholesterol mmol/1

5.98 (5.93-6.04) ***
1544
5.94 (5.88-5.99)
1525
5.85 (5.80-5.91)
1544
5.75 (5.70-5.80)
1512

Serum triglycerides mmol/1

1.93 (1.78-2.09) 
177
1.89 (1.75-2.04) 
186
2.07 (1.91-2.23) 
182
1.88 (1.73-2.03) 
179

Apolipoprotein AI mg/dl

147.7 (146.3-149.1) 
1126
147.9 (146.5-149.2)
1148
147.5 (146.1-148.8) 
1167
147.8 (146.5-149.2)
1149

Apolipoprotein B mg/dl

106.0 (104.5-107.4) 
1126
104.3 (102.9-105.7)
1148
103.0(101.6-104.4)
1167
101.2 ( 99.8-102.6)
1149

ApoB/ApoAl ratio

0.717 (0.706-0.729) 
1126
0.705 (0.694-0.717)
1148
0.698 (0.687-0.710) 
1167
0.684 (0.673-0.696)
1149

Women

5.87 (5.77-5.97) 
691
5.90 (5.80-6.00) 
698
5.81 (5.72-5.91) 
712
5.67 (5.58-5.77) 
679

1.49 (1.34-1.66) 
112
1.35 (1.21-1.50) 
110
1.46 (1.30-1.64) 
97
1.26 (1.11-1.44) 
71

165.9 (163.2-168.8) 
528
166.4 (163.7-169.1) 
552
165.7 (163.0-168.4) 
554
167.5 (164.6-170.3) 
519

96.5 (94.1-98.9) 
528
95.5 (93.2-97.8) 
552
94.5 (92.2-96.8) 
554
91.4 (89.2-93.7) 
519

0.581 (0.565-0.599) 
528
0.574 (0.558-0.590) 
552
0.570 (0.554-0.587) 
554
0.546 (0.530-0.562) 
519

trend p

ns

trend p: significance level of trend test *** p<0.0001 ** p<0.005 ns p>0.10

Height quartiles/cm

2
3
4

144.5-172.5
172.6-176.7 
176.8-181.0 
181.1-203.0

132.5-158.4
158.5-162.9
163.0-167.0
167.1-186.6
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Table 33 Haemostatic factors by height quartiles. Adjusted for age and menopausal status.

Geometric means (95% confidence interval) and sample numbers

Height quartile Men trend p Women

Fibrinogen g/1

1 2.70 (2.65-2.74) ** 2.88 (2.81-2.95)
494 277

2 2.64 (2.59-2.68) 2.86 (2.79-2.93)
462 269

3 2.65 (2.60-2.70) 2.76 (2.69-2.83)
445 271

4 2.58 (2.53-2.62) 2.72 (2.64-2.80)
454 205

Factor VIIc % standard

1 86.5 (84.4-88.6) ns 89.9 (86.8-93.0)
365 204

2 84.6 (82.5-86.7) 90.4 (87.2-93.7)
350 191

3 85.8 (83.6-88.1) 91.0 (87.7-94.4)
322 182

4 87.1 (85.0-89.3) 90.3 (86.6-94.2)
344 136

trend p

* *

ns

trend p: significance level of trend test ** p<0.005 ns p>0.10

Height quartiles/cm 
1 
2
3
4

144.5-172.5
172.6-176.7 
176.8-181.0 
181.1-203.0

132.5-158.4
158.5-162.9
163.0-167.0
167.1-186.6
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Table 34 Lipid factors by education level. Adjusted for age and menopausal status.

Geometric means (95% confidence interval) and sample numbers

Men trend p Women trend p

Serum cholesterol mmol/1 

nsUp to 16 

17-18 

Over 18

Up to 16 

17-18 

Over 18

Up to 16 

17-18 

Over 18

Up to 16 

17-18 

Over 18

Up to 16 

17-18 

Over 18

5.88 (5.82-5.93) 
1360
5.94 (5.88-6.00) 
1261
5.83 (5.79-5.88) 
2117

5.84 (5.75-5.93) 
1103
5.75 (5.63-5.86) 
455
5.69 (5.57-5.80) 
546

Serum triglycerides mmol/1

ns2.01 (1.88-2.16) 
230
1.94 (1.80-2.09) 
196
1.88 (1.77-2.00) 
299

Apolipoprotein AI mg/dl

145.6 (144.3-147.0) ***
1121
148.2 (146.8-149.7)
1082
150.2 (149.0-151.4)
1632

Apolipoprotein B mg/dl

104.2 (102.8-105.7) ns 
1121
103.8 (102.3-105.3)
1082
103.4 (102.2-104.7)
1632

ApoB/Apo A1 ratio

0.716 (0.704-0.728) **
1121
0.700 (0.689-0.712)
1082
0.689 (0.679-0.698)
1632

1.43 (1.32-1.54) 
248
1.47 (1.30-1.66) 
80
1.24 (1.08-1.43) 
59

163.4 (161.0 165.9) 
895
167.2 (164.0-170.5) 
374
169.7 (166.5-173.0) 
448

96.7 (94.6-98.9) 
895
94.3 (91.6-97.1) 
374
91.8 (89.2-94.5) 
448

0.592 (0.576-0.607) 
895
0.564 (0.545-0.584) 
374
0.541 (0.523-0.559) 
448

ns

* * *

* *

***

trend p: significance level of trend test *** p<0.0(X)l ** p<0.005 * p<0.05 ns p>0.10
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Table 35 Haemostatic factors by education level. Adjusted for age and menopausal status.

Geometric means (95% confidence interval) and sample numbers

Up to 16 

17-18 

Over 18

Men trend p Women

Fibrinogen gA

2.69 (2.65-2.74) ** 2.88 (2.83-2.94)
565 549
2.66 (2.61-2.71) 2.79 (2.71-2.88)
446 168
2.60 (2.56-2.64) 2.71 (2.63-2.81)
648 150

trend p

Factor VIIc % standard

Up to 16 

17-18 

Over 18

85.8 (84.0-87.7) ns 92.2 (89.9-94.6)
461 432
86.9 (84.8-89.1) 87.9 (84.4-91.5)
342 139
85.8 (84.1-87.4) 87.4 (83.8-91.1)
575 136

trend p: significance level of trend test ** p<0.005 * p<0.05 ns p>0.10
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Table 36 Lipid factors by employment grade: 3 levels. Adjusted for age and menopausal
status.

Geometric means (95% confidence interval) and sample numbers

Men trend p Women

Serum cholesterol mmol/1

Administrative

Prof/Exec

Clerical/Support

Administrative

Prof/Exec

Clerical/Support

Administrative

Prof/Exec

Clerical/Support

Administrative

Prof/Exec

Clerical/Support

Administrative

Prof/Exec

Clerical/Support

5.88 (5.83-5.92) 
2491
5.88 (5.84-5.92) 
3201
5.91 (5.81-6.01) 
437

ns 5.79 (5.66-5.92) 
342
5.79 (5.71-5.88) 
1127
5.84 (5.76-5.92) 
1204

Serum triglycerides mmol/1

1.86 (1.76-1.97) *
370
2.00 ( 1.88-2 . 12)
307
2.17 (1.87-2.53)
48

Apolipoprotein AI mg/dl

150.3 (149.1-151.4) ***
1748
146.5 (145.6-147.5)
2520
143.0 (140.5-145.5)
326

Apolipoprotein B mg/dl

104.3 (103.2-105.5) ns 
1748
102.9 (101.9-103.8)
2520
104.8 (102.2-107.6)
326

ApoB/ApoAl ratio

0.694 (0.685-0.704) *
1748
0.702 (0.694-0.710)
2520
0.733 (0.711-0.756)
326

1.20 (0.99-1.47) 
30
1.40 (1.27-1.54) 
144
1.44 (1.33-1.56) 
213

173.2 (169.4-177.1) 
255
169.2 (166.8-171.6) 
915
162.3 (160.1-164.5) 
957

91.8 (88.8-94.8) 
255
93.4 (91.5-95.4) 
915
96.2 (94.3-98.2) 
957

0.530 (0.510-0.551) 
255
0.552 (0.539-0.566) 
915
0.593 (0.579-0.607) 
957

trend p

ns

***

**

***

trend p: significance level of trend test *** p<0.(XX)l ** p<0.(X)5 * p<0.05 ns p>0.10
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Table 37 Haemostatic factors by employment grade: 3 levels. Adjusted for age and
menopausal status

Geometric means (95% confidence interval) and sample numbers

Men trend p Women trend p

Fibrinogen g/1

Administrative

Prof/Exec

Clerical/Support

2.59 (2.56-2.63) 
914
2.66 (2.62-2.69) 
783
2.85 (2.76-2.94) 
160

*** 2.52 (2.42-2.62) 
106
2.81 (2.75-2.87) 
367
2.87 (2.81-2.92) 
541

***

Factor VIIc % standard

Administrative

Prof/Exec

Clerical/Support

85.6 (84.1-87.1) 
704
85.8 (84.1-87.5) 
548
89.7 (86.2-93.4) 
130

ns 86.4 (81.4-91.6) 
66
90.9 (88.2-93.8) 
261
90.7 (88.2-93.1) 
380

ns

trend p: significance level of trend test *** p<0.0001 ns p>0.10
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Table 38 Lipid factors by employment grade: 6 levels. Adjusted for age and menopausal
status.

Geometric means (95% confidence interval) and sample numbers

Men trend p Women

Serum cholesterol mmol/1

UG1-UG6 5.91 (5.84-5.98) ns 5.77 (5.56-5.99)
951 107

UG7 5.85 (5.80-5.91) 5.80 (5.65-5.95)
1540 235

Senior EO 5.82 (5.75-5.88) 5.74 (5.57-5.91)
1165 176

Higher EO 5.94 (5.88-6.00) 5.76 (5.64-5.88)
1355 417

EO 5.87 (5.79-5.96) 5.83 (5.72-5.94)
681 534

Clerical/Support 5.91 (5.81-6.01) 5.84 (5.76-5.92)
437 1204

Serum triglycerides mmol/1

UG1-UG6 1.75 (1.63-1.89) ** 1.20 (0.84-1.72)
190 9

UG7 1.99 (1.84-2.15) 1.21 (0.95-1.52)
180 21

Senior EO 1.95 (1.77-2.15) 1.32 (0.95-1.82)
116 11

Higher EO 1.99 (1.81-2.18) 1.34 (1.16-1.55)
133 54

EO 2.12 (1.84-2.43) 1.45 (1.28-1.65)
58 79

Clerical/Support 2.17 (1.87-2.53) 1.44 (1.33-1.56)
48 213

Apolipoprotein AI mg/dl

UG1-UG6 152.1 (150.3-154.0) *** 173.9 (167.6-180.4)
704 80

UG7 149.1 (147.6-150.5) 173.1 (168.7-177.6)
1044 175

Senior EO 146.5 (145.0-148.0) 171.2 (166.3-176.2)
937 137

Higher EO 147.5 (146.1-149.0) 172.8 (169.5-176.2)
1073 352

EO 144.5 (142.5-146.5) 165.9 (162.9-168.8)
510 426

Clerical/Support 142.9 (140.5-145.5) 162.2 (160.0-164.5)
326 957

trend p

ns
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Table 38 (continued) Lipid factors by employment grade: 6 levels. Adjusted for age and
menopausal status.

Men trend p Women

Apolipoprotein B mg/dl

trend p

UG1-UG6 104.3 (102.5-106.2) ns 90.3 (85.5-95.3)
704 80

UG7 104.3 (102.8-105.8) 92.4 (89.0-96.0)
1044 175

Senior EO 100.8 ( 99.3-102.3) 92.3 (88.5-96.3)
937 137

Higher EO 105.0 (103.5-106.5) 92.7 (90.1-95.4)
1073 352

EO 102.4 (100.4-104.6) 94.2 (91.8-96.7)
510 426

Clerical/Support 104.9 (102.2-107.6) 96.2 (94.3-98.2)
326 957

ApoB/ApoAl ratio

UG1-UG6 0.686 (0.671-0.700)
704

UG7 0.700 (0.688-0.712)
1044

Senior EO 0.688 (0.676-0.701)
937

Higher EO 0.712 (0.699-0.724)
1073

EO 0.709 (0.692-0.727)
510

Clerical/Support 0.734 (0.712-0.756)
326

trend p; significance level of trend test ***

0.519 (0.487-0.553) 
80
0.534 (0.510-0.558) 
175
0.539 (0.513-0.567) 
137
0.536 (0.518-0.555) 
352
0.568 (0.551-0.586) 
426
0.593 (0.579-0.607) 
957
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Table 39 Haemostatic factors by employment grade: 6 levels. Adjusted for age and
menopausal status.

Geometric means (95% confidence interval) and sample numbers

Men trend p Women

Fibrinogen g/l

UG1-UG6 2.59 (2.54-2.64) *** 2.48 (2.32-2.65)
440 35

UG7 2.59 (2.55-2.64) 2.53 (2.42-2.66)
474 71

Senior EO 2.60 (2.54-2.66) 2.71 (2.54-2.88)
299 39

Higher EO 2.68 (2.62-2.73) 2.80 (2.70-2.90)
315 118

EO 2.72 (2.64-2.81) 2.84 (2.76-2.92)
169 210

Clerical/Support 2.85 (2.76-2.94) 2.87 (2.81-2.92)
160 541

Factor VIIc % standard

UG1-UG6 84.2 (82.1-86.3) * 81.7 (74.0-90.3)
343 22

UG7 86.9 (84.8-89.1) 88.7 (82.6-95.2)
361 44

Senior EO 84.3 (81.6-87.0) 88.4 (81.4-96.1)
206 32

Higher EO 85.8 (83.2-88.5) 88.2 (83.8-93.0)
225 82

EO 88.3 (84.6-92.2) 93.0 (89.4-96.8)
117 147

Clerical/Support 89.7 (86.2-93.4) 90.7 (88.3-93.2)
130 380

trend p

***

0.06

trend p: significance level of trend test *** p<0.0001 * p<0.05 ns p>0.10
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Table 40 Lipid factors by housing tenure. Adjusted for age and menopausal status.

Geometric means (95% confidence interval) and sample numbers

Men diff p Women diff p

Serum cholesterol mmol/1

Owner occupier 

Council tenant 

Private tenant

Owner occupier 

Council tenant 

Private tenant

Owner occupier 

Council tenant 

Private tenant

Owner occupier 

Council tenant 

Private tenant

Owner occupier 

Council tenant 

Private tenant

5.88 (5.85-5.91) 
5689
5.93 (5.77-6.09) 
176
5.85 (5.71-6.00) 
229

ns 5.79 (5.71-5.86) 
2078
5.92 (5.79-6.05) 
369
5.88 (5.73-6.04) 
206

1.93 (1.85-2.01) 
676
2.02 (1.61-2.55) 
21
2.12 (1.72-2.60) 
26

Serum triglycerides mmol/1 

ns

Apolipoprotein AI mg/dl

147.8 (147.1-148.5) ns 
4268
144.4 (140.5-148.4)
133
148.1 (144.5-151.7)
165

Apolipoprotein B mg/dl

103.6 (102.9-104.4) ns 
4268
104.9 (100.8-109.2)
133
102.3 ( 98.7-106.1)
165

ApoB/Apo A1 ratio

0.701 (0.695-0.707) ns 
4268
0.727 (0.693-0.762)
133
0.691 (0.662-0.722)
165

1.36 (1.26-1.46) 
282
1.58 (1.37-1.82)
63
1.47 (1.24-1.75) 
39

167.4 (165.4-169.5) 
1676
159.5 (156.2-163.0) 
276
166.9 (162.5-171.3) 
160

93.4 (91.7- 95.0) 
1676
98.6 (95.5-101.7) 
276
99.2 (95.4-103.1) 
160

0.558 (0.546-0.570) 
1676
0.618 (0.595-0.641) 
276
0.595 (0.568-0.623) 
160

0.08

***

diff p: significance level of test for heterogeneity *** p<0.0001 * p<0.05 ns p>0.10
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Table 41 Haemostatic factors by housing tenure. Adjusted for age and menopausal status.

Geometric means (95% confidence interval) and sample numbers

Owner occupier 

Council tenant 

Private tenant

Men diff p

Fibrinogen g/1

2.62 (2.60-2.65) 
1715
2.89 (2.75-3.03) 
68
2.87 (2.73-3.01) 
65

***

Women

2.77 (2.72-2.81) 
732
2.93 (2.85-3.03) 
184
2.94 (2.82-3.06) 
92

diff p

Factor VIIc % standard

Owner occupier 

Council tenant 

Private tenant

85.7 (84.6-86.8) 
1266
89.2 (83.9-94.8) 
57
91.7 (86.1-97.6) 
54

0.07 89.2 (87.1- 91.3) 
497
92.9 (89.0- 96.9) 
134
95.0 (89.9-100.4) 
73

diff p: significance level of test for heterogeneity *** p<0.(XX)l ** p<0.(X)5 * p<0.05
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Table 42 Lipid factors by car availability. Adjusted for age and menopausal status.

Geometric means (95% confidence interval) and sample numbers

Men diff p Women diff p

Serum cholesterol mmol/1

Yes 5.89 (5.86-5.92) ns 5.81 (5.73-5.88) ns
5269 1960

No 5.83 (5.75-5.90) 5.84 (5.74-5.94)
846 705

Serum triglycerides mmol/1

Yes 1.92 (1.85-2.01) ns 1.37 (1.27-1.48) ns
639 261

No 2.09 (1.86-2.34) 1.48 (1.34-1.64)
83 123

Apolipoprotein AI mg/dl

Yes 147.8 (147.0-148.5) ns 166.6 (164.5-168.6) ns
3961 1578

No 147.3 (145.4-149.2) 165.5 (162.8-168.3)
623 545

Apolipoprotein B mg/dl

Yes 103.8 (103.0-104.5) ns 94.4 (92.7-96.1) ns
3961 1578

No 102.1 (100.2-104.0) 95.1 (92.8-97.4)
623 545

ApoB/Apo A1 ratio

Yes 0.702 (0.696-0.708) ns 0.567 (0.555-0.579) ns
3961 1578

No 0.693 (0.678-0.708) 0.574 (0.558-0.591)
623 545

diff p: significance level of difference test ns p>0.10
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Table 43 Haemostatic factors by car availability. Adjusted for age and menopausal status.

Geometric means (95% confidence interval) and sample numbers

Men diff p Women diff p

Fibrinogen g/1

Yes 2.63 (2.60-2.66) * 2.79 (2.75-2.84) ns
1634 718

No 2.72 (2.65-2.79) 2.86 (2.79-2.93)
218 292

Factor VIIc % standard

Yes 85.4 (84.2-86.5) ** 90.5 (88.3-92.8) ns
1201 475

No 90.7 (87.6-93.9) 90.2 (87.3-93.2)
177 228

diff p: significance level of difference test ** p<0.005 * p<0.05 ns p>0.10
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Table 44 Lipid factors by employment grade and father’s social class. Age adjusted.

Geometric means (95% confidence interval)

Employment Father’s Men Women
Grade RGSC

Serum cholesterol mmol/1

Administrative I-IHN 5.90 (5.83-5.96) 5.77 (5.59-5.95)
IHM-V 5.82 (5.74-5.91) 5.66 (5.31-6.03)

Executive I-mN 5.86 (5.80-5.92) 5.74 (5.62-5.87)
IHM-V 5.89 (5.82-5.95) 5.78 (5.65-5.91)

Clerical I-IHN 5.80 (5.62-5.98) 5.68 (5.53-5.83)
IHM-V 5.94 (5.79-6.10) 5.78 (5.68-5.89)

Serum triglycerides mmol/I

Administrative I-IIIN 1.87 (1.74-2.02) 1.10 (0.87-1.38)
IHM-V 1.83 (1.68-2.00) 1.52 (0.98-2.35)

Executive I-IHN 2.07 (1.90-2.25) 1.36 (1.19-1.56)
IHM-V 1.99 (1.82-2.18) 1.50 (1.30-1.72)

Clerical I-IHN 2.46 (1.82-3.33) 1.41 (1.22-1.64)
IHM-V 2.14 (1.76-2.61) 1.46 (1.32-1.61)

Apolipoprotein AI mg/dl

Administrative I-IHN 152.1 (150.5-153.7) 176.1 (170.8-181.5)
IHM-V 150.7 (148.5-152.9) 167.8 (157.8-178.4)

Executive I-IHN 147.6 (146.2-149.1) 171.7 (168.2-175.2)
IHM-V 146.1 (144.5-147.6) 166.4 (162.9-169.9)

Clerical I-IHN 144.2 (140.0-148.5) 163.4 (159.4-167.6)
IHM-V 141.5 (138.0-145.2) 161.2 (158.2-164.1)

Apolipoprotein B mg/dl

Administrative I-IHN 105.2 (103.6-107.0) 92.3 (88.2-96.6)
IHM-V 104.9 (102.6-107.2) 97.7 (89.1-107.2)

Executive I-IHN 101.8 (100.3-103.3) 93.0 (90.2-96.0)
IHM-V 104.1 (102.5-105.7) 94.7 (91.7-97.7)

Clerical I-IHN 103.3 ( 98.8-108.0) 93.5 (90.0-97.1)
IHM-V 106.1 (102.1-110.3) 96.0 (93.4-98.7)

ApoB/ApoAl ratio

Administrative I-IHN 0.692 (0.679-0.705) 0.524 (0.497-0.553)
IHM-V 0.696 (0.679-0.714) 0.583 (0.523-0.649)

Executive I-IHN 0.690 (0.678-0.701) 0.542 (0.523-0.562)
IHM-V 0.713 (0.700-0.726) 0.569 (0.548-0.591)

Clerical I-IHN 0.716 (0.680-0.754) 0.572 (0.547-0.598)
IHM-V 0.750 (0.717-0.784) 0.596 (0.577-0.615)

Father’s RGSC = Father’s Registrar General social class
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Table 45 Haemostatic factors by employment grade and father’s social class. Age adjusted.

Geometric means (95% confidence interval)

Employment Father’s Men Women
Grade RGSC

Fibrinogen gA

Administrative I-IIIN 2.56 (2.52-2.61) 2.67 (2.52-2.82)
IIIM-V 2.65 (2.59-2.71) 2.58 (2.29-2.91)

Executive I-IIIN 2.62 (2.57-2.68) 2.78 (2.69-2.88)
IIIM-V 2.70 (2.65-2.76) 2.86 (2.76-2.96)

Clerical I-IIIN 2.88 (2.71-3.07) 2.89 (2.79-3.00)
IIIM-V 2.86 (2.74-2.97) 2.87 (2.80-2.94)

Factor VIIc % standard

Administrative I-IIIN 85.7 (83.7-87.7) 86.8 (81.2-92.9)
IIIM-V 85.2 (82.8-87.7) 81.6 (69.9-95.3)

Executive I-IIIN 86.5 (84.1-89.0) 91.8 (87.8-95.9)
IIIM-V 85.2 (82.7-87.8) 91.5 (87.4-95.8)

Clerical I-IIIN 94.4 (87.1-102.3) 89.2 (84.9-93.7)
IIIM-V 87.7 (83.2- 92.4) 91.4 (88.4-94.4)

Father’s RGSC = Father’s Registrar General social class
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Table 46 Regression of biochemical risk factors on height: effect of controlling for 
employment grade (6 levels)

Regression coefficient and significance level

MEN WOMEN*

6 6

Log chol age -0.00252 

+ grade -0.00253

0.0001

0.0001

-0.00209

-0.00204

0.0002

0.0004

Log TG age 

+ grade

0.00000

0.00122

1.00

0.70

-0.00757

-0.00629

0.08

0.16

Log apoAI age 0.00000

+ grade -0.00033

0.99

0.38

0.00045

-0.00025

0.41

0.66

Log apoB age -0.00319 

+ grade -0.00326

0.0001

0.0001

-0.00310

-0.00269

0.0001

0.001

Log apoB/AI age -0.00320 

+ grade -0.00293

0.0001

0.0001

-0.00355

-0.00245

0.0002

0.01

Log fibr age -0.00236 

+ grade -0.00174

0.0008

0.01

-0.00362

-0.00247

0.0003

0.02

Log FVIIc age 0.00033

4- grade 0.00069

0.74

0.48

0.00070

0.00135

0.62

0.35

* controlling for menopausal status
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Table 47 Regression of biochemical risk factors on employment grade (6 levels): effect of 
controlling for height.

Regression coefficient and significance level

MEN WOMEN*

6 B

Log chol age 0.00120

+ height -0.00034

0.46

0.83

0.00300

0.00117

0.23

0.65

Log TG age 0.03722

+ height 0.03777

0.004

0.004

0.03822

0.03187

0.08

0.15

Log apoAI age -0.01088 

+ height -0.01111

0.0001

0.0001

-0.01706

-0.01721

0.0001

0.0001

Log apoB age -0.00024 

-f- height -0.00215

0.92

0.38

0.01216

0.00989

0.0007

0.007

Log apoB/AI age 0.01064

4- height 0.00897

0.0002

0.002

0.02922

0.02711

0.0001

0.0001

Log fibr age 0.01646

4- height 0.01514

0.0001

0.0001

0.02691

0.02445

0.0001

0.0001

Log FVIIc age 0.00924

4- height 0.00975

0.02

0.01

0.01199

0.01344

0.07

0.05

* controlling for menopausal status
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CHAPTER 6 RESULTS 3: HEALTH RELATED BEHAVIOURS AND SOCIAL 

DIFFERENCES IN BIOCHEMICAL RISK FACTORS

6.1 Introduction

Results are presented for the relationships of adiposity and health related behaviours to 

lipid and haemostatic factors in this group of civil servants. Each of the seven risk 

factors with the exceptions of cholesterol (both sexes) and apoB (men) show 

improving trends with higher socioeconomic status, indexed by employment grade, 

though factor VIIc shows small gradients in each sex. These associations are 

examined taking into account related physiological and behavioural factors. 

Additionally, report of recent physical symptoms is used as a control variable in an 

attempt to remove the potential confounding effects of recent ill-health. The 

hypothesis tested in this chapter is that health related behaviours do not account for the 

entirety of social gradients in the biochemical risk factors measured in the study 

population.

If a social gradient remains after the adjustment, then for the factor concerned either 

there is residual confounding, or some other effect is operating. In chapter 7 the 

possibility is examined that psychosocial factors, including work characteristics, may 

be independent determinants of the social gradients in apoAI, the apoB/apoAI ratio and 

fibrinogen. Alternatively, if, for example, the social gradient in fibrinogen is abolished 

by adjustment for the differing patterns of obesity, smoking and alcohol consumption 

across employment grades, potential psychosocial effects would appear to operate via 

their influences on such behaviours.

6.2 Behavioural factors and employment grade

Variations according to gender and employment grade in obesity, smoking, alcohol 

consumption, dietary and exercise behaviour, and recent symptoms have been 

published (Marmot et al 1991), and are not shown here. The prevalence of smoking, 

in particular, was inversely and strongly related to employment status, and higher in 

women than men in all except the clerical and office support grade. Subjects in lower 

grades were more likely to report they ate white bread, used full-fat milk, took little
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vigorous exercise, and obesity (body-mass index >30 kg/m^) was more prevalent.

Mean BMI differences, particularly in men, were not large. Alcohol consumption, in 

contrast, was directly related to employment status. Since there is a trend to greater 

mean alcohol intake in higher grades, which are presumed to be at lower risk of CHD 

and which show lower rates of prevalent disease, it seems likely that alcohol 

consumption, at the levels seen in the majority of these men and women, is, if 

anything, cardioprotective. Women tended to report more recent physical symptoms 

than men. An inverse trend in symptom reporting with grade was seen in men but not 

women.

6.3 Behavioural and physiological indices and biochemical factors

Mean levels in men and women of each of the biochemical risk factors, adjusted for 

age and menopausal status, according to self-reports of smoking habit, units of alcohol 

consumed in the previous week, dietary pattern and whether vigorous exercise is taken 

three or more times per week are shown in Table 48 (cholesterol, TG, apoAI, apoB 

and apoB/apoAl ratio) and table 49 (fibrinogen and factor VIIc). Variation in each of 

the risk factors associated with degree of obesity is presented in these tables.

Least squares means were obtained from SAS proc GLM. Age standardisation was 

carried out as described above (Section 3.7) by including age in years as a continuous 

variable in a single model for both sexes with menstrual status included as a nested 

term. Tests of trend, heterogeneity or difference, as appropriate, were derived from 

proc GLM.

6.4 Degree of obesity

Increasing BMI is associated with less favourable levels of each risk factor. The 

thinnest women, in the lowest BMI quartile (below 21.8 kg/m^), had similar levels of 

TG and factor VIIc compared to those in the next (21.8-23.6 kg/m^) quartile. In this 

population, those in the leanest quartile of BMI had the most desirable levels of each 

of the risk factors measured.
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6.5 Smoking, drinking, diet and exercise 

Comparing self-reported never, ex- and current smokers, the latter tend to have higher 

levels of cholesterol, TG, apoB, apoB/apoAl ratio and fibrinogen and lower levels of 

apoAI. Men but not women had higher levels of factor VIIc. Female ex-smokers 

were more likely than males to have risk factor levels similar to never smokers. In the 

case of fibrinogen this was not so.

A moderate level of alcohol consumption appears to reduce cardiovascular risk 

(Marmot and Brunner 1991) but in these men 10-19 units/week is associated with 

marginally higher levels of cholesterol, apoB and factor VIIc. The protective effect of 

moderate alcohol intake has been ascribed, in part, to its effect on HDL (Criqui et al 

1987) and fibrinogen levels (Meade et al 1979), and in this study higher apoAI and 

lower fibrinogen are evident in moderate drinkers in both sexes. In addition, there 

seems to be a beneficial effect on TG. TG levels showed a threshold effect in women, 

being lower (1.31-1.35 mmol/1) in drinkers than in non-drinkers (1.57mmol/l). In men, 

low and moderate alcohol consumption was associated with progressively lower TGs; 

above 20 units/week, mean TG levels were similar to those of non-drinkers. There is 

a suggestion of a U-shaped relationship between alcohol consumption and factor VIIc 

activity in women.

The simple dietary indicator showed, a little surprisingly, an association in the 

predicted direction with serum cholesterol and apoB in men but not in women. Other 

differences in mean lipid and apoprotein levels between those classified as reporting a 

’healthy diet’ and those who were not, were generally in the expected direction, but 

did not reach significance at the p<0.05 level. The relatively crude dietary indicator, 

based on the responses to 6 food type or food frequency questions, did not show an 

effect with factor VIIc levels.

Three or more episodes per week of vigorous exercise are linked with lower total 

cholesterol, higher apoAI and lower apoB, particularly in women. Fibrinogen and 

factor VIIc concentrations are not significantly related to reported levels of vigorous 

exercise in these data.
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6.6 Recent symptoms

Current or recent ill-health may produce alterations in biochemical status directly, in 

the case of acute phase reactants (Stuart and Lewis 1988), or indirectly via changes in, 

for example, diet and physical activity, as the results discussed in the previous section 

indicate. The symptom score, based on report of symptoms in the 14 days before 

screening, is inversely associated with apoAI and positively associated with the 

apoB/apoAl ratio (Table 50), but no relationship with either of the haemostatic factors 

is observed (Table 51).

6.7 Does behaviour determine the inverse social gradients in lipid and 

haemostatic factors?

Variations in lifestyle variables across the employment grades are evident, as would be 

expected, and are potentially important in explaining the expected social gradient in 

CHD events. To examine the extent to which the lifestyle variables determine 

gradients of lipid and clotting factors which do show an association with grade of 

employment, a series of models has been constructed. The previous chapter presented 

means for the five lipid and two haemostatic variables analysed by six levels of 

employment grade after age adjustment, and for women, allowing for the influence of 

menopause (Tables 38 and 39). Here these results are presented as parameters for the 

corresponding multiple regression equation to show the mean percentage change in the 

risk factor per grade descended.

For the protective factor apoAI (Table 52) this change is negative, reflecting a direct 

association with grade, while levels of fibrinogen (Table 53) show an inverse 

association with grade, and the change is positive. Terms for BMI, health related 

behaviours and finally reported symptoms are then added in sequence to the regression 

model, to estimate the residual association between grade and risk factor at each step 

after the grade-related variables have been adjusted for. The proportion of variance in 

the risk factor explained by the entire model is also shown at each step.

The same sequential modelling exercise has been applied to the factors, such as serum 

cholesterol, which do not show an association with grade in the crude (age and
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menopausal status adjusted) analyses, to determine whether an underlying relationship 

with grade may be being masked by the grade-related patterns of the behavioural 

variables.

Results are shown for the lipid factors in Table 52 and for the haemostatic factors in 

Table 53. Amongst the risk factors which show an association with grade there is in 

general the expected stepwise decline in the regression coefficient for grade as terms 

for BMI, smoking and alcohol consumption are added to the models; these factors are 

those measured most precisely. Subsequent addition of terms for exercise, diet and 

recent ill-health (indexed by the reported symptom score) induce marginal changes in 

the and grade parameter for each risk factor.

Three patterns are evident in the results. Cholesterol in both sexes and factor VIIc in 

women show no relationship with grade in the age-adjusted models, and subsequent 

adjustments do not alter this finding. The crude associations with grade evident for 

serum TG, apoAI, apoB/apoAl ratio and fibrinogen in both sexes, and for factor VIIc 

in men and apoB in women are consistent with the predicted inverse CHD risk 

gradient. Sequential adjustments weaken the relationships with grade to differing 

degrees, some of which are entirely abolished by the adjustment process.

The findings for apoB levels in men, however, are contrary to those above. The crude 

relationship with grade is not significant, but after adjustment for BMI and smoking 

the relation apparent is one of declining risk, as indexed by apoB, as each employment 

grade is descended. Further adjustments do not alter this result. Amongst women, 

crude apoB levels are inversely related to grade - increasing apoB as the grades are 

descended - but the association is abolished after BMI and smoking adjustments, with 

a tendency to show the same underlying pattern as men, though it is not statistically 

significant, to lower risk in lower grades.

The most striking findings are those for apoAI and fibrinogen. In the fully adjusted 

model the grade parameters remain significant in both sexes for apoAI and in men for 

fibrinogen. Compared with the grade parameter adjusted only for age and menopausal

158



status, the parameter in the fully adjusted model is attenuated by 39% in men and 60% 

in women for apoAI, and 55% in men and 58% in women for fibrinogen. The 

corresponding attenuations for the apoB/apoAl ratio are 100% and 83% in men and 

women respectively.

In chapter 7 a parallel modelling exercise will test the hypothesis that psychosocial 

factors, such as the stress of recent life events and unfavourable work characteristics, 

may be associated with levels of these risk factors. The two possible pathways of 

action are considered: that effects operate independently of the influences of health 

behaviours, or that such effects are mediated by them.
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Table 48 Serum cholesterol and triglycerides by degree of obesity, smoking status, alcohol consumption, diet indicator and leisure time physical activity.
Age adjusted.

BMI quartile (kg/m̂ )
1 low
2
3
4 high

Max, sample size

<22.6
22.6-

24.3-
>26.3

<21.8
21.8-

23.7-
>26.4

Serum cholesterol (mmol/1) 
MEN WOMEN
6122 2671

5.53
5.75
6.04
6.22

<0.0001 5.57
5.74
5.88
6.04

<0.0001

Serum triglycerides (mmol/1) 
MEN WOMEN
724 387

1.57
1,73
2.01
2.40

<0.0001 1.25
1.22
1.41
1.65

<0.0001

Smoking status* 
non-smoker 
ex-smoker 
smoker

2883
2254
825

1262
702
666

5.78
5.96
5.97

<0.0001 5.78
5.72
5.97

<0.0001 1.82
1.99
2.24

<0.01 1.36
1.28
1.60

<0.005

g
Alcohol consumption
0 (units/week) 701 647
1-9 2505 1429
10-19 1493 395
2(>f 1385 175

5.77
5.76
5.91
6.13

<0.0001 5.87
5.79
5.77
5.94

ns 2.03
1.92
1.84
2.07

ns 1.57
1.35
1.33
1.31

<0.05

Diet indicator 
’bad’
’good’

4511
184

1906
164

5.88
5.70

<0.05 5.79
5.75

ns 1.95
1.78

ns 1.40
1.35

ns

Vigorous exercise
no
yes

4236
426

1987
65

5.89
5.64

<0.0001 5.78
5.47

<0,02 1.97
1.65

<0.02 1.41
1.09

ns

test for heterogeneity



Table 48 (cont.) Serum apolipoproteins AI and B by degree of obesity, smoking status, alcohol consumption, diet indicator and leisure time physical activity.
Age adjusted.

BMI quartile (kg/m̂ )
1 low
2
3
4 high

Max. sample size

<22.6
22.6-

24.3-
>26.3

<21.8
21. 8-

23.7-
>26.4

Serum apolipoprotein AI (mg/dl) 
MEN WOMEN
4587 2125

152.2 
148.8
147.3
143.3

<0.0001 172.7
169.4
167.0
158.0

<0.0001

Serum apolipoprotein B (mg/dl) 
MEN WOMEN

4587 2125

94.4
100.1
107.2
112.6

<0.0001 86.5
91.8
96.2

102.5

<0.0001

Smoking status* 
non-smoker 
ex-smoker 
smoker

2883
2254
825

1262
702
666

148.6
148.8
142.2

<0.0001 169.5 
168.2
159.6

<0.0001 101.3
105.0
106.5

<0.0001 92.5
92.6 
99.8

< 0.0001

On Alcohol consumption
0 (units/week) 701 647
1-9 2505 1429
10-19 1493 395
20+ 1385 175

138.3
144.9 
149.5
155.9

<0.0001 160.3
166.0
175.5
180.0

<0.0001 104.1
102.1
104.3
105.4

<0.01 97.7
93.7
92.7 
93.2

<0.005

Diet indicator 
’bad’
’good’

4511
184

1906
164

148.2
147.6

ns 165.8
165.9

ns 104.0
99.8

<0.05 94.9
96.3

ns

Vigorous exercise
no
yes

4236
426

1987
65

147.6
155.2

<0.0001 165.6
172.9

0.06 104.1
99.0

<0.0005 95.0
85.9

<0.005

* test for heterogeneity
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Table 48 (cont.) Serum apolipoprotein B/AI ratio by degree of obesity, smoking status, alcohol consumption, diet indicator and leisure time physical activity.
Age adjusted.

BMI quartile (kg/m̂ )
Max. sample size

Serum apolipoprotein B/AI ratio 
MEN WOMEN
4587 2125

1 low <22.6 <21.8 0.621
2 22.6- 21.8- 0.673
3 24.3- 23.7- 0.728
4 high >26.3 >26.4 0.786

Smoking status*
non-smoker 2883 1262 0.681
ex-smoker 2254 702 0.706
smoker 825 666 0.749

Alcohol consumption
0 (units/week) 701 647 0.753
1-9 2505 1429 0.704
10-19 1493 395 0.698
20+ 1385 175 0.676

Diet indicator
’bad’ 4511 1906 0.701
’good’ 184 164 0.676

Vigorous exercise
no 4236 1987 0.706

^ it for heterogeneity 426 65 0.638

<0.0001

<0.0001

<0.0001

ns

<0.0001

0.501
0.542
0.576
0.648

0.545
0.551
0.625

0.610
0.565
0.529
0.518

0.572
0.581

0.574
0.497

<0.0001

<0.0001

<0.0001

ns

<0.0005



Table 49 Plasma fibrinogen and factor VIIc activity by degree of obesity, smoking status, alcohol consumption, diet indicator and leisure time physical
activity. Age adjusted.

BMI quartile (kg/m̂ )
1 low
2
3
4 high

Smoking status* 
non-smoker 
ex-smoker 
smoker

Max. sample size

<22.6 <21.8 2.57
22.6- 21.8- 2.61
24.3- 23.7- 2.64

>26.3 >26.4 2.71

2883 1262 2.58
2254 702 2.61
825 666 2.92

Plasma fibrinogen (g/I)
MEN
1852

<0.0001

<0.0001

WOMEN
1013

2.61
2.77
2.75
3.02

2.73
2.82
2.93

<0.0001

<0.0001

Plasma factor VIIc {% standard) 
MEN WOMEN
1379 707

81.0
84.7 
86.9
89.7

84.4
87.5 
86.8

<0.0001

<0.05

85.6
85.3
91.3 
96.8

90.9
91.1
88.7

<0.0001

ns

s Alcohol consumption 
0 (units/week)
1-9 
10-19
20f

Diet indicator
’bad’
good’

Vigorous exercise
no
yes

701 647 2.78 <0.0001 2.90 <0.0001 84.6 <0.05 93.8 ns
2505 1429 2.65 2.82 84.7 89.4
1493 395 2.60 2.62 88.2 86.3
1385 175 2.59 2.65 87.3 94.7

4511 1906 2.66 ns 2.83 ns 85.9 ns 90.6 ns
184 164 2.54 2.94 85.4 88.7

4236 1987 2.65 ns 2.83 ns 86.3 ns 90.2 ns
426 65 2.62 2.79 84.2 85.2

* test for heterogeneity



Table 50 Serum cholesterol, triglycerides and apolipoproteins by quartiles of symptom score. Age adjusted.

Serum cholesterol Serum triglycerides Serum apolipoprotein Al Serum apolipoprotein B ApoB/apoAI ratio

MEN WOMEN MEN WOMEN MEN WOMEN MEN WOMEN MEN WOMEN

1 5.86 5.83 1.87 1.40 149.1 167.5 103.1 94.1 0.692 0.561
2 5.90 5.85 1.87 1.45 148.2 167.5 103.2 95.0 0.697 0.567
3 5.88 5.80 2.01 1.34 148.0 166.4 103.6 94.5 0.700 0.568
4 5.89 5.78 2.12 1.42 144.4 164.0 104.8 95.1 0.726 0.580

trend p ns ns <0.05 ns <0.0001 <0.05 ns ns <0.0005 0.09

ns p>0.10
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Table 51 Plasma fibrinogen and factor VIIc by quartiles of symptom score. Age adjusted.

Plasma fibrinogen Plasma factor VIIc

MEN WOMEN MEN WOMEN

1 2.64 2.76 85.7 87.7
2 2.61 2.83 84.7 90.1
3 2.63 2.81 87.7 92.7
4 2.68 2.83 86.8 91.0

trend p ns ns ns ns

ns p>0.10
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Table 52 Regression o f lipids and apoproteins on em ploym ent grade (6 levels) adding related
variables to the model.

A. Serum cholesterol

%cha]
level

AGE 0.02

+BMI -0.16

+SMOKING -0.26

+ALCOHOL -0.15

+EXERCISE -0.14

+DIET -0.16

4-SYMPTOMS -0.16

B. Serum triglycerides

MEN

level

AGE 4.76

4-BMI 3.55

4-SMOKING 2.95

-h ALCOHOL 3.10

4-EXERCISE 2.98

4-DIET 2.92

4-SYMPTOMS 2.75

C. Serum apolipoprotein Al

%change
level

AGE -1.19

4-BMI -1.11

4-SMOKING -0.99

4-ALCOHOL -0.80

4-EXERCISE -0.74

4-DIET -0.75

4-SYMPTOMS -0.73

WOMEN

p value R2 %change per 
level

p value R:

0.93 3.6 0.49 0.10 19.3

0.39 8.9 0.31 0.30 21.0

0.17 9.2 0.15 0.62 21.5

0.44 10.4 0.06 0.85 21.5

0.47 10.8 0 1.0 21.9

0.40 10.9 -0.03 0.94 22.0

0.40 10.9 0 0.99 22.0

p value R: %change per 
level

p value R:

0.0009 1.7 4.54 0.04 5.7

0.01 10.6 4.00 0.06 10.4

0.03 11.3 2.49 0.24 14.2

0.03 11.4 1.19 0.60 15.1

0.03 12.5 0.98 0.67 16.2

0.04 12.6 0.98 0.67 16.6

0.05 13.4 0.98 0.66 16.6

p value R2 %change per 
level

p value R̂

0.0001 1.2 -2.02 0.0001 3.8

0.0001 2.7 -1.85 0.0001 6.8

0.0001 3.3 -1.53 0.0001 9.0

0.0001 9.5 -0.85 0.006 12.1

0.0001 10.3 -0.82 0.008 12.7

0.0001 10.3 -0.81 0.009 12.7

0.0001 10.5 -0.80 0.01 12.8
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Table 52 (cont.) Regression o f lipids and apoproteins on em ploym ent grade (6 levels) adding
related variables to the model.

D. Serum apolipoprotein B

MEN WOMEN

%change per p value 
level

R: %change per p value 
level

R2

AGE -0.34 0.23 2.2 1.11 0.01 12.7

+BMI -0.59 0.03 10.4 0.73 0.09 18.8

+SMOKING -0.80 0.004 10.9 0.30 0.49 20.4

+ALCOHOL -0.78 0.004 11.0 -0.16 0.73 21.0

+EXERCISE -0.79 0.004 11.5 -0.26 0.57 21.4

+DIET -0.82 0.003 11.5 -0.27 0.56 21.4

+SYMPTOMS -0.83 0.003 11.5 -0.27 0.56 21.4

E. ApoB/apoAI ratio

%change per p value 
level

R: %change per p value 
level

R2

AGE 0.85 0.009 1.6 3.13 0.0001 8.2

+BMI 0.53 0.09 11.7 2.58 0.0001 17.5

+SMOKING 0.19 0.54 12.8 1.84 0.0003 21.0

+ALCOHOL 0.02 0.95 14.4 0.69 0.019 23.7

+EXERCISE -0.05 0.87 15.5 0.56 0.29 24.2

+DIET -0.07 0.83 15.5 0.54 0.31 24.2

+SYMPTOMS -0.09 0.76 15.7 0.53 0.31 24.3
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Table 53 Regression o f haemostatic factors on em ploym ent grade (6 levels) adding related
variables to the model.

MEN WOMEN

A. Plasma fibrinogen

%change per p value 
level

R̂ %change per p value 
level

R2

AGE 1.50 0.0001 2.2 2.02 0.0002 5.9

+BMI 1.32 0.0001 4.1 1.64 0.002 11.4

+SMOKING 0.89 0.006 7.9 1.37 0.01 12.6

+ALCOHOL 0.76 0.02 8.7 0.88 0.11 14.0

+EXERCISE 0.72 0.03 8.90 0.80 0.15 14.7

+DIET 0.69 0.03 9.0 0.87 0.12 14.9

+SYMPTOMS 0.68 0.04 9.1 0.85 0.13 15.1

5. Plasma factor VIIc
MEN WOMEN

%change per p value 
level

R2 %change per p value 
level

R2

AGE 0.87 0.04 0.5 0.77 0.29 4.1

+BMI 0.67 0.11 2.5 0.35 0.62 8.5

+SMOKING 0.54 0.21 2.8 0.52 0.47 8.8

+ALCOHOL 0.66 0.13 3.2 0.77 0.30 9.1

+EXERCISE 0.67 0.12 3.3 0.76 0.31 9.6

+DIET 0.66 0.13 3.3 0.69 0.36 9.8

+SYMPTOMS 0.65 0.14 3.3 0.68 0.37 9.9
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CHAPTER 7 RESULTS 4: PSYCHOSOCIAL FACTORS AND BIOCHEMICAL 

RISK FACTORS

7.1 Introduction

This chapter examines the cross-sectional associations in the data collected at the 

baseline of the Whitehall II study to test two related hypotheses. These are

(1) that psychosocial factors account for some of the social gradient in the biochemical 

risk factor variables previously identified in this study. A cross-sectional association 

between psychosocial and biochemical variables would be a necessary, but not 

sufficient condition if this hypothesis were correct, and

(2) that some of the proposed psychosocial effects operate independently of established 

health related behaviours such as smoking and alcohol consumption. A residual 

association between psychosocial and biochemical variables after adjustment for health 

related behaviours would be a necessary, but again not sufficient condition for this 

second hypothesis to be true.

Three of the risk factor variables have been selected as end-points for these analyses, 

based on the findings of previous studies and the results presented in Chapter 6. These 

are fibrinogen, apoAI and the apoB/apoAl ratio.

Fibrinogen was implicated as a potential mediating factor for psychosocial effects in 

the pilot study for Whitehall II (Markowe et al 1985), and an inverse social gradient 

remained after adjustment for behavioural factors in middle-aged Swedish men 

(Rosengren et al 1990a). Such gradients were again observed in this study and they 

remained statistically significant after adjustment for BMI and several health related 

behaviours in men but not women. Apolipoprotein Al displays the most robust social 

gradients in this study, which remain statistically significant in both sexes after the 

same adjustment process, though the attenuations are of comparable size to those seen 

with fibrinogen. An inverse trend in HDL cholesterol was seen according to education 

level in American men (Heiss et al 1980) and in a case-control study (Hebert et al
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1992) of non-fatal MI, HDL cholesterol appeared to account for the differences in risk 

between white- and blue-collar men after controlling for behavioural and physiological 

covariates. Inverse gradients in the apoB/apoAl ratio across employment grades are 

also evident in the age-adjusted data in Whitehall 11 subjects, and this measure is used 

to index atherogenic risk, though it is recognised that such ratios are less easy to 

interpret than an ’unconfounded’ simple variable.

In the data being analysed here the absence of a social gradient in cholesterol indicates 

that this variable is not suitable for testing the hypotheses above, despite the tax 

accountants study, and other reports (Dimsdale and Herd 1982), which suggest a 

psychological component in the determinants of serum cholesterol. ApoAI and 

fibrinogen fulfil the requirement for a social gradient, however the mechanism through 

which psychosocial demands may influence their levels, if not via patterns of 

behaviour, such as smoking, is not clear. It may be that other metabolic pathways, 

such as those involving the sympathetic nervous system and adrenal cortex (Bjomtorp 

1991), are more appropriate for study, but such measurements are not available at this 

point.

It would be expected that effects should be more readily discernible with increasing 

intensity and duration of exposure, and this is reflected in the Likert scaling utilised in 

most of the questionnaire instruments, which have been described above (Section 3.5). 

Scale scores are divided into tertiles for the majority of the analyses presented below.

Interpretation of the results must give consideration to pathways of action. Controlling 

for the effect of smoking and other behavioural factors is not appropriate if these 

factors may be the mechanism through which the psychosocial influences operate.

This is the focus of the second hypothesis above. Adjustment for socioeconomic 

status, by the entry of the 6 level employment grade term, is performed last in the 

sequence. The survival of a psychosocial effect after adjustment for social position 

would add to the evidence for its pertinence. Since the objective here is to search for 

psychosocial ’causes’ for cross-sectional social gradients in the biochemical risk 

factors, earlier adjustment would be over-controlling: the effect of interest would be
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abolished or considerably attenuated unless considerable covariance of the psychosocial 

exposure and biochemical outcome measure was independent of social position. The 

direction of causality in these cross-sectional data cannot, in any event, be judged on 

statistical grounds alone, rather, interpretation of associations must also depend on 

theoretical considerations and related evidence.

Confidence intervals are presented with group means throughout this chapter to aid 

interpretation of the findings (Gardner and Altman 1986). Since, in general, pre

existing hypotheses are being tested in these analyses, the conventional 5% level of 

statistical significance has been adopted as a guideline. Summary results (Section 

7.11) are presented at the end of the chapter.

7.2 Family and social network

Levels of apoAI, apoB/apoAl and fibrinogen after adjustment for age and menopausal 

status in tertiles for confiding/emotional support (Table 54), practical support (Table 

55) and negative support (Table 56). Tables 54 and 55 show similar effects. ApoAI 

in men conforms to hypothesis 1 in that higher levels were observed amongst those 

who felt they received adequate or good confiding and practical supports. This is not 

true of women, neither is any evidence of effects seen for the apoB/apoAl ratio in men 

or women. Fibrinogen, however, also tends to increase with increasing levels of both 

confiding and practical supports - against the hypothesis - in women, but not in men. 

Levels of perceived negative support, which the validation study suggested may be less 

well measured, appear to be unrelated to any of the biochemical variables (Table 56).

7.3 Affect

Table 57 shows small trends in the predicted direction for apoAI in both sexes and 

apoB/apoAl in men but not women. Fibrinogen is 0.05 g/1 lower in men in the top 

compared to bottom tertile of ABS score, whilst in women there is a tendency to the 

opposite trend, against expectations.

7.4 Personality traits

There is no specific hypothesis linking low social status to any specific personality
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trait which might in turn be associated with increased coronary risk. A candidate 

might be hostility, a component of the type A construct. Results are presented for 

both of these.

Table 58 shows there is a trend to more favourable apoprotein levels in women with 

higher type A scores, and the suggestion of a similar trend in apoAI but not 

apoB/apoAl in men. Associations of type A scores with fibrinogen are weaker, but 

consistent with those for the apoproteins. The results, particularly for women, are 

apparently at odds with the type A hypothesis, but may be due to the confounding 

effect of grade. More than 50% of men and women in the top administrative grade are 

in the upper tertile of type A score compared with less than 20% in the lowest clerical 

grade (Marmot et al 1991).

The type A-risk factor associations are examined in Table 59. The score has been 

entered into a multiple regression model (SAS proc GLM). The intertertile range for 

the relevant risk factor is therefore obtained by doubling the parameter in the %change 

per level column. Amongst women, the type A effects on apoAI and the apoB/apoAl 

ratio in the model controlling for age and menopausal status only (the first row in each 

table, marked AGE) are counter to the type A hypothesis. These results correspond to 

those in the univariate table (Table 58), though only observations with a complete set 

of covariates have been used in the models, and may therefore produce marginally 

different significance values. The values for the models containing age and tertile 

of type A score are in the range 0.1-6.8%. It can be seen that adjustments for BMI 

and health related behaviours in general reduce the size of the regression coefficients. 

Alcohol consumption appears to be the most important behavioural factor related to 

type A score and risk factors in women. Employment grade adjustment further 

reduces the association between type A score and apoAI, but not that between type A 

score and the apoB/apoAl ratio.

The strong trend to a prevalence of higher type A scores in higher grades is not 

mirrored by hostility scores, which are higher in lower grades (Marmot et al 1991), 

and thus consistent with a potential role in the social gradient of CHD. The results for
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the hostility-risk factor associations particularly amongst men (Table 60) give some 

support to Matthews’ hypothesis (1977), though other occupationally-related factors 

may be important in the observed trends.

Multivariate models adjusting sequentially for BMI and health related behaviours 

(Table 61) show the small univariate effects (Table 60) do not survive when covariates 

are controlled for. In women, adjustment for BMI in the model for the apoB/apoAl 

ratio unmasks an apparent underlying tendency for an improving ratio with increasing 

hostility. Similarly, fibrinogen appears to exhibit a tendency to decline with increasing 

hostility in the fully adjusted model for women.

7.5 Minor psychiatric morbidity 

Table 62 shows that some 30% of men and 35% of women in the study are defined 

chronic GHQ cases. The chronic scoring method, taking the answer ’same as usual’ as 

a morbid response, has been shown to be more specific than the standard scoring 

method (Goldberg 1972) for case detection in comparison with clinical interview 

(Goodchild and Duncan-Jones 1985), and is used here for the 30 item GHQ. The 

caseness threshold is a chronic GHQ score of 12/13.

Despite the power available to detect case/non-case differences only one of the six 

tests shows any evidence for an effect. Female GHQ cases show a slightly lower 

apoB/apoAl ratio, counter to the hypothesis under test, that excessive psychosocial 

demands may be related both to psychiatric morbidity and less favourable risk profiles. 

The lower apoB/apoAl ratio does suggest, very indirectly, that lower cholesterol may 

be linked with depression and potentially suicide, as the results of some lipid-lowering 

trials have suggested (Davey Smith and Pekkanen 1992). Using serum cholesterol, 

analysis according to chronic GHQ caseness, or responses to two of the individual 

GHQ items likely to detect suicidal tendencies ("Have you recently felt that life was 

entirely hopeless?", and "...felt that life isn’t worth living?") provided no support for 

the reverse causality interpretation (Brunner et al 1992).
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7.6 Cognitive factors: well-being

Table 63 shows that men who rated their well-being as average or good on the SWLS 

(Section 3.5) had slightly lower mean levels of fibrinogen. Though not statistically 

significant, mean apolipoprotein values were also consistent with hypothesis 1. Effects 

are not apparent amongst women.

7.7 Fatalism

Fatalism with respect to chances of modifying CHD risk is more prevalent amongst 

those in lower employment grades (Marmot et al 1991). Table 64 presents risk factor 

means according to the 3 point scale of possible responses. There is some evidence 

amongst men that fatalism, or low control, is associated with less favourable levels of 

apoAI, apoB/apoAl and, in particular, fibrinogen. This effect does not appear to be 

present amongst women.

The fatalism-risk factor association is investigated in multivariate analyses, presented 

in Table 65. Few subjects gave the ’bad luck’ response (Table 64), therefore a two 

level variable for fatalism has been used in the modelling, with level 1 representing 

high control and level 2 low and medium perceived control over heart attack risk. The 

coefficients indicate the change in the relevant risk factor, thus high v. low fatalism is 

associated with lower apoAI, a higher apoB/apoAl ratio and higher fibrinogen. 

Inspection of the values shows in this group of men and women, that the fatalism 

effect is not large, though measurement error is likely to be considerable in view of 

the single question used. The statistically significant effect for fibrinogen in men is 

abolished after adjustment for BMI, smoking, alcohol consumption, exercise and diet 

Some evidence for a residual association in the expected direction is present in men, 

whilst in women adjustment for degree of obesity, which is strongly related to 

fibrinogen (Table 49) reveals the suggestion that fatalism is associated with lower 

fibrinogen, though the parameter is not statistically significant. Adjustment for grade 

once BMI and behavioural factors are present in the models for apolipoproteins and 

fibrinogen has little effect, however the increment in the values for apoAI and 

fibrinogen suggests either the existence of some other determining factors related to 

grade, or that measurement error in the independent variables is being revealed.
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7.8 Financial difficulties

Tables 66 and 67 each show a similar pattern of findings. As expected, increasing 

levels of financial problems are associated with less favourable mean apoAI and 

apoB/apoAI concentrations in both sexes. Fibrinogen does not show a parallel effect. 

Financial difficulties are strongly related to employment grade and thereby to income. 

Nevertheless between 7% and 15% of respondents in the highest administrative grades, 

compared with 27% to 37% in the lowest clerical grade (Marmot et al 1991) reported 

they sometimes experienced financial problems.

The associations between financial problems and the three risk factor variables are 

further investigated using the sequence of adjustments as before. Since there are small 

cell sizes at the most severe level of financial problems, this variable is used with 

three response categories, with always/often (Table 66) and very great/great combined 

(Table 67). The percentage change in the dependent variable across the 3 possible 

responses is obtained by doubling the parameter given in the table. A negative 

parameter for apoAI, for example, indicates decreasing apoAI with increasing reported 

financial problems.

Similar findings emerge from the two sets of multivariate analyses (Tables 68 and 69). 

The effects of financial problems on apoAI and apoB/apoAl are substantially reduced 

or abolished after adjustment for BMI and behavioural factors. A residual effect is 

seen for apoAI in men after adjustment for grade as well as other covariates. There is 

some evidence for an underlying inverse association between financial problems and 

fibrinogen levels, which is counter to the hypotheses being tested.

7.9 Life events

Life events scores show an inverse gradient across employment grades in both sexes 

(Marmot et al 1991). Analyses stratified by events score (Table 70) suggest that a 

greater upset response is associated with less favourable apolipoprotein levels in both 

sexes, and that the effect is greater amongst subjects who have experienced 2 or more 

recent life events. Adjustment for employment grade did not abolish the effects (data 

not shown). Formal tests for interaction support the notion of a threshold effect: the
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difference in trends across levels of upset score at '1 or 2+ life events is significant in 3 

of the 4 apolipoprotein/sex groups. Potentially, this might be evidence for ’coping 

failure’ - that amongst subjects who have recently experienced two or more events, the 

level of reported upset is related to risk factor levels whereas this phenomenon is not 

seen amongst those experiencing only one.

Consideration of potential confounding, in particular, the systemic effects of recent 

illness, which is elicited in the life events questionnaire (Q75a) led to the conclusion 

that the life events summary score was a blunt measure, and that analyses of individual 

scale items were appropriate. On the bases of likely severity and duration of effect, 

and prevalence, two items were selected. These are bereavement (Q75b: death of 

close relative or friend) reported by 1531 men and 841 women, and divorce (Q75e 

divorce, separation or break-up of personal intimate relationship) reported by 359 men 

and 266 women. There was an insufficient number of individuals reporting both 

events to examine the effect of level of upset within this category. There were, for 

example, only 29 men and 33 women with fibrinogen measurements.

Table 71 shows results for report of recent bereavement. Differences between means 

lie in the expected direction, and appear larger for the apolipoproteins than fibrinogen. 

Reported level of upset was not associated with any of the risk factors (data not 

shown). Multivariate models for the associations between report of bereavement and 

the risk factor variables, adjusting successively for BMI, behavioural factors and 

employment grade (Table 72) show that adjustment for BMI, particularly in women, 

weakens the bereavement-apolipoprotein associations. This effect may be due to 

obesity differences, or to weight changes following bereavement.

Table 73 presents mean risk factor levels according to report of recent divorce, which 

appears to be associated with more favourable risk factor levels in both sexes. 

Adjustment for grade does not materially alter the findings (data not shown). Whilst 

this is not the expected result, alternative explanations would not seem to include a 

residual effect of age, since no association between age and apoAI amongst men is 

observed in these data (Table 21). Because of the small numbers involved,
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multivariate analysis has not been conducted.

7.10 Work characteristics 

The analyses presented below examine associations of the Karasek dimensions 

(Karasek and Theorell 1990) with each of the three risk factors. These are work pace, 

control, variety and skill use, conflicting demands and social supports at work. In 

addition, measures of job importance and satisfaction are tested though these are not 

explicitly components of the Karasek model.

In both sexes high levels of work pace, variety and skill use, job control and job 

satisfaction (men only) are progressively more prevalent in higher grades (Marmot et 

al 1991). Each of these factors may therefore ’account’ for trends to more favourable 

risk factor levels, which are themselves directly related to employment status.

Results are presented in pairs of tables for each index as age and menopause adjusted 

means, followed by multivariate analyses showing the effects of sequential adjustment 

for BMI, health behaviours and employment grade (6 levels). Sample sizes for the 

multivariate analyses are somewhat smaller than those given in the univariate tables 

since the former uses only those observations for which there are no missing values. 

This accounts for discrepancies in significance values between the trends across 

adjusted means and the corresponding model (AGE) in each set of analyses.

W ork pace Tables 74 and 75

Trends in apoAI and fibrinogen with increasing work pace are in the opposite to 

expected direction amongst men. ApoAI in men conforms to hypothesis 2 - a grade- 

related effect not mediated by BMI and health behaviours - since adjustment for these 

factors has little impact on the effect size, however the effect is not in the expected 

direction. Adjustment for grade reduces the pace-apoAI coefficient by 55%. The 

trend to lower fibrinogen with increasing pace amongst men does not remain 

significant after adjustment for BMI. Amongst women, adjustment for smoking, 

alcohol and exercise increases the apparent effect of pace, and this coefficient reaches 

formal statistical significance after adjustment for grade.
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Job Control Tables 76 and 77

Stepwise trends in the age adjusted risk factors are in the expected direction for apoAI 

and apoB/apoAl ratio in women and fibrinogen in men. Adjustment for BMI and 

health behaviours reduces or abolishes the effects in each case, while subsequent 

adjustment for grade has little effect. Similar adjustments, however, in the cases of 

apoAI and apoB/apoAl ratio in men, and fibrinogen in women, uncover underlying 

trends to less favourable levels with increasing job control.

Variety and skill use Tables 78 and 79

Risk factor levels each show trends in the expected direction across tertiles of work 

variety score in univariate analyses. Attenuations in the relevant parameter following 

BMI and health behaviours adjustments are between 42% and 96%. Further 

adjustment for grade reveals the suggestion of a direct relationship between variety and 

fibrinogen in women which is not statistically significant, but is consistent with the 

effect seen for job control.

Conflicting demands at work Tables 80 and 81

There is little evidence for any relationship between report of conflicting demands and 

risk factor levels in the age adjusted results. The apoB/apoAl ratio does exhibit the 

expected pattern in men. The effect reaches statistical significance after adjustment for 

BMI and remains at a similar level with further adjustments, including grade. In 

women, apoB/apoAl ratio shows the contrary effect - declining with increasing levels 

of reported conflicting demands - which appears to be largely confounded (or 

mediated) by the influences of BMI, smoking and alcohol consumption. The 

modelling results for fibrinogen do suggest an underlying trend to higher levels in 

women, but not men, which appears to be independent of BMI, health behaviours and 

grade.

Support at work Tables 82 and 83

The support at work index refers to management styles, and quality of working 

relationships with colleagues and immediate supervisor. Increasing support is 

associated with more favourable apolipoprotein levels in men but not women, though
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the distribution of responses across support levels is similar in both sexes. The effects 

of level of support in men are weakened by adjustment for BMI, smoking and alcohol 

consumption, whilst in women there is some evidence in the fully adjusted models for 

trends in apolipoproteins and fibrinogen which are against the hypothesis.

Job importance Tables 84 and 85

In men risk factors do not appear to be related to self-rated job importance. In 

women, fibrinogen is likewise unrelated, but the apolipoproteins exhibit a tendency to 

less favourable levels with increasing score on the importance index which is not 

entirely abolished by grade adjustment.

Job satisfaction Tables 86 and 87

Reported job satisfaction does not appear to be associated with risk factor levels, 

except in the case of fibrinogen in men, where the effect is in the expected direction 

and largely not accounted for by adjustments for BMI and health behaviours. This 

residual effect is reduced by 17% when adjusted for grade.

7.11 Synopsis of results

1. Non-occupational psychosocial factors

Social supports, affect balance, personality traits (type A and hostility), minor 

psychiatric morbidity, life events (bereavement and divorce), cognitive and material 

factors (satisfaction with life and financial problems) have been used to analyse three 

biochemical risk factors for CHD. Each of these risk factors was shown to be 

associated with socioeconomic status (Chapter 5), indexed by employment grade. The 

explanatory power of these subjective measures is understandably weak, in comparison 

with precisely measured factors such as BMI, as assessed by inspection of values. 

Nevertheless, consistent and robust associations do emerge from the analyses (Table 

88).

Univariate analyses

Cross-sectional associations between psychosocial factors in several domains and risk 

factors are demonstrated in univariate analyses, adjusting for age and menopausal
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status. These associations are consistent with the hypothesis that psychosocial 

determinants of risk status are potentially important in explanations of the inverse 

social gradient in CHD risk.

In both sexes bereavement and reported financial difficulties show statistically 

significant associations with one or both of the apolipoprotein measures in the 

expected direction. Quality and quantity of social supports, affect, satisfaction with 

life and hostility, and fatalism (low perceived control over CHD risk) are likewise 

associated with one or more of the apolipoproteins or fibrinogen amongst men. Only 

two of the univariate associations are statistically significant in the contrary direction, 

for fibrinogen in relation to confiding and practical types of support amongst women, 

Further support for the hypothesis comes from the pattern of trends, defined as >0.5% 

change in mean risk factor level per category of the ’exposure’ variable but not 

statistically significant, which are predominantly in the expected direction for the 

apolipoproteins, though not for fibrinogen.

Type A trait has here been treated as a potential risk marker for CHD, though 

evidence relating to its social class distribution from British studies including this 

(Marmot et al 1991) is not consistent with a role for type A in explanations of 

socioeconomic inequalities in CHD. The results (Table 58) suggest, particularly in 

women, that the type A trait, associated as it is with higher occupational status, may 

be regarded as desirable in the present social context, if the biochemical factors used 

here are the relevant indices of risk.

Hostility, in contrast, does appear to be an aspect of the overall type A construct 

associated with less favourable levels of both apolipoproteins and fibrinogen (Table 

60). The effect is most marked in men.

Divorce was selected as one of the two most psychologically demanding life events 

captured by the Ruberman instrument (1984), together with bereavement. 

Paradoxically, the results (Table 73) for both men and women suggest break-up of an 

intimate relationship in the past year is associated with more favourable risk factor
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status than others. Speculatively, this may be accounted for by a higher prevalence of 

moderate alcohol consumption, relative to others (Tables 48 and 49). Alternative 

explanations are not immediately evident.

Multivariate analyses

Regression models using sequential addition of terms for BMI, health related 

behaviours and finally 6 level employment grade have been applied to the associations 

with the three risk factor variables of type A pattern, hostility, bereavement, fatalism 

and financial problems. Results are summarised in Table 88. The models address 

hypothesis 2, stated at the beginning of this chapter, that some of the psychosocial 

effects on risk factors operate independently of established health related behaviours 

such as smoking and alcohol consumption. A residual association between 

psychosocial and biochemical variables after adjustment for health related behaviours 

would be a necessary but not sufficient condition for demonstrating this effect.

If  formal statistical significance is used for interpretation, the resulting associations 

after adjustments for BMI and health behaviours provide scant evidence for 

’independent’ psychosocial effects on the risk factors utilised here as end-points. As 

has been discussed above (Section 3.7) such an approach is of doubtful validity when 

imprecisely and well-measured factors are entered together into a regression model. If  

instead the degree of attenuation of the ’weak’ effect by adjustment for the well- 

measured effects is considered, then the conclusion is modified. Using bereavement 

and financial problems as the psychosocial exposures, these two effects have some 

resilience, since the coefficients are not entirely abolished after full adjustment. 

Whether this is due to residual effects of one or more of the adjustment variables, 

some unmeasured influence on the outcome variables, or evidence for psychosocial 

effects on these risk factors cannot be determined from these data.

2. Psychosocial characteristics of work

This employed population has provided questionnaire and biomedical data designed to 

test psychosocial hypotheses in relation to coronary risk. The Karasek model of job 

strain (Karasek and Theorell 1990) has been utilised in the study, and from the
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responses seven work indices have been computed. These indices are: work pace, 

conflicting demands at work, variety and skill use, job control, support at work, job 

importance and job satisfaction. The latter are included though not formally 

components of the Karasek hypothesis. The cross-sectional associations of these work 

indices with three biochemical risk factors (apoAI, apoB/apoAl ratio and fibrinogen) 

are examined in univariate and multivariate analyses (Table 89).

Univariate analyses

The cross-sectional associations of job control, variety and skill use, and job 

satisfaction with fibrinogen in men provide the most consistent evidence for a 

relationship between psychosocial characteristics of work and coronary risk in these 

data. Amongst women, variety and skill use and pace of work show a similar 

tendency for associations in the expected direction with fibrinogen, whereas three 

indices (support at work, job importance and job satisfaction) show a tendency to a 

direct association with fibrinogen, none of which is statistically significant, which is 

against hypothesis 1.

Considering the apolipoproteins, variety and skill use in both sexes, job control in 

women and supports at work amongst men show the strongest associations consistent 

with hypothesis 1. Against it, in women, higher levels of conflicting demands and 

lower self-rated job importance appear to be associated with more favourable levels of 

apolipoproteins. It may be that report of conflicting demands reflects variety at work, 

explaining this apparently contradictory finding, however the association of higher 

levels of job importance with less favourable levels of each of the risk factor variables 

amongst women is paradoxical.

Multivariate analyses

Regression models using sequential addition of terms for BMI, health related 

behaviours and finally 6 level employment grade have been applied to the associations 

with the three risk factor variables of each of the seven work indices. The same 

criterion that was used for non-occupational factors is applied, that consideration of 

trends not reaching formal statistical significance is appropriate in interpreting these

182



analyses.

In men, adjustment for BMI and health behaviours does not entirely abolish the effects 

seen in univariate analyses for job control, variety and skill use, and job satisfaction in 

relation to fibrinogen, suggesting there may be an effect of these factors which is not 

mediated by ’health behaviour’ in the usual sense of the term. Similar findings are 

seen in men for the work pace, conflicting demands and support at work indices when 

apoB/apoAl ratio is the outcome measure. In women, robust associations are seen 

between work pace and fibrinogen, and between the variety and skill use index and 

both apoAI and apoB/apoAl ratio, but there is scant evidence for other resilient effects. 

Results in women for supports at work, job control and job importance with respect to 

apolipoproteins provide evidence against the hypothesis.

Adjustment for employment grade is problematic for two reasons. Such adjustment 

is appropriate on the grounds of formal confounding, but may constitute ’over

controlling’ in the sense that both job characteristics and risk factors are related to 

employment grade. Grade is likely to be measured with less error than psychosocial 

characteristics of work and will therefore tend to obscure such psychosocial effects. A 

related methodological issue is that the respondent’s subjective appraisal of work 

characteristics will depend both on within and between grade comparisons. In 

addition, the sex distribution by grade, with more women in lower grades and vice 

versa, will alter the ’meaning’ of grade adjusted associations for men and women in 

different ways. Grade has been adjusted for last, in consequence, because of the 

problems of interpretation. This is illustrated by the effects of adjustment of the 

association between the variety and skill use index and apoAI (Table 79). Amongst 

men, the relevant parameter declines progressively from 0.77% to 0.19% with 

adjustments for BMI and health behaviours; subsequent grade adjustment produces a 

parameter of -0.50% which approaches statistical significance, suggesting, perhaps 

implausibly, that the underlying effect may be in the opposite direction to the crude 

association. Amongst women, the same association is further attenuated by adjustment 

for grade.
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The results for fibrinogen adjusted for grade (Table 89) show two statistically 

significant ’residual’ effects, both in women. The finding for pace supports the 

Karasek hypothesis, however the parallel results for the job control index show 

associations which lie in the opposite to expected direction.

Full adjustment shows a sizeable inverse relationship between level of job control and 

apoAI in men (Table 89). There is also a parallel underlying unfavourable trend in 

apoB/apoAl ratio with higher levels of job control. These findings are surprising since 

higher grade men are more likely to experience high levels of control (Marmot et al 

1991), higher mean levels of apoAI and lower apoB/apoAl ratios (Table 38).

In general, grade adjustment of other associations results in small modifications of 

BMI and health behaviours adjusted effects.

Supports at work results show consistent sex differences (Table 89). Surprisingly, 

those for women uniformly suggest a weak adverse effect of increasing support on the 

coronary risk factor variables, whilst amongst men increasing levels of support appear 

to be favourable. Confounding by grade is not suggested since parameters before and 

after adjustment are little different.

7.12 Summary

Cross-sectional associations with apoAI, apoB/apoAl ratio and fibrinogen of non- 

occupational psychosocial factors in several domains and seven psychosocial 

characteristics of work have been examined. Evidence for psychosocial effects on 

each of the three CHD risk factors in both sexes is seen only with one of the work 

indices, variety and skill use. High scores on the Cook-Medley hostility scale are 

associated with lower apoAI, higher apoB/apoAl ratio (both sexes) and fibrinogen 

(men only). In both sexes bereavement and financial difficulties are associated with 

less favourable levels of both apolipoprotein measures. The latter, but not the former, 

is strongly related to socioeconomic status.

Amongst men, low perceived control over heart attack risk (fatalism) is linked with
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less favourable levels of each biochemical variable, the effect being most marked with 

fibrinogen. High scores on the cognitive/judgemental Satisfaction With Life Scale are 

likewise linked with more favourable risk factor levels. Also amongst men, low levels 

of confiding, emotional and practical support are associated with lower apoAI and 

higher apoB/apoAl ratio. In addition to the variety and skill use index, other work 

indices which support the psychosocial hypothesis in men are those of job control, job 

importance and satisfaction (with fibrinogen) and supports at work (with 

apolipoproteins).

In women, control as well as variety and skill use at work show effects consistent with 

the hypothesis. However, amongst women, reports of social support, in general and at 

work, fatalism, satisfaction with life and job importance are weakly associated with 

risk factor levels, and if anything the results provide evidence in contradiction to the 

hypothesis.

Type A trait is, as predicted from its social distribution, favourably associated with 

biochemical risk factor status, whereas the hostility component of the construct appears 

to offer a more plausible potential explanation for the link between socioeconomic 

status, psychosocial stress and increased CHD risk.
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Table 54 Lipid and haemostatic factors by tertiles of Confiding Support Score. Adjusted
for age and menopausal status.

Geometric means (95% confidence interval)

Men trend p Women trend p

low

medium

high

Apolipoprotein Al mg/dl

145.8 (144.5-147.1) ** 
1265
148.1 (147.0-149.3)
1651
148.8 (147.7-150.0)
1678

164.2 (161.7-166.9) 
623
167.9 (165.5-170.4) 
756
166.4 (163.9-168.9) 
748

ns

low

medium

high

ApoB/ApoAl ratio

0.704 (0.693-0.715) ns 
1265
0.703 (0.694-0.713)
1651
0.697 (0.688-0.706)
1678

0.568 (0.552-0.584) 
623
0.563 (0.548-0.578) 
756
0.574 (0.559-0.589) 
748

ns

low

medium

high

Fibrinogen g/1

2.64 (2.59-2.69) 
408
2.63 (2.60-2.67) 
750
2.65 (2.61-2.69) 
699

ns 2.75 (2.68-2.82) 
267
2.79 (2.73-2.86) 
364
2.88 (2.81-2.94) 
383

p<0.005; ns p>0.1
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Table 55 Lipid and haemostatic factors by tertiles of Practical Support Score. Adjusted for
age and menopausal status.

Geometric means (95% confidence interval)

Men trend p Women trend p

low

medium

high

low

medium

high

Apolipoprotein Al mg/dl

145.5 (144.2-146.8) +
1222
149.4 (148.3-150.6)
1677
147.7 (146.5-148.8)
1695

ApoB/ApoAl ratio

0.702 (0.691-0.714) ns 
1222
0.697 (0.688-0.707)
1677
0.704 (0.695-0.714)
1695

165.5 (162.8-168.1) ns 
609
168.5 (166.0-171.1)
790
165.0 (162.6-167.4)
728

0.564 (0.548-0.580) ns 
609
0.568 (0.553-0.583)
790
0.572 (0.558-0.587)
728

low

medium

high

Fibrinogen g/1

2.65 (2.60-2.70) 
405
2.63 (2.60-2.67) 
751
2.64 (2.60-2.68) 
701

ns 2.74 (2.68-2.81)
278
2.82 (2.76-2.88) 
384
2.86 (2.80-2.93) 
352

** p<0.005; * p<0.05; ns p>0.1
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Table 56 Lipid and haemostatic factors by tertiles of Negative Support Score. Adjusted for
age and menopausal status.

Geometric means (95% confidence interval)

ns p>0.1

Men trend p Women trend p

low

medium

high

low

medium

high

Apolipoprotein Al mg/dl

146.3 (145.1-147.6) ns 
1396
149.1 (147.9-150.2)
1641
147.6 (146.4-148.7)
1557

ApoB/ApoAl ratio

0.701 (0.690-0.711) ns 
1396
0.698 (0.688-0.707)
1641
0.705 (0.695-0.715)
1557

163.8 (161.2-166.3) ns 
646
169.1 (166.5-171.6)
731
166.1 (163.7-168.6)
750

0.570 (0.555-0.586) ns 
646
0.567 (0.552-0.583)
731
0.568 (0.553-0.582)
750

low

medium

high

2.63 (2.58-2.68) 
478
2.64 (2.60-2.68) 
741
2.65 (2.61-2.69) 
638

Fibrinogen g/1 

ns 2.76 (2.70-2.83) 
301
2.85 (2.79-2.92) 
352
2.80 (2.74-2.87) 
361

ns
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Table 57 Lipid and haemostatic factors by tertiles of Affect Balance Score. Adjusted for age
and menopausal status.

Geometric means (95% confidence interval)

* p<0.05; ns p>0.1

Men trend p Women trend p

low

medium

high

Apolipoprotein Al mg/dl

147.3 (146.1-148.5) 0.09 
1394
149.0 (147.6-150.4)
1116
148.8 (147.5-150.2)
1248

164.4 (161.7-167.3) 
575
166.6 (163.7-169.5) 
575
165.7 (162.7-168.6) 
486

ns

low

medium

high

ApoB/ApoAl ratio

0.707 (0.697-0.718) ns 
1394
0.693 (0.682-0.705)
1116
0.697 (0.686-0.708)
1248

0.575 (0.558-0.592) ns 
575
0.575 (0.558-0.593)
575
0.575 (0.557-0.593)
486

Fibrinogen g/1

low

medium

high

2.67 (2.63-2.72) 
609
2.65 (2.60-2.70) 
468
2.62 (2.57-2.66) 
542

2.82 (2.75-2.90) ns
278
2.84 (2.77-2.91)
296
2.87 (2.79-2.95)
243
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Table 58 Lipid and haemostatic factors by tertile of Framingham Type A score. Adjusted
for age and menopausal status.

Geometric means (95% confidence interval) and sample numbers

Men trend p Women trend p

Apolipoprotein Al mg/dl

low

medium

high

146.7 (145.5-148.0) ns 
1485
148.4 (147.1-149.6)
1450
147.9 (146.7-149.1)
1567

165.0 (162.4-167.6) 
635
164.7 (162.2-167.2) 
752
169.7 (167.0-172.3) 
654

* *

low

medium

high

ApoB/ApoAl ratio

0.703 (0.693-0.713) ns 
1485
0.693 (0.683-0.703)
1450
0.708 (0.698-0.718)
1567

0.588 (0.572-0.604) 
635
0.570 (0.555-0.585) 
752
0.551 (0.536-0.566) 
654

* * *

Fibrinogen g/1

low

medium

high

2.69 (2.65-2.73) 
667
2.58 (2.54-2.63)
578
2.65 (2.61-2.69)
579

ns 2.85 (2.79-2.92) 
334
2.78 (2.72-2.84) 
357
2.78 (2.71-2.85) 
280

ns

*** p<0.0001; ** p<0.005; ns p>0.1
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Table 59 Regression models for the association between type A and 3 risk factors

L Apolipoprotein Al
WOMEN MEN

%change per 
level

p value %change per 
level

p value R̂

AGE 0.26 ns 0.1 1.60 0.003 1.6

+BMI 0.38 ns 1.6 1.57 0.002 5.2

+SMOKING 0.37 ns 2.5 1.58 0.002 8.2

+ALCOHOL 0.25 ns 9.0 1.06 0.04 12.1

+EXERCISE 0.18 ns 9.8 1.06 0.04 12.1

+DIET 0.17 ns 9.9 1.05 0.04 12.2

+SYMPTONS 0.28 ns 10.1 1.14 0.03 12.2

+GRADE -0.09 ns 10.5 0.81 ns 12.4

3. ApoB/apoAI ratio

%change per 
level

p value Rz %change per 
level

p value R:

AGE 1.05 0.06 1.5 -3.47 0.0002 6.8

+BMI 0.50 ns 11.4 -3.38 0.0001 17.3

+SMOKING 0.49 ns 12.6 -3.37 0.0001 21.5

+ALCOHOL 0.60 ns 14.3 -2.55 0.003 24.5

+EXERC1SE 0.73 ns 15.3 -2.45 0.004 24.8

+DIET 0.76 ns 15.4 -2.44 0.004 25.0

+SYMPTONS 0.62 ns 15.5 -2.52 0.004 25.1

+GRADE 0.57 ns 15.5 -2.64 0.004 25.1

]. Plasma fibrinogen

%change per 
level

p value R2 %change per 
level

p value R:

AGE -0.42 ns 0.8 -1.00 ns 4.4

+BMI -0.56 ns 2.8 -0.69 ns 10.1

+SMOKING -0.62 ns 7.3 -0.71 ns 11.7

+ALCOHOL -0.56 ns 8.2 -0.14 ns 13.5

+EXERCISE -0.54 ns 8.2 -0.09 ns 13.6

+DIET -0.54 ns 8.5 -0.09 ns 13.7

+SYMPTONS -0.58 ns 8.5 -0.02 ns 13.8

+GRADE -0.28 ns 8.7 0.17 ns 14.1
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Table 60 Lipid and haemostatic factors by tertiles of Cook-Medley hostility score. Adjusted
for age and menopausal status.

Geometric means (95% confidence interval) and sample numbers

* p<0.05; ns p>0.1

Men trend p Women trend p

low

medium

high

Apolipoprotein Al mg/dl

149.2 (147.7-150.8) ns 
940
149.7 (148.4-151.1)
1215
147.8 (146.3-149.3)
980

167.2 (163.8-170.5) 
416
167.7 (164.4-171.0) 
416
164.9 (161.6-168.3) 
390

ns

low

medium

high

ApoB/ApoAl ratio

0.697 (0.684-0.709) *
940
0.697 (0.686-0.708)
1215
0.714 (0.702-0.727)
980

0.576 (0.556-0.596) 
416
0.568 (0.548-0.588) 
416
0.584 (0.563-0.605) 
390

ns

Fibrinogen g/1

low

medium

high

2.63 (2.58-2.67) 
504
2.64 (2.60-2.68) 
577
2.70 (2.65-2.75) 
407

2.85 (2.77-2.92) 
237
2.86 (2.78-2.94) 
236
2.85 (2.77-2.92) 
227

ns
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Table 61 Regression models for the association between hostility and 3 risk factors

MEN WOMEN
A. Apolipoprotein Al

%change per 
level

p value %change per 
level

p value R̂

AGE -0.45 ns 0.1 -0.49 ns 1.0

+BMI -0.25 ns 1.7 -0.19 ns 3.5

+SMOKING -0.21 ns 2.6 -0.06 ns 5.6

+ALCOHOL -0.51 ns 9.1 -0.18 ns 9.5

+EXERCISE -0.49 ns 9.8 -0.18 ns 9.5

+DIET -0.46 ns 9.8 -0.11 ns 9.7

+SYMPTONS -0.35 ns 9.9 -0.03 ns 9.8

+GRADE -0.15 ns 10.5 0.06 ns 10.1

3. ApoB/apoAI ratio

%change per 
level

p value R: %change per 
level

p value R:

AGE 1.16 0.08 1.5 0.69 ns 7.0

+BMI 0.32 ns 11.1 -0.41 ns 16.8

+SMOKING 0.24 ns 12.2 -0.70 ns 20.1

+ALCOHOL 0.52 ns 14.1 -0.47 ns 24.0

+EXERCISE 0.49 ns 15.0 -0.46 ns 24.4

+DIET 0.36 ns 15.2 -0.59 ns 24.7

+SYMPTONS 0.15 ns 15.4 -0.71 ns 24.7

+GRADE 0.19 ns 15.4 -0.76 ns 24.7

C. Plasma fibrinogen

%change per 
level

p value R̂ %change per 
level

p value R:

AGE 1.13 0.09 0.9 -0.42 ns 4.5

+BMI 0.89 ns 3.0 -0.78 ns 10.8

+SMOKING 0.68 ns 7.5 -0.86 ns 12.4

+ALCOHOL 0.77 ns 8.3 -0.82 ns 14.6

+EXERCISE 0.77 ns 8.4 -0.80 ns 14.7

+DIET 0.69 ns 8.5 -0.76 ns 14.8

+SYMPTONS 0.66 ns 8.5 -0.90 ns 15.2

+GRADE 0.33 ns 9.0 -1.06 ns 15.9
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Table 62 Lipid and haemostatic factors by GHQ caseness (chronic scoring). Adjusted for
age and menopausal status.

Geometric means (95% confidence interval) and sample numbers

Men trend p Women trend p

Apolipoprotein Al mg/dl

Non-case 147.7 (146.9-148.6) ns 165.7 (163.6-167.8) ns
3213 1347

Case 147.7 (146.4-148.9) 167.4 (164.9-169.9)
1357 756

ApoB/ApoAl ratio

Non-case 0.702 (0.696-0.709) ns 0.575 (0.562-0.588) *
3213 1347

Case 0.698 (0.688-0.709) 0.560 (0.545-0.574)
1357 756

Fibrinogen g/1

Non-case 2.64 (2.61-2.67) ns 2.82 (2.77-2.87) ns
1316 665

Case 2.64 (2.59-2.68) 2.80 (2.73-2.86)
530 338

* p<0.05; ns p>0.1
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Table 63 Lipid and haemostatic factors by tertile of Satisfaction With Life Scale score.
Adjusted for age and menopausal status.

Geometric means (95% confidence interval) and sample numbers

p<0.05; ns p>0.1

Men trend p Women trend p

low

medium

high

low

medium

high

Apolipoprotein Al mg/dl

148.1 (146.7-149.4) ns 
1216
147.9 (146.6-149.2)
1342
148.8 (147.5-150.2)
1245

ApoB/ApoAl ratio

0.704 (0.693-0.715) ns 
1216
0.700 (0.689-0.710)
1342
0.696 (0.686-0.708)
1245

166.3 (163.5-169.2) ns 
560
164.9 (162.0-167.8)
532
166.4 (163.6-169.1)
592

0.571 (0.554-0.588) ns 
560
0.581 (0.563-0.599)
532
0.572 (0.556-0.589)
592

Fibrinogen g/1

low

medium

high

2.71 (2.66-2.76) 
486
2.62 (2.58-2.66) 
555
2.63 (2.59-2.68) 
606

2.82 (2.75-2.89) 
277
2.86 (2.79-2.93) 
273
2.84 (2.77-2.91) 
297

ns
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Table 64 Lipid and haemostatic factors by fatalism. Adjusted for age and menopausal
status.

Geometric means (95% confidence interval) and sample numbers

Men trend p Women trend p

Apolipoprotein Al mg/dl

Bad luck

Might

Definite

Bad luck

Might

Definite

138.6 (132.0-145.6) *
41
147.6 (146.2 (149.0)
1105
148.6 (147.7-149.6)
2656

ApoB/ApoAl ratio

0.706 (0.648-0.770) ns 
41
0.707 (0.695-0.719)
1105
0.697 (0.690-0.705)
2656

165.8 (157.0-175.0) ns 
36
166.3 (163.6-169.0)
650
165.6 (163.3-168.1)
1021

0.567 (0.516-0.624) ns 
36
0.577 (0.561-0.594)
650
0.570 (0.555-0.584)
1021

Bad luck

Might

Definite

Fibrinogen g/1

2.84 (2.57-3.14) 
15
2.70 (2.66-2.75) 
510
2.63 (2.60-2.66) 
1121

2.73 (2.51-2.97) ns
21
2.85 (2.78-2.91)
343
2.83 (2.78-2.89)
495

might= certain things might help reduce the chance of a heart attack

definite= certain things you can do for yourself will definitely help 
reduce the chance of a heart attack

* * p<0.005; * p<0.05; ns p>0.1
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Table 65 Regression models for

MEN
A. Apolipoprotein Al

the association between fatalism and 3 risk factors

WOMEN

%change per 
level

p value %change per 
level

p value R̂

AGE -0.8 ns 0.1 0.6 ns 1.1

+BMI -0.7 ns 1.7 0.6 ns 4.5

+SMOKING -0.5 ns 2.6 1.1 ns 7.5

+ALCOHOL -0.4 ns 9.0 0.8 ns 11.6

+EXERCISE 0 ns 9.8 0.8 ns 12.2

+DIET 0 ns 10.1 1.0 ns 12.4

+SYMPTONS 0 ns 10.1 1.0 ns 12.4

+GRADE -0.1 ns 10.5 1.0 ns 12.8

B. ApoB/apoAI ratio

%change per 
level

p value R2 %change per 
level

p value RZ

AGE 1.5 ns 1.5 1.5 ns 6.1

+BMI 1.3 ns 11.8 1.6 ns 16.1

+SM0K1NG 0.9 ns 12.8 0.5 ns 20.1

+ALCOHOL 0.8 ns 14.4 0.9 ns 23.3

+EXERC1SE 0.1 ns 15.4 0.5 ns 23.8

+DIET -0.1 ns 15.6 0.1 ns 24.2

+SYMPTONS -0.1 ns 15.8 0.2 ns 24.1

+GRADE -0.1 ns 15.8 0.2 ns 24.2

C. Plasma fibrinogen

%change per 
level

p value R̂ %change per 
level

p value R̂

AGE 2.8 0.01 1.3 -0.4 ns 4.2

+BMI 2.5 0.02 3.3 -1.0 ns 10.9

+SMOKING 1.9 0.07 7.7 -1.3 ns 12.4

+ALCOHOL 1.9 0.06 8.6 -1.1 ns 14.3

+EXERCISE 1.9 0.02 8.8 -1.3 ns 15.0

+DIET 1.7 ns 9.0 -1.1 ns 15.1

+SYMPTONS 1.7 ns 9.0 -1.2 ns 15.2

+GRADE 1.6 ns 9.3 -1.2 ns 15.5
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Table 66 Lipid and haemostatic factors by level of financial problems (difficulty paying for
food and clothes). Adjusted for age and menopausal status.

Geometric means (95% confidence interval)

Men trend p Women trend p

Always

Often

Sometimes

Seldom

Always

Often

Sometimes

Seldom

Apolipoprotein Al mg/dl

144.7 (139.2-150.3) ***
67
142.5 (139.4-145.6)
204
145.8 (143.8-147.8)
522
149.3 (148.4-150.2)
2913

ApoB/ApoAl ratio

0.733 (0.685-0.784) **
67
0.736 (0.708-0.765)
204
0.713 (0.696-0.730)
522
0.695 (0.688-0.702)
2913

161.3 (150.4-172.9) 
21
160.7 (155.0-166.6) 
81
161.2 (157.5-164.9) 
233
166.6 (164.2-169.0) 
1240

0.595 (0.527-0.673) 
21
0.603 (0.566-0.643) 
81
0.595 (0.572-0.620) 
233
0.566 (0.522-0.581) 
1240

* *

Fibrinogen g/1

Always

Often

Sometimes

Seldom

2.75 (2.54-2.97) 
24
2.59 (2.46-2.73) 
57
2.68 (2.60-2.76) 
169
2.64 (2.62-2.67)
1352

ns 2.95 (2.62-3.32) 
11
2.73 (2.56-2.90) 
41
2.81 (2.71-2.92) 
110
2.83 (2.78-2.89) 
617

ns

*** p<0.0001 ;** p<0.005 ; * p<0.05; ns p>0.1
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Table 67 Lipid and haemostatic factors by level of problems paying bills. Adjusted for age
and menopausal status.

Geometric means (95% confidence interval) and sample numbers

Men trend p Women trend p

Very great 

Great 

Some 

Slight

Very great 

Great 

Some 

Slight

Apolipoprotein Al mg/dl

137.0 (129.0-145.4) ***
28
144.3 (140.1-148.7)
110
146.2 (144.5-147.9)
711
149.0 (148.1-149.9)
2977

ApoB/ApoAl ratio

0.809 (0.729-0.898) **
28
0.699 (0.663-0.737)
110
0.717 (0.702-0.732)
711
0.695 (0.688-0.702)
2977

163.4 (152.7-174.9) 
22
159.0 (151.1-167.4) 
39
162.5 (158.9-166.1) 
255
166.7 (164.5-169.0) 
1392

0.539 (0.478-0.608) 
22
0.623 (0.569-0.682) 
39
0.592 (0.569-0.615) 
255
0.569 (0.555-0.582) 
1392

0.1

Fibrinogen g/1

Very great 

Great 

Some 

Slight

2.69 (2.38-3.04) 
10
2.65 (2.47-2.84) 
31
2.66 (2.60-2.72) 
270
2.65 (2.62-2.68) 
1345

ns 2.64 (2.33-3.01) 
9
2.96 (2.73-3.20) 
24
2.80 (2.70-2.90) 
125
2.84 (2.79-2.89) 
704

ns

*** p<0.0001 ;** p<0.(X)5 ; * p<0.05; ns p>0.1
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Table 68 Regression models for the association between financial problems (difficulty paying
for food and clothes) and 3 risk factors

MEN WOMEN
A. Apolipoproteln AI

%change per 
level

p value r2 %change per 
level

p value R2

AGE -2.1 0.0001 0.6 -2.2 0.003 1.7

+BMI -2.0 0.0001 2.2 -1.8 0.01 4.9

+SMOKING -1.8 0.0001 3.0 -1.5 0.04 7.7

+ALCOHOL -1.4 0.001 9.1 -1.3 0.08 11.8

4-EXERCISE -1.3 0.003 9.9 -1.2 0.09 12.6

4-DIET -1.3 0.004 10.1 -1.2 ns 12.7

4-SYMPTONS -1.2 0.009 10.1 -1.2 ns 12.7

4-GRADE -0.9 0.04 10.3 -0.9 ns 12.9

3. ApoB/apoAI ratio

%change per 
level

p value R: %change per 
level

p value R2

AGE 2.9 0.0003 1.8 3.2 0.02 6.6

4-BMI 2.2 0.003 11.7 2.0 ns 16.2

-^SMOKING 1.9 0.01 12.7 1.2 ns 20.9

4-ALCOHOL 1.5 0.04 14.2 0.9 ns 24.0

4-EXERCISE 1.3 0.09 15.3 0.8 ns 24.5

-hDIET 1.1 ns 15.4 0.7 ns 24.9

4-SYMPTOMS 1.0 ns 15.6 0.7 ns 24.8

4-GRADE 1.1 ns 15.7 0.6 ns 24.8

C. Plasma fibrinogen

%change per 
level

p value R̂ %change per 
level

p value R:

AGE 0 ns 0.8 -0.4 ns 3.7

4-BMI -0.1 ns 2.9 -1.4 ns 10.0

-hSMOKlNG -0.4 ns 7.1 -1.7 ns 11.9

4-ALCOHOL -0.5 ns 8.0 -1.8 ns 14.0

4-EXERCISE -0.4 ns 8.2 -1.7 ns 14.6

4-DIET -0.6 ns 8.4 -1.7 ns 15.0

4-SYMPTOMS -0.6 ns 8.6 -1.9 ns 14.9

+GRADE -0.9 ns 8.8 -2.2 0.09 15.2
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Table 69 Regression models for the association
and 3 risk factors.

MEN
A. Apolipoprotein AI

between financial problems (payment of bills)

WOMEN

%change per 
level

p value %change per 
level

p value

AGE -1.8 0.0004 0.4 -2.0 0.02 1.4

+BMI -1.6 0.002 1.9 -1.5 0.06 4.7

+SMOKING -1.5 0.0G4 2.7 -1.1 ns 7.6

+ALCOHOL -1.4 0.006 9.2 -1.1 ns 11.8

+EXERCISE -1.3 0.009 10.0 -1.1 ns 12.4

+DIET -1.2 0.01 10.2 -1.0 ns 12.5

+SYMPTOMS -1.1 0.03 10.2 -1.0 ns 12.6

+GRADE -0.9 0.07 10.5 -0.8 ns 12.9

B. ApoB/apoAI ratio

%change per 
level

p va

AGE 2.3 0.01

+BMI 1.2 ns

+SMOK1NG 0.9 ns

+ALCOHOL 0.8 ns

+EXERC1SE 0.6 ns

+D1ET 0.5 ns

+SYMPTOMS 0.4 ns

4-GRADE 0.4 ns

R: %change per 
level

p value R:

1.6 2.4 ns 6.2

11.5 0.8 ns 16.1

12.6 0 ns 20.2

14.3 -0.2 ns 23.4

15.4 -0.1 ns 24.0

15.5 -0.2 ns 24.4

15.8 -0.3 ns 24.3

15.8 -0.4 ns 24.4

C. Plasma fibrinogen

%change per 
level

p value r2 %change per 
level

p value R2

AGE 0 ns 0.8 -0.8 ns 4.2

+BMI -0.4 ns 2.8 -2.1 ns 10.5

4-SMOKING -0.5 ns 7.2 -2.4 0.08 12.2

4-ALCOHOL -0.5 ns 8.1 -2.3 0.09 14.0

4-EXERCISE -0.6 ns 8.3 -2.4 0.08 14.8

4-DIET -0.7 ns 8.5 -2.3 0.09 14.9

4-SYMPTOMS -0.6 ns 8.7 -2.6 0.06 15.01

4-GRADE -0.8 ns 9.0 -2.7 0.05 15.3
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Table 70 Lipid and haemostatic factors by upset response score stratified by life events
score. Adjusted for age and menopausal status. Geometric means (95% confidence interval)

Events Upset Men trend p Women trend p

Apolipoprotein AI mg/dl

None 0 149.1 (147.8-150.3) 166.6 (163.7-169.6)

1 0 146.1 (143.7-148.6) ns 169.6 (164.3-175.1) ns
1 148.4 (146.6-150.2) 167.8 (163.9-171.8)
2 147.4 (145.3-149.6) 167.4 (164.0-170.8)

Interaction P 0.01 0.02

2+ 0 147.9 (146.0-149.9) * 166.0 (162.9-169.2) ns
1 145.0 (142.5-147.5) 167.0 (163.1-171.1)
2 146.1 (144.3-148.0) 161.9 (158.7-165.2)

ApoB/ApoAl ratio

None 0 0.691 (0.681-0.701) 0.565 (0.548-0.582)

1 0 0.719 (0.698-0.740) ns 0.556 (0.526-0.588) ns
1 0.696 (0.681-0.711) 0.561 (0.538-0.584)
2 0.709 (0.691-0.727) 0.566 (0.546-0.587)

Interaction P ns 0.003

2+ 0 0.702 (0.686-0.718) ns 0.564 (0.546-0.583) *

1 0.705 (0.684-0.726) 0.566 (0.543-0.590)
2 0.709 (0.694-0.725) 0.599 (0.578-0.620)

Fibrinogen g/1

None 0 2.64 (2.59 -2.68) 2.83 (2.75-2.91)

1 0 2.70 (2.62-2.78) ns 2.70 (2.55-2.86) ns
1 2.63 (2.57-2.69) 2.90 (2.78-3.02)
2 2.60 (2.53-2.68) 2.74 (2.65-2.83)

Interaction p ns 0.09

2+ 0 2.64 (2.58-2.71) ns 2.90 (2.81-2.99) ns
1 2.60 (2.51-2.69) 2.70 (2.59-2.83)
2 2.64 (2.58-2.70) 2.79 (2.70-2.88)

Interaction p: significance level of test for difference in trends between events levels 1 and 2+
* p<0.05
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Table 71 Lipid and haemostatic factors according to report of bereavement. Adjusted for
age and menopausal status

Geometric means (95% confidence interval)

Report of bereavement 

Men diff p Women diff p

Apolipoprotein AI mg/dl

No 148.3 (147.5-149.1) ** 167.0 (164.9-169.1) ns
3390 1444

Yes 145.9 (144.6-147.3) 165.4 (162.8-168.0)
1156 648

ApoB/ApoAl ratio

No 0.696 (0.690-0.703) ** 0.562 (0.550-0.575)
3390 1444

Yes 0.717 (0.706-0.729) 0.583 (0.567-0.599)
1196 648

Fibrinogen g/1

No 2.64 (2.61-2.67) ns 2.79 (2.75 -2.84) ns
1306 670

Yes 2.64 (2.60-2.69) 2.83 (2.77-2.90)
540 322

* p<0.05; ** p<0.005; ns p>0.1
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Table 72 Regression models for the association between recent bereavement and 3 risk
factors

MEN WOMEN
A. Apolipoprotein AI

%change per p value 
level

AGE -1.1 0.06

+BMI -1.0 ns

+SMOKING -1.0 ns

+ALCOHOL -0.8 ns

4-EXERCISE -0.9 ns

4-DIET -0.9 ns

4-SYMPTOMS -0.8 ns

4-GRADE -0.8 ns

3. ApoB/apoAI ratio

%change per 
level

p va]

AGE 1.8 0.01

4-BMI 1.1 ns

4-SMOKING 1.0 ns

-h ALCOHOL 0.9 ns

4-EXERCISE 1.1 ns

-kDIET 1.1 ns

4-SYMPTOMS 1.0 ns

4-GRADE 1.1 ns

C. Plasma fibrinogen

%change per 
level

P'

AGE -0.2 ns

4-BMI -0.3 ns

4-SMOKING -0.4 ns

4-ALCOHOL -0.5 ns

4-EXERCISE -0.4 ns

4-DIET -0.5 ns

4-SYMPTOMS -0.4 ns

4-GRADE -0.4 ns

r 2 %change per 
level

p value

0.1 -1.6 0.07 1.2

1.7 -1.2 ns 4.6

2.6 -1.0 ns 7.5

9.0 -0.8 ns 11.7

9.8 -0.8 ns 12.3

10.1 -0.7 ns 12.4

10.1 -0.6 ns 12.4

10.5 -0.5 ns 12.7

Rz %change per 
level

p value R:

1.4 4.1 0.01 6.4

11.6 2.3 0.08 16.1

12.8 2.3 ns 20.1

14.4 1.9 ns 23.3

15.6 1.9 ns 23.8

15.7 1.8 ns 24.2

16.0 1.7 ns 24.1

16.0 1.6 ns 24.1

R̂ %change per 
level

p value R̂

0.8 1.1 ns 4.3

2.8 1.2 ns 10.6

7.2 1.2 ns 12.4

8.2 1.1 ns 14.2

8.4 1.2 ns 15.0

8.6 1.3 ns 15.1

8.8 1.2 ns 15.2

9.1 1.1 ns 15.4
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Table 73 Lipid and haemostatic factors according to report of divorce. Adjusted for age
and menopausal status

Geometric means (95% confidence interval)

Report of divorce 

Men diff p Women diff p

Apolipoprotein AI mg/dl

No 147.5 (146.8-148.2) * 166.4 (164.4-168.4) ns
4260 1894

Yes 150.4 (147.6-153.2) 167.0 (163.0-171.1)
287 205

ApoB/ApoAl ratio

No 0.703 (0.697-0.709) ns 0.569 (0.557-0.581) ns
4260 1894

Yes 0.684 (0.662-0.707) 0.561 (0.538-0.586)
287 205

Fibrinogen g/1

No 2.64 (2.62-2.67) ns 2.83 (2.78-2.87) **
1754 927

Yes 2.60 (2.49-2.71) 2.62 (2.50-2.75)
92 74

p<0.05; ** p<0.005; ns p>0.1
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Table 74 Lipid and haemostatic factors by level of work pace. Adjusted for age and
menopausal status.

Geometric means (95% confidence interval) and sample numbers

Men trend p Women trend p

Apolipoprotein AI mg/dl

Low 147.0 (145.7-148.3)
1250

Medium 147.3 (146.2-148.5)
1706

High 148.7 (147.5-149.9)
1623

165.7 (163.3-168.2) 
757
167.1 (164.7-169.6) 
751
166.0 (163.4-168.7) 
598

ns

ApoB/ApoAl ratio

Low 0.699 (0.688-0.710)
1250

Medium 0.704 (0.695-0.713)
1706

High 0.700 (0.690-0.709)
1623

ns 0.574 (0.559-0.589) 
757
0.566 (0.551-0.581) 
751
0.567 (0.551-0.583) 
598

ns

Fibrinogen g/1

Low

Medium

High

2.69 (2.64-2.73) 
513
2.63 (2.59-2.67) 
677
2.61 (2.58-2.65) 
665

2.83 (2.76-2.89) 
363
2.81 (2.75-2.87) 
367
2.79 (2.72-2.86) 
276

ns

* p<0.05; ns p>0.1
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Table 75 Regression models of risk factors on work

MEN
A. Apolipoprotein AI

characteristics: pace 

WOMEN

%change per 
level

p value R̂ %change per 
level

p value R̂

AGE 0.77 0.02 0.2 0.18 0.74 1.2

+BMI 0.80 0.02 1.9 0.31 0.55 4.4

+SMOKING 0.83 0.01 2.7 0.16 0.75 7.4

+ALCOHOL 0.70 0.03 9.1 -0.22 0.66 11.6

+EXERCISE 0.66 0.04 9.9 -0.24 0.64 11.6

+DIET 0.63 0.04 10.0 -0.27 0.59 11.7

+SYMPTOMS 0.67 0.03 10.2 -0.23 0.64 11.8

+GRADE 0.29 0.38 10.5 -0.61 0.24 12.1

B. ApoB/apoAI ratio

%change per 
level

p value R2 %change per 
level

p value R:

AGE 0.60 0.30 1.4 -0.46 0.62 6.0

+BMI 0.46 0.41 11.5 -0.89 0.32 16.0

+SMOKING 0.42 0.45 12.7 -0.56 0.52 20.2

+ALCOHOL 0.53 0.33 14.3 0.05 0.95 23.3

+EXERCISE 0.62 0.25 15.3 0.23 0.79 23.7

+DIET 0.69 0.20 15.5 0.32 0.71 23.9

+SYMPTOMS 0.64 0.24 15.6 0.30 0.73 23.9

+GRADE 0.55 0.34 15.6 0.45 0.61 23.9

C. Plasma fibrinogen

%change per 
level

p value R̂ %change per 
level

p value R:

AGE -1.19 0.06 1.1 0.55 0.54 4.3

+BMI -1.03 0.10 3.0 0.49 0.57 10.2

4-SMOKING -0.84 0.17 7.3 0.63 0.46 11.9

4-ALCOHOL -0.82 0.18 8.3 1.15 0.18 13.9

4-EXERCISE -0.81 0.19 8.3 1.29 0.14 14.1

4-DIET -0.75 0.22 8.5 1.28 0.14 14.1

4-SYMPTOMS -0.75 0.22 8.5 1.24 0.15 14.2

4-GRADE -0.41 0.53 8.7 1.82 0.04 14.7
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Table 76 Lipid and haemostatic factors by level of job control. Adjusted for age and
menopausal status.

Geometric means (95% confidence interval) and sample numbers

Men trend p Women trend p

Apolipoprotein AI mg/dl

Low 147.0 (145.6-148.4)
1064

Medium 148.5 (147.3-149.6)
1654

High 147.4 (146.4-148.5)
1862

ns 165.2 (162.9-167.5) 
988
167.1 (164.5-169.7) 
648
168.2 (165.3-171.2) 
469

ApoB/ApoAl ratio

Low 0.707 (0.695-0.719)
1064

Medium 0.697 (0.687-0.706)
1654

High 0.701 (0.692-0.710)
1862

ns 0.577 (0.563-0.591) 
988
0.566 (0.551-0.581) 
648
0.550 (0.533-0.567) 
469

Fibrinogen g/1

Low

Medium

High

2.71 (2.66-2.76) 
433
2.63 (2.58-2.67) 
635
2.61 (2.58-2.65)
783

** 2.83 (2.78-2.89) 
516
2.81 (2.74-2.88) 
281
2.76 (2.68-2.84)
207

ns

** p<0.005 ; * p<0.05; ns p>0.1
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Table 77 Regression models of risk factors on work

MEN
A. Apolipoprotein AI

characteristics: job control

WOMEN

% change 
per level

p value %change 
per level

p value R:

AGE -0.09 0.80 0 1.18 0.03 1.14

+BMI -0.11 0.75 1.7 1.15 0.03 4.7

+SMOKING -0.25 0.45 2.5 1.02 0.04 7.6

+ALCOHOL -0.43 0.19 9.0 0.46 0.37 11.6

+EXERCISE -0.61 0.06 9.9 0.45 0.38 11.6

+DIET -0.64 0.05 9.9 0.41 0.42 11.7

+SYMPTOMS -0.71 0.03 10.2 0.38 0.45 11.8

+GRADE -1.38 0.0001 10.9 -0.11 0.84 12.1

B. ApoB/apoAI ratio

%change per 
level

p value R: %change 
per level

p value R:

AGE -0.10 0.87 1.4 -2.59 0.006 6.5

+BMI 0 0.99 11.5 -2.49 0.006 16.4

+SMOKING 0.26 0.65 12.7 -2.23 0.01 20.5

+ALCOHOL 0.41 0.46 14.3 -1.32 0.13 23.5

+EXERCISE 0.76 0.17 15.3 -1.23 0.16 23.8

+DIET 0.86 0.13 15.4 -1.12 0.20 24.0

4-SYMPTOMS 0.95 0.09 15.6 -1.10 0.21 24.0

4-GRADE 0.91 0.13 15.6 -1.07 0.25 24.0

C. Plasma fibrinogen

%change per 
level

p value %change per 
level

p value R̂

AGE -1.97 0.002 1.5 0.30 0.74 4.2

4-BMI -1.82 0.004 3.4 0.51 0.56 10.2

4-SMOKING -1.33 0.03 7.5 0.51 0.56 11.9

4-ALCOHOL -1.21 0.05 8.4 1.03 0.24 13.8

4-EXERCISE -1.18 0.06 8.4 1.04 0.24 13.9

4-DIET -1.11 0.07 8.6 1.02 0.25 14.0

4-SYMPTOMS -1.07 0.09 8.6 1.09 0.22 14.1

4-GRADE -0.71 0.29 8.7 1.85 0.05 14.7
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Table 78 Lipid and haemostatic factors by level of variety and skill use. Adjusted for age
and menopausal status.

Geometric means (95% confidence interval) and sample numbers

Men trend p Women trend p

Apolipoprotein AI mg/dl

Low 147.1 (145.7-148.4)
1156

Medium 146.8 (145.6-148.0)
1533

High 148.9 (147.8-150.0)
1892

164.6 (162.4-166.8) 
1061
166.9 (164.2-169.5) 
603
170.2 (167.1-173.2) 
444

ApoB/ApoAl ratio

Low 0.706 (0.694-0.717)
1156

Medium 0.703 (0.694-0.713)
1533

High 0.697 (0.688-0.706)
1892

ns 0.578 (0.564-0.5 92) 
1061
0.570 (0.555-0.586) 
603
0.541 (0.524-0.558) 
444

***

Fibrinogen g/1

Low

Medium

High

2.70 (2.65-2.75) 
460
2.62 (2.58-2.67) 
587
2.62 (2.59-2.66) 
806

2.85 (2.80-2.91) 
577
2.79 (2.72-2.87) 
266
2.70 (2.61-2.78) 
164

**

*** p<0.0001 ;** p<0.005 ; * p<0.05; ns p>0.1
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Table 79 Regression models of risk factors on work characteristics: variety and skill use

MEN
A. Apolipoprotein AI

%change per 
level

p va]

AGE 0.77 0.02

+BMI 0.80 0.02

+SMOKING 0.65 0.05

+ALCOHOL 0.42 0.19

+EXERCISE 0.30 0.34

+DIET 0.26 0.42

+SYMPTOMS 0.19 0.55

+GRADE -0.50 0.17

WOMEN

%change per 
level

p value R"

0.2 2.20 0.0001 2.1

1.9 2.23 0.0001 5.5

2.7 1.95 0.0002 8.3

9.1 1.23 0.02 12.0

9.9 1.23 0.02 12.0

9.9 1.17 0.03 12.0

10.1 1.14 0.03 12.1

10.5 0.66 0.27 12.2

B. ApoB/apoAI ratio

%change per 
level

p value R2 %change per 
level

p value R:

AGE -0.83 0.16 1.5 -2.84 0.003 6.5

+BMI -0.95 0.09 11.6 -2.93 0.001 16.5

4-SMOKING -0.64 0.25 12.7 -2.31 0.009 20.5

4-ALCOHOL -0.44 0.42 14.3 -1.12 0.21 23.5

-^EXERCISE -0.22 0.69 15.3 -1.04 0.24 23.8

4-DIET -0.07 0.90 15.4 -0.83 0.36 24.0

4-SYMPTOMS 0.03 0.96 15.6 -0.81 0.37 24.0

+GRADE -0.26 0.68 15.6 -0.73 0.47 24.0

C. Plasma fibrinogen

%change per 
level

p value %change per 
level

p value R2

AGE -1.67 0.008 1.3 -1.22 0.21 4.4

4-BMI -1.62 0.009 3.3 -1.29 0.17 10.4

4-SMOKING -1.21 0.04 7.5 -0.84 0.37 11.9

4-ALCOHOL -1.11 0.07 8.4 -0.13 0.89 13.7

4-EXERCISE -1.07 0.08 8.4 -0.05 0.96 13.8

4-DIET -0.99 0.11 8.5 -0.14 0.89 13.8

4-SYMPTOMS -0.97 0.12 8.6 -0.08 0.93 14.0

4-GRADE -0.55 0.42 8.7 1.03 0.37 14.4
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Table 80 Lipid and haemostatic factors by level of conflicting demands at work. Adjusted
for age and menopausal status.

Geometric means (95% confidence interval) and sample numbers

ns p>0.1

Men trend p Women trend p

Low

Medium

High

Apolipoprotein AI mg/dl

147.8 (146.2-149.3) 
907
147.8 (146.8-148.8) 
2153
147.5 (146.3-148.7) 
1526

ns 165.3 (162.9-167.7) ns 
808
167.7 (165.3-170.1)
859
166.1 (163.2-169.1)
441

Low

Medium

High

ApoB/ApoAl ratio

0.697 (0.684-0.710) 
907
0.701 (0.693-0.710) 
2153
0.704 (0.694-0.714) 
1526

ns 0.579 (0.564-0.594) 0.08
808
0.559 (0.545-0.574)
859
0.565 (0.548-0.583)
441

Low

Medium

High

Fibrinogen g/1

2.66 (2.61-2.72) 
421
2.63 (2.59-2.66) 
835
2.65 (2.60-2.69) 
597

ns 2.83 (2.77-2.89) ns 
448
2.82 (2.76-2.88)
362
2.76 (2.68-2.85)
193

212



Table 81 Regression models of risk factors on work characteristics: conflicting demands at 
work

MEN WOMEN
A. Apolipoprotein AI

%change per 
level

p va]

AGE -0.14 0.70

+BMI -0.20 0.59

4-SMOKING -0.14 0.70

4-ALCOHOL -0.21 0.55

+EXERCISE -0.31 0.38

4-DIET -0.32 0.37

4-SYMPTOMS -0.24 0.50

4-GRADE -0.48 0.18

%change per 
level

p value R2

0 0.54 0.34 1.2

1.7 0.52 0.34 4.5

2.5 0.53 0.33 7.6

9.0 0.08 0.89 11.7

9.8 0.06 0.91 11.7

9.8 0.02 0.98 11.8

10.1 0.06 0.91 11.9

10.5 -0.03 0.56 12.2

B. ApoB/apoAI ratio

%change per 
level

p value R: %change per 
level

p value R:

AGE 1.02 0.12 1.5 -2.11 0.03 6.3

-hBMI 1.28 0.04 11.6 -2.07 0.03 16.4

4-SMOKING 1.13 0.07 12.7 -2.06 0.02 20.7

4-ALCOHOL 1.19 0.04 14.4 -1.35 0.13 23.8

4-EXERCISE 1.38 0.02 15.4 -1.16 0.20 24.1

4-DIET 1.41 0.02 15.6 -1.03 0.26 24.4

4-SYMPTOMS 1.30 0.03 15.7 -1.07 0.24 24.4

4-GRADE 1.25 0.04 15.7 -1.04 0.27 24.4

C. Plasma fibrinogen

%change per 
level

p vaï

AGE -0.28 0.68

4-BMI -0.18 0.79

4-SMOKING -0.21 0.75

4-ALCOHOL -0.24 0.72

4-EXERCISE -0.20 0.76

4-DIET -0.20 0.76

4-SYMPTOMS -0.23 0.73

4-GRADE -0.01 0.99

2 %change per 
level

p value R:

0.85 0.05 0.95 4.1

2.8 0.19 0.84 10.2

7.2 -0.02 0.99 11.8

8.2 0.56 0.54 13.7

8.2 0.59 0.52 13.9

8.4 0.54 0.56 13.9

8.4 0.41 0.66 14.0

8.7 0.94 0.34 14.4
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Table 82 Lipid and haemostatic factors by level of support at work. Adjusted for age and
menopausal status.

Geometric means (95% confidence interval) and sample numbers

Men trend p Women trend p

Low

Medium

High

Apolipoprotein AI mg/dl

146.5 (145.3-147.7) 
1523
147.7 (146.5-148.9) 
1543
149.0 (147.8-150.2) 
1515

166.9 (164.4-169.4) 0.09
764
167.3 (164.7-169.9)
632
164.5 (162.0-167.0)
706

ApoB/ApoAl ratio

Low

Medium

High

Low

Medium

High

0.710 (0.700-0.721) 
1523
0.703 (0.693-0.713) 
1543
0.690 (0.680-0.700) 
1515

Fibrinogen g/1

2.64 (2.60-2.69)
588
2.66 (2.62-2.70)
668
2.61 (2.57-2.65)
595

ns

0.566 (0.552-0.581) ns 
764
0.568 (0.553-0.584)
632
0.575 (0.560-0.591)
706

2.78 (2.72-2.85) ns 
388
2.80 (2.73-2.87)
280
2.84 (2.78-2.91)
331

** p<0.(X)5; ns p>0.1
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Table 83 Regression models of risk factors on work

MEN
A. Apolipoprotein AI

characteristics: support at work

WOMEN

%change 
per level

p value R“ %change 
per level

p value r 2

AGE 0.84 0.009 0.2 -0.66 0.18 1.2

+BMI 0.71 0.03 1.8 -0.78 0.11 4.6

+SMOKING 0.75 0.02 2.7 -0.58 0.23 7.6

+ALCOHOL 0.56 0.07 9.1 -0.51 0.28 11.8

+EXERCISE 0.51 0.10 9.9 -0.51 0.28 11.8

+DIET 0.49 O.Il 9.9 -0.49 0.30 11.9

+SYMPTOMS 0.18 0.18 10.1 -0.54 0.26 12.0

+GRADE 0.25 0.25 10.5 -0.56 0.24 12.3

3. ApoB/apoAI ratio

%change per p value 
level

R: %change 
per level

p value R2

AGE -1.55 0.006 1.6 1.22 0.17 6.0

+BMI -0.93 0.08 11.6 1.59 0.06 16.3

+SMOKING -1.03 0.055 12.8 1.15 0.16 20.5

+ALCOHOL -0.85 0.11 14.4 1.04 0.20 23.7

4-EXERCISE -0.75 0.15 15.4 1.00 0.21 24.1

4-DIET -0.70 0.18 15.5 0.95 0.24 24.3

4-SYMPTOMS -0.59 0.27 15.6 0.98 0.22 24.3

+GRADE -0.61 0.25 15.7 0.99 0.22 24.3

Z. Plasma fibrinogen

%change per 
level

p value R2 %change per p value 
level

R̂

AGE -0.33 0.60 0.9 1.23 0.14 4.5

4-BMI -0.14 0.82 2.9 1.20 0.14 10.5

4-SMOKING -0.31 0.62 7.3 0.99 0.22 12.0

4-ALCOHOL -0.21 0.73 8.2 0.79 0.32 13.9

4-EXERCISE -0.17 0.78 8.2 0.79 0.32 14.0

4-DIET -0.10 0.86 8.4 0.81 0.31 14.0

4-SYMPTOMS -0.08 0.90 8.4 0.89 0.27 14.2

+GRADE -0.02 0.97 8.7 0.89 0.27 14.5
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Table 84 Lipid and haemostatic factors by level of job importance. Adjusted for age and
menopausal status.

Geometric means (95% confidence interval) and sample numbers

Men trend p Women trend p

Apolipoprotein AI mg/dl

Low 148.4 (147.0-149.9)
1018

Medium 147.8 (146.7-148.9)
1836

High 147.2 (146.1-148.3)
1727

ns 167.8 (165.2-170.4) 
652
168.3 (165.8-170.8) 
779
162.7 (160.2-165.2) 
679

ApoB/ApoAl ratio

Low 0.697 (0.685-0.709)
1018

Medium 0.700 (0.691 -0.709)
1836

High 0.705 (0.696-0.715)
1727

ns 0.559 (0.544-0.574) 
652
0.563 (0.549-0.578) 
779
0.586 (0.570-0.601) 
679

**

Low

Medium

High

Fibrinogen g/1

2.68 (2.62-2.73) 
394
2.63 (2.59-2.67) 
712
2.64 (2.60-2.67) 
745

ns 2.81 (2.74-2.88) 
308
2.78 (2.72-2.84) 
360
2.85 (2.79-2.92) 
338

ns

** p<0.005 ; ns p>0.1
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Table 85 Regression models of risk factors on

MEN
A. Apolipoprotein AI

work characteristics: job importance

WOMEN

%change 
per level

p value %change 
per level

p value R2

AGE -0.30 0.38 O.I -1.35 0.01 1.5

+BMI -0.22 0.52 1.7 -1.08 0.04 4.8

+SMOKING -0.15 0.66 2.5 -0.82 0.11 7.7

+ALCOHOL -0.18 0.59 9.0 -0.66 0.18 11.9

+EXERCISE -0.25 0.45 9.8 -0.67 0.18 11.9

+DIET -0.28 0.40 9.8 -0.64 0.20 12.0

4-SYMPTOMS -0.32 0.34 10.1 -0.68 0.17 12.0

-kGRADE -0.48 0.15 10.5 -0.76 0.13 12.4

3. ApoB/apoAI ratio

%change per 
level

p value R: %change per 
level

p value R2

AGE 0.47 0.44 1.4 2.89 0.002 6.7

4-BMI O.II 0.84 11.5 2.06 0.02 16.5

4-SMOKING -0.06 0.92 12.6 1.49 0.08 20.6

4-ALCOHOL -0.04 0.95 14.3 1.25 0.14 23.9

4-EXERCISE O.II 0.85 15.2 1.29 0.13 24.2

4-DIET 0.18 0.75 15.4 1.20 0.16 24.5

4-SYMPTOMS 0.24 0.67 15.5 1.24 0.14 24.5

4-GRADE 0.19 0.74 15.6 1.26 0.14 24.5

C. Plasma fibrinogen

% change per 
level

p value R̂ %change per 
level

p value R:

AGE -0.57 0.38 0.9 0.61 0.49 4.3

4-BMI -0.63 0.33 2.9 0.26 0.76 10.3

4-SMOKING -0.81 0.20 7.3 0.09 0.92 11.9

4-ALCOHOL -0.69 0.27 8.2 0.05 0.95 13.8

4-EXERCISE -0.67 0.29 8.3 0.07 0.93 13.9

4-DIET -0.66 0.30 8.5 0.08 0.93 14.0

4-SYMPTOMS -0.63 0.32 8.5 0.15 0.86 14.1

4-GRADE -0.53 0.40 8.7 0.23 0.78 14.4
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Table 86 Lipid and haemostatic factors by level of job satisfaction. Adjusted for age and
menopausal status.

Geometric means (95% confidence interval) and sample numbers

ns p>0.1

Men trend p Women trend p

Apolipoprotein AI mg/dl

Low 147.2 (146.1-148.3)
1721

Medium 148.1 (146.7-149.4)
1170

High 148.1 (146.9-149.2)
1692

ns 166.2 (163.6-168.9)ns 
622
166.9 (164.1-169.7) 
515
166.0 (163.7-168.3) 
968

Low 0.708 (0.699-0.718)
1721

Medium 0.694 (0.683-0.705)
1170

High 0.699 (0.690-0.708)
1692

ApoB/ApoAl ratio 

ns 0.569 (0.554-0.585)ns 
622
0.560 (0.544-0.577) 
515
0.574 (0.560-0.588) 
968

Low 2.67 (2.63-2.71)
610

Medium 2.63 (2.58-2.68)
462

High 2.62 (2.59-2.66)
780

Fibrinogen g/1 

ns 2.81 (2.74-2.88) ns 
280
2.76 (2.69-2.84)
245
2.83 (2.78-2.89)
474
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Table 87 Regression models of risk factors on

MEN
A. Apolipoprotein AI

work characteristics: job satisfaction

WOMEN

%change 
per level

p value R2 %change 
per level

p value R̂

AGE 0.12 0.70 0.0 -0.07 0.88 1.1

+BMI 0.03 0.92 1.7 0.03 0.96 4.7

+SMOKING -0.04 0.90 2.6 0.11 0.81 7.9

+ALCOHOL 0.13 0.67 9.1 0.31 0.50 12.2

+EXERCISE 0.13 0.67 9.9 0.33 0.47 12.2

+DIET 0.12 0.69 9.9 0.35 0.44 12.3

4-SYMPTOMS 0.02 0.94 10.2 0.29 0.54 12.3

-kGRADE -0.22 0.46 10.5 0.29 0.53 12.7

B. ApoB/apoAI ratio

%change per 
level

p value R: %change 
per level

p value R2

AGE -0.79 0.14 1.5 0.86 0.32 6.0

4-BMI -0.41 0.42 11.5 0.55 0.50 16.4

4-SMOKING -0.25 0.62 12.7 0.35 0.66 20.8

4-ALCOHOL -0.40 0.43 14.4 0.03 0.97 24.1

-^EXERCISE -0.40 0.43 15.4 -0.15 0.85 24.5

4-DIET -0.38 0.45 15.5 -0.23 0.77 24.7

-kSYMPTOMS -0.24 0.64 15.6 -0.18 0.82 24.7

4-GRADE -0.34 0.50 15.7 -0.18 0.82 24.7

C. Plasma fibrinogen

%change per 
level

p value R̂ %change per 
level

p value R2

AGE -1.32 0.02 1.2 0.72 0.38 4.4

4-BMI -1.26 0.03 3.1 0.61 0.45 10.9

4-SMOKING -1.09 0.054 7.4 0.59 0.45 12.6

4-ALCOHOL -1.11 0.049 8.4 0.53 0.50 14.5

4-EXERCISE -1.09 0.053 8.4 0.49 0.53 14.6

4-DIET -1.07 0.057 8.6 0.53 0.50 14.7

4-SYMPTOMS -1.04 0.07 8.6 0.66 0.41 14.8

4-GRADE -0.86 0.13 8.8 0.67 0.40 15.1
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Table 88 Summary results 1: Non-occupational psychosocial factors

+ (-): trend consistent with hypotheses 1 or 2 (or not consistent) 
0: parameter <0.5% per level

ApoAI ApoB/AI Fibrinogen

SOCIAL SUPPORTS

Confiding/emotional Men ^ 3(e % + ns 0 ns
Women 0 ns 0 ns _  **

Practical Men + * + ns 0 ns
Women 0 ns - ns _  *

Negative Men 0 ns 0 ns 0 ns
Women 0 ns 0 ns 0 ns

AFFECT

Affect Bal.Score Men + ns 0 ns + *

PERSONALITY TRAITS

Women + ns 0 ns - ns

Type A
AGE Men - ns 0 ns 0 ns
+ BMI and HRBs 0 ns + ns - ns
+ GRADE 0 ns + ns 0 ns

AGE Women .  ** _ *** - ns
+ BMI and HRBs - ns _  ** 0 ns
+ GRADE - ns _  ** 0 ns

Hostility
AGE Men 0 ns + ns + ns
+ BMI and HRBs 0 ns 0 ns + ns
+ GRADE 0 ns 0 ns 0 ns

AGE Women + ns + ns 0 ns
+ BMI and HRBs 0 ns - ns - ns
+ GRADE 0 ns - ns - ns

MENTAL HEALTH

GHQC caseness Men 0 ns - ns 0 ns
Women - ns _ * 0 ns
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Table 88 Summary results 1 continued: Non-occupational psychosocial factors

LIFE EVENTS
ApoAI ApoB/AI Fibrinogen

Bereavement
AGE
+ BMI and HRBs 
+ GRADE

Men + ns 
+ ns 
+ ns

+  * 
+ ns 
+ ns

0 ns 
0 ns 
0 ns

AGE
+ BMI and HRBs 
+ GRADE

Women + ns 
+ ns 
+ ns

+  * 

+ ns 
+ ns

+ ns 
+ ns 
+ ns

Divorce Men
Women

-  *

- ns
- ns
- ns

- ns 
_ **

COGNITIVE FACTORS

SWLS Men
Women

+ ns 
0 ns

+ ns 
0 ns

+  *  

- ns

Fatalism
AGE
+ BMI and HRBs 
+ GRADE

Men + ns 
0 ns 
0 ns

+ ns 
0 ns 
0 ns

+ * 
+ ns 
+ ns

AGE
+ BMI and HRBs 
+ GRADE

Women - ns
- ns
- ns

+ ns 
0 ns 
0 ns

0 ns
- ns
- ns

Financial probs 
AGE
+ BMI and HRBs 
+ GRADE

Men 5|e!jc% 

+  *

+  * * *  

+ ns 
+ ns

0 ns
- ns
- ns

AGE
+ BMI and HRBs 
+ GRADE

Women
+ ns 
+ ns

+  * 

+ ns 
+ ns

0 ns
- ns
- ns

Bill problems 
AGE
+ BMI and HRBs 
+ GRADE

Men ^  ^3(c:je

+  *

+ ns

+ * 
0 ns 
0 ns

0 ns
- ns
- ns

AGE
+ BMI and HRBs 
+ GRADE

Women + * 
+ ns 
+ ns

+ ns 
0 ns 
0 ns

ns
ns
*

p<0.05; ** p<0.005 ; *** p<0.0001; ns p>0.05
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Table 89 Summary results 2: Psychosocial characteristics of work

+ (-): trend consistent with hypotheses 1 or 2 (or not consistent)
0: parameter <0.5% per level

ApoAI ApoB/AI Fibrinogen

Work pace 
AGE
+ BMI and HRBs 
+ GRADE

Men .  *
_  *

0 ns

+ ns 
+ ns 
+ ns

- ns
- ns 
0 ns

AGE
+ BMI and HRBs 
+ GRADE

Women 0 ns 
0 ns 
+ ns

0 ns 
0 ns 
0 ns

+ ns 
+ ns 
+ *

Job control 
AGE
+ BMI and HRBs 
+ GRADE

Men 0 ns 
_ *
_  ***

0 ns
- ns
- ns

4- ns 
+ ns

AGE
+ BMI and HRBs 
+ GRADE

Women +  *  

0 ns 
- ns

+ * 
+ ns 
+ ns

0 ns
- ns 
_ *

Variety/skill use 
AGE
+ BMI and HRBs 
+ GRADE

Men + ♦ 
0 ns 
- ns

+ ns 
0 ns 
0 ns

+  * 
+ ns 
+ ns

AGE
+ BMI and HRBs 
+ GRADE

Women +  * * *  

+  *
+ ns

+ ** 
+ ns 
+ ns

+ ns 
0 ns 
- ns

Conflict, demands 
AGE
+ BMI and HRBs 
+ GRADE

Men 0 ns 
0 ns 
0 ns

+ ns 
+ * 
+  *

0 ns 
0 ns 
0 ns

AGE
+ BMI and HRBs 
+ GRADE

Women + ns 
0 ns 
0 ns

_ *
- ns
- ns

0 ns 
0 ns 
+ ns

Supports
AGE
+ BMI and HRBs 
+ GRADE

Men
0 ns 
0 ns

+ » 
+ ns 
+ ns

0 ns 
0 ns 
0 ns

AGE
+ BMI and HRBs 
+ GRADE

Women - ns
- ns
- ns

- ns
- ns
- ns

- ns
- ns
- ns
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Table 89 Summary results 2 continued: Psychosocial characteristics of work

ApoAI ApoB/AI Fibrinogen

Job importance
AGE Men 0 ns 0 ns + ns
+ BMI and HRBs 0 ns 0 ns + ns
+ GRADE 0 ns 0 ns + ns

AGE Women - * - ** - ns
+ BMI and HRBs - ns - ns 0 ns
+ GRADE - ns - ns 0 ns

Job satisfaction
AGE Men 0 ns + ns + *
+ BMI and HRBs 0 ns 0 ns + ns
+ GRADE 0 ns 0 ns + ns

AGE Women 0 ns - ns - ns
+ BMI and HRBs 0 ns 0 ns - ns
+ GRADE 0 ns 0 ns - ns

* p<0.05; ** p<0.005 ; *** p<0.0001; ns p>0.05
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CHAPTER 8. DISCUSSION

8.1 Main findings

The analyses presented here suggest that groups identified by lower occupational and 

socioeconomic status have progressively less favourable cardiovascular risk factor 

profiles, as assessed with serum TG, apolipoproteins AI and B, and plasma fibrinogen. 

Serum cholesterol showed no gradients according to the measures of social status in 

men, and only small inverse differentials amongst women, of 0.15 and 0.13 mmol/1 

respectively, in two cases - education level and housing tenure. The measurements on 

which these findings are based were performed on random non-fasting venous blood 

samples obtained from the 73% of individuals who responded to invitations to attend a 

workplace screening clinic.

If these risk factor-social status associations are the product of selection bias then it 

follows that the response would have tended to over-represent high social status/more 

desirable risk status persons, low social status/less desirable risk status persons, or 

both. Levels of health awareness which might make attendance at a screening clinic 

more likely may tend to increase as the social strata are ascended, however the size of 

the social gradients in the risk factors makes this explanation of the findings 

implausible.

Consideration of the non-fasting condition of respondents raises the possibility that 

systematic differences in post-prandial state may potentially account for the findings. 

Fibrinogen, which shows a social gradient, is not known to be responsive to food 

intake, whilst factor VIIc, which is raised after a fatty meal (Miller 1992a), shows 

marginal or no differences by grade of employment or other socioeconomic status 

measures. Of the lipids, TG are most likely to be elevated amongst those who have 

recently had a carbohydrate or fat load, yet only small proportions of men and women 

presented with levels above 4mmol/l (9% and 4% respectively).

The population of 6159 men and 2814 women used in this study were all employed in 

offices of the civil service in London in the period 1985-88. There is no claim that
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these individuals are representative of the entire working population, but equally no 

reason to believe that stepwise gradients in the risk factors concerned would not be 

found in a more occupationally complete study sample. Although the group, 

Caucasians aged 35-55 at the time of screening, was overwhelmingly made up of 

individuals who would be classified into non-manual social classes, salary differentials 

were large (Table 5) and work characteristics varied greatly across employment grades 

(Marmot et al 1991). The use of an office-based population without blue collar 

workers is therefore compensated for by the homogeneity of task and salary within 

civil service grades, and the heterogeneity between them. The first Whitehall study, 

which followed an older cohort of more than 18,000 men (Marmot et al 1978b), 

demonstrated that the civil service employment grade classification is a sensitive 

measure of socioeconomic status which delineates all-cause and CHD mortality 

differentials considerably better than Registrar General’s social class.

The men and women being studied appear to share good cardiovascular health, in 

comparison with the national sample of men examined in the British Regional Heart 

Study (Shaper et al 1984). Prevalent rates of probable ischaemia in Whitehall II from 

12 lead ECO recordings (Table 10) were 1.2% in men and 0.7% in women, and 2.5% 

in 45 year old men in the national sample. The difference between the figures for men 

is likely to be accounted for by several factors. Whitehall II subjects are all employed, 

and thus likely to exhibit lower morbidity (Blaxter 1987) and mortality (Beral et al 

1985) than the general population. ECGs were coded by the same computer-based 

system in both Whitehall II and British Regional Heart Study, but in the latter case 

’computer positives’ were not manually verified to exclude type I errors (Marmot et al 

1991). Further, lower prevalent rates of EGG abnormality would be expected amongst 

residents of SE England in view of the pronounced north-south gradient in CHD risk. 

During the early 1980s the risk of a major CHD event in men resident in the south 

was some 64% of the national average (Elford et al 1989). The rate of probable ECG 

abnormality in Whitehall II women is lower still than men, though they reported more 

angina (Marmot et al 1991). The inverse gradient in prevalent probable ECG 

ischaemia across employment grades is marginally significant in men, and clearer in 

women (Table 11). Self-report of diabetes, as expected, was more prevalent in
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clerical/support grades (Table 13). Use of drugs which might tend to obscure effects 

in this study was low (Table 14), with no women and 0.04% of men reporting current 

use of lipid-lowering drugs, whilst 0.15% of men and 0.04% of women said they were 

taking anti-coagulants.

8.2 Comparison of socioeconomic status measures 

The results of these analyses, which utilise 6 measures of socioeconomic status, 

indicate that the 6 level employment grade variable has the greatest power to stratify 

individuals in this population according to the criteria of the lipids, apoproteins and 

haemostatic factors being utilised as end-points in this study. Age and in women 

menopause adjusted differences across the spectrum of job grades from high to low 

status (Tables 52 and 53) were considerable in the case of TG (men: 23.8%, women: 

22.7%), and less with apoAI (men: -6.0%, women: -10.1%) and fibrinogen (men:

7.5%, women: 10.1%). There was a marked sex difference in the grade differential for 

the apoB/apoAI ratio (men: 4.3%, women: 15.7%).

It was seen in Section 2.4.4 that employment grade is powerful measure of 

socioeconomic status amongst men, but might be less so for women whose material 

and social position may be substantially modified as a result of the circumstances of 

the marriage or cohabitation partner (Goldblatt 1990). In these analyses Civil Service 

employment grade did prove to be a good discriminator of coronary risk status 

amongst women also (Table 47). There is little suggestion that non-occupational 

factors are more important for women than men in relation to risk factor status. When 

risk factor levels are cross-tabulated by father’s social class and grade of employment 

(Tables 44 and 45) differences according to class background are similar amongst 

women and men.

A source of variability which may have diminished grade effects is the variety of 

settings from which study participants are drawn. 20 Civil Service departments 

representing all forms of national administrative function are included in the survey, 

and it may be that department or site-related factors, such as smoking policies or 

cultures, alter grade-risk factor associations. No attempt has been made to take these
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factors into consideration in the analyses.

Employment grade is used here in two ways, with either three or six levels. In 

comparison with the 6 level measure, there is some loss of power with the 3 level 

employment grade variable, but the latter nevertheless in general identifies larger group 

differences than any other socioeconomic status measure alone. The broader 

classification is useful for stratified analyses, and the three categories of occupational 

status are crudely comparable to the Registrar General’s non-manual social classes.

The alternative six level classification provides a finer index of divisions in income, 

responsibility, skill utilisation and other characteristics, and is preferable when more 

precise information related to occupational status is required. The six level measure 

has, for example, been used throughout this report in analyses where employment 

grade is a control variable.

Alternative socioeconomic indicators such as availability of a car and housing tenure, 

used in the national decennial census, discriminate groups on the basis of 

biochemically indexed risk, but considerably less well than employment grade, with 

the exception of the difference in fibrinogen levels between male owner occupiers and 

council tenants, which is the same as that between clerical staff and top administrators

(0.26 g/1).

The social gradients in apoAl and fibrinogen are consistent with the findings of 

previous studies. Analyses of HDL apoproteins according to measures of 

socioeconomic status do not appear to have been conducted previously (Kaplan and 

Keil 1993), but HDL cholesterol, and by implication apoAl, show direct associations 

with social class in a British survey (Gregory et al 1990) and with educational 

achievement in both sexes in the US centres of the Lipid Research Clinics prevalence 

study (Heiss et al 1980). In the Caerphilly and Speedwell study (Baker et al 1988), 

HDL cholesterol was directly related to RG social class in the Welsh but not in the 

English men surveyed. In the same study, an association between social class and TG 

was not found, whereas here, bearing in mind the non-fasting condition of participants, 

the increase in mean TG from highest to lowest employment grade appears to be

227



biologically important (men: 0.42 mmol/1; women: 0.24 mmol/1).

Fibrinogen has been shown to exhibit a marked inverse social gradient in Britain 

(Markowe et al 1985; Baker et al 1988), though not in the Northwick Park Heart Study 

(Meade et al 1977). Similar observations were made in 639 Swedish men (Rosengren 

et al 1990a) and 2011 Finnish men (Wilson et al 1993).

8.3 Explaining inverse social gradients in coronary risk 

The shorter life expectancy in lower socioeconomic groups is to a considerable extent 

the result of an increased risk of premature cardiovascular disease. The reasonable 

expectation that this phenomenon should be preceded by less favourable profiles of the 

traditional CHD risk factors - smoking, serum cholesterol and blood pressure - has 

proved to be only partly true in British studies (Marmot et al 1978b; Gregory et al 

1990) including this one. Smoking, and to a lesser degree, blood pressure show 

inverse social gradients which account for a part of the inverse social gradient in CHD 

risk, but cholesterol appeared to be higher in groups with lower CHD mortality risk in 

the first Whitehall study (Marmot et al 1978b), and does not exhibit any trend across 

grades in the present group of men and women. This paradox has to some degree 

been resolved since in this population apoAI and fibrinogen each show biologically 

important inverse gradients across social strata in both sexes. A case-control study of 

non-fatal MI (Hebert et al 1992) provides supporting evidence that HDL cholesterol 

levels may be important in explaining elevated risk amongst blue- v. white-collar 

workers. As yet an analogous study of the role of fibrinogen in accounting for the 

social gradient in CHD does not appear to have been conducted.

Standardised regression estimates for CHD incidence on HDL cholesterol (Gordon et 

al 1981) and fibrinogen (Kannel et al 1987) in the Framingham study were used to 

estimate the risk attributable to the trends in risk factors across employment grades 

amongst men, applying the Rosner correction for measurement error and within-person 

variation (Phillips and Davey Smith 1991). These estimated odds ratios for CHD risk 

in clerical as compared with administrative grades (apoAI: 1.20, fibrinogen: 1.10) 

would account, assuming multiplicative effects, for around one third of excess deaths
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in the lower grades if mortality, as yet not analysed, in the present cohort was to show 

a pattern similar to that seen in the first Whitehall study (Rose and Marmot 1981). In 

that study a similar proportion of the CHD risk associated with low employment grade 

was explained by variations in smoking, blood pressure, height, overweight, 

leisure-time activity and glucose tolerance.

This calculation is indicative rather than substantive since a number of assumptions 

have been made in order to estimate the potential importance of the grade gradients in 

apoAI and fibrinogen. Perhaps most crucially, the SREs obtained from Framingham, a 

quite homogeneously affluent community, are being applied to London-based civil 

servants being studied precisely because they are heterogeneous from a socioeconomic 

perspective. The Framingham coefficients for biochemical risk factors derived from 

individual level observations may not be appropriate for the Civil Service occupational 

groups studied here. The assumption has been made for lack of alternatives. It was 

also necessary to adopt, again for lack of other data, the SRE for HDL cholesterol as 

an index of the risk associated with apoAI levels. There is evidence that this is a 

reasonable assumption in view of the close metabolic link between these two 

components of circulating HDL (Thompson 1984). Pearson correlations of apoAI with 

HDL cholesterol, measured in a sub-sample of Whitehall II study participants, confirm 

the expected close association of this apoprotein with the high density lipoprotein 

fraction in both sexes (765 men: r=0.80; 448 women r=0.76).

Comparing the set of variables used in the logistic model for the first Whitehall study 

(Marmot et al 1978b) with the known determinants of apoAI and fibrinogen it is 

apparent that there is some overlap among these two seemingly distinct statistical 

explanations. To some degree the social gradients in smoking and alcohol 

consumption are expressed in the gradients in the two biochemical variables, as the 

results in Chapter 6 show. Whether apoAI and fibrinogen explain statistically a 

substantial portion of the until now unexplained social gradients in CHD morbidity or 

mortality remains to be seen in prospective analyses.

Social differences in diet may also contribute to the gradient in CHD risk. Fat intake
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indexed by reported consumption of red meat and eggs shows little variation by 

employment grade in this population. Individuals in higher grades appear to consume 

substantially greater amounts of antioxidant nutrients and cereal fibre (Brunner et al 

1993c).

8.4 Explaining the social gradients in risk factors 

In the absence of prospective morbidity and mortality data, the impact of trends in 

lifestyle across grades is here assessed in relation to the set of measured biochemical 

CHD risk factors. Trends in resting diastolic blood pressure across grades are not 

apparent in this population, and are small in both sexes in the case of systolic blood 

pressure. The difference between top and bottom grades. Unified Grades 1-6 and 

clerical/office support grades, is for men 1.1 mmHg, and for women 1.5 mmHg 

(Marmot et al 1991). Resting blood pressure, and by implication its determinants, thus 

do not appear in this population or in men in the first Whitehall study (Marmot et al 

1978b) to be important explanations of the inverse social gradient in CHD risk.

In the present study smoking, obesity and regular exercise habits show the expected 

social trends, and appear to make a considerable contribution to the observed social 

gradients in biochemical risk factors. Smoking, in particular, appears to be an 

important determinant of the social gradients in TG, apoB (women), the apoB/apoAl 

ratio and fibrinogen. Moderate drinking is related to more favourable levels of apoAI, 

apoB/apoAl ratio and fibrinogen in both sexes and further accounts for their social 

distribution, since moderate drinking is more frequently reported in higher employment 

grades, particularly amongst women. Dietary patterns were estimated with a set of 

simple food type and food frequency questions, and whilst showing the anticipated 

social trends, individual dietary intakes have probably not been well enough 

characterised for use in individual level analyses. Despite this, the dichotomous diet 

variable, based on reports of bread and milk usually consumed, and frequency of 

eating fruit, vegetables, red meat, fish and eggs identified a 0.18 mmol/I difference in 

serum cholesterol amongst men, which was associated with a 4.8 mg/dl difference in 

apoB (Table 48). These differences cannot be attributed unambiguously to dietary 

effects since they were not examined in multivariate analyses.
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Adjustments for age, BMI, smoking, alcohol consumption, regular vigorous exercise, 

dietary pattern and recent symptoms leave significant associations between 

employment grade and apoAI (both sexes), fibrinogen and TG (men only). 

Measurement errors resulting from the reporting of health behaviours are potential 

sources of under-adjustment. Residual age effects are unlikely to account for the 

associations with employment grade since careful attention was paid to the 

identification of the appropriate age adjustments, and different age relationships with 

the biochemical variables in women before and after menopause were fitted in the 

regression models. The remaining socioeconomic gradients identified above may 

represent effects ’truly’ independent of health related behaviours.

Differences in risk factors which appear not to be behaviourally determined include 

those between men and women and between pre- and post-menopausal women. 

Amongst those aged 45 or older fibrinogen was found to be higher in pre-menopausal 

women (2.75 g/1 (95% Cl 2.69-2.82)) than in men (2.64 g/1 (2.62-2.66)). The findings, 

which are consistent with those from the cross-sectional results in the Northwick Park 

heart study (Meade et al 1977), are not what would be predicted on the basis of 

prevalent rates of ECG ischaemia in our cohort. It is not clear how the coexistence of 

lower coronary risk and higher levels of this thrombogenic protein in middle-aged 

women are to be explained.

The findings for the behaviour-risk factor associations suggest that adiposity, smoking, 

alcohol consumption and other health related behaviours are important determinants of 

the observed gradients in apoAI and fibrinogen. The residual social gradients in apoAI 

and fibrinogen may represent effects independent of health behaviours. However, 

some of the gradients remaining in the fully adjusted models may reasonably be 

supposed to result from measurement imprecision and the use of single measurements 

to represent exposures over the years preceding the time of the survey.

8.5 Factors in early life 

Barker’s hypothesis (1990), and his advocacy of the significance of fetal and early 

growth for later health, has refocused attention onto the whole of the life course for
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explanations of CHD risk, which has been rather centred on events in middle age in 

cardiovascular disease research. A key debate has been whether the observations 

linking early growth and development to later cardiovascular risk are confounded by 

socioeconomic status during the whole of life (Ben-Shlomo and Davey Smith 1991). 

One resolution of this debate would be to argue that sub-optimal conditions, in the 

broadest sense, for the foetus and infant accompany lower socioeconomic status. As 

Table 24 suggests, considerable intergenerational tracking of social class is evident 

amongst civil servants who entered the workforce in the relatively egalitiarian 1960s 

and ’70s.

In the absence of birthweight data (collected at the second screening examination in 

1991-93) or weight at one year, height has been used here as a measure of early 

growth and development, as it has been in mortality analyses of the British birth 

cohorts (Barker 1992). The relations with height of four of the seven risk factors 

conform to the Barker hypothesis. Serum cholesterol, apoB, the apoB/apoAl ratio and 

fibrinogen show more favourable levels amongst taller participants, whereas TG, apoAI 

and factor VII are not associated with adult height. The effects observed appear to be 

important biologically, with lower mean risk factor levels of between 2.1% and 3.6% 

per centimetre of height. Interestingly, the height-lipid factor associations are with 

total cholesterol and apoB, whereas those seen with social status at the time of the 

study in both sexes are with TG and apoAI. Differences in serum cholesterol across 

the height range in our population were considerable (interquartile range 0.23 mmol/1 

in men, 0.20 mmol/1 in women), whilst with employment grade no differences were 

observed. The weakening of the associations between height and the four associated 

risk factors by controlling for employment grade is variable, ranging from no 

attenuation (serum cholesterol), to 27% and 32% (fibrinogen in men and women 

respectively).

The residual effects provide evidence that the associations of early and childhood 

growth with these biochemical risk factors may be important determinants of CHD risk 

status in middle age. A follow up study of men bom in Hertfordshire showed that 

fibrinogen and factor VII were both inversely related to weight at one year, but not to
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birthweight (Barker et al 1992). In the same group of men adult serum cholesterol 

was shown to increase with increasing birth weight, but to decrease with increasing 

weight at one year (Fall et al 1992).

Further indirect evidence of early influences on CHD risk in this study is seen in the 

analysis of adult risk status according to family social background. Father’s social 

class discriminated groups with risk differences in the expected direction within 

employment grade (Table 44 and 45). The possibility cannot be excluded, however, 

that unmeasured influences in adulthood have produced these findings.

The influences of early and adult circumstances were explored also by taking effects 

related to adult socioeconomic status and controlling for height. Employment grade 

differentials in risk factors were in general unchanged by adjustment for adult height 

(Table 47), suggesting that little of the apparent relations of apoAI and fibrinogen with 

adult social position are due to early life influences, as indicated by height.

In summary, this cross-sectional study has confirmed that the differentials across 

socioeconomic groups in health behaviours in adult life appear to be important in the 

production of the social gradients in lipid and haemostatic risk factors for CHD. 

Additionally, analyses utilising adult height provide some evidence for the influences 

of early growth and development, which is particularly evident in relation to serum 

cholesterol. Total cholesterol shows scant relation to the measures of adult 

socioeconomic status used here and therefore it seems that an independent effect of 

early life factors is being revealed.

Further understanding of the social variations in risk factor levels has been sought in 

this study using self-reports of psychological, social, occupational and material factors, 

collected at the same time as the physiological, behavioural and risk factor data. 

Analyses with the contextual and personal domains attempt to develop the model, often 

known as the behavioural explanation, which places individual health beliefs and 

lifestyle in the central role in accounts of differences in health status and prospects 

across the social classes (Townsend et al 1990). Social patterns of behaviour, such as
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the socioeconomic gradients in smoking seen in the first Whitehall study and Whitehall 

II, are consistent across time and cohorts and strongly suggest structural and cultural 

components in smoking and other health behaviours (Calnan 1989). Evidence has 

been produced here to support such a view. Financial hardship, living and 

employment conditions and psychological factors are related to risk factor status and 

may usefully be considered in both the aetiological and public health contexts.

8.6 Psychosocial influences 

Psychosocial influences, investigated in the present study to test and extend the 

conventional risk factor explanation of coronary risk, may potentially operate along 

two pathways. They may influence smoking and other health behaviours, or produce 

endocrine and metabolic changes, for example, via the sympathoadrenal system 

(Theorell 1992). These two contrasting mechanisms are probably not mutually 

exclusive. Chronic material hardship, for example, is likely to influence health 

behaviour, but may in addition have effects on the cardiovascular system through 

psychological mechanisms. The former can be viewed as a ’soft’ interpretation of the 

material explanation of social inequalities in health, or as an extension of the 

behavioural model, which locates causation at the psychological and social levels. The 

latter, health behaviour independent model may be seen as the ’hard’ interpretation of 

the materialist view.

The analytic sequence used here was to examine psychosocial exposure-risk factor 

associations, which provide evidence for hypothesis 1 (Section 7.1), then to look at the 

effects of adjustment for BMI and health behaviours, and lastly employment grade. 

Survival of effects after the first adjustment stage supports hypothesis 2, that certain 

psychosocial effects operate independently of established health related behaviours.

The associations seen with reported financial hardship and the apoproteins (Tables 68 

and 69) illustrate the difficulties of interpretation of these multivariate analyses. The 

associations are weakened during the adjustment process, suggesting mediation by the 

behavioural factors, but are not entirely abolished. The residual effects are to some 

extent due to measurement imprecision in the covariates, such as diet, and therefore 

support for hypothesis 2 is ambiguous. It is, however, striking that the effects of 

reported financial hardship are not eclipsed entirely by the entry of correlated and
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more precisely measured factors into the regression model.

The second stage of adjustment, involving the addition of a term for employment grade 

to the model, addresses the possibility of unmeasured confounding factors related to 

socioeconomic status, but as has been discussed in section 2.5.6 may be inappropriate. 

The consequent abolition of psychosocial effects may be the product of over

controlling, since the endeavour here is to identify components of the socioeconomic 

gradients in apolipoproteins and fibrinogen. Adjustment for employment grade is 

appropriate on the grounds of confounding and tests the independence of the 

psychosocial effect in question from socioeconomic status.

Grade is likely to be measured with less error than, for example, psychosocial 

characteristics of work and adjustment for it will therefore tend to conceal the effects 

of interest. Thus, psychosocial variables showing the largest effects (financial 

problems, work variety and skill use, job control, hostility and fatalism) when added to 

the fully adjusted models for each of the biochemical risk factors produce no or 

marginal differences in the regression coefficients for grade. Almost without 

exception, insertion into the model of the psychosocial variables leaves the explanatory 

power of the model unaltered, on the basis of the value (data not shown).

A separate grade adjustment problem lies in the likelihood that subjective appraisals of 

work characteristics will depend on between grade as well as within grade 

comparisons, so that grade adjustment will tend to reduce the apparent size of effects 

which the analysis is attempting to identify. Further, the sex distribution by grade, 

with more women in lower grades and vice versa, will alter the meaning of grade 

adjusted associations for men and women in different ways. The problem of 

interpretation this creates is illustrated by the effects of adjustment of the association 

between the variety and skill use index and apoAI (Table 79). Amongst men, the 

parameter declines progressively from 0.77% increase in apoAI per tertile to 0.19% 

with adjustments for BMI and health behaviours; subsequent grade adjustment 

produces a parameter of -0.50% which approaches statistical significance, suggesting, 

perhaps implausibly, that the underlying effect may be in the opposite direction to the

235



crude association. Amongst women, the age and menopause adjusted association 

(2.20% increase in apoAI per tertile) is progressively attenuated by adjustment for 

BMI, health behaviours (1.14%) and grade (0.66%).

The psychosocial variables related to socioeconomic status which have been studied 

can be considered to cluster into three groups according to their proximity to the 

individual. At the structural level are the subjective characteristics of work and 

financial problems. Social and family situation is represented by the three measures of 

social support, though there is a clear psychological component to these, as there is for 

the experience of bereavement and divorce. The more personal affective and cognitive 

group of factors examined were type A pattern, hostile attitude, mental health, affect 

balance and satisfaction with life. The measures are based on self-report to reflect the 

transaction between the individual’s perception of external demands and his/her ability 

to cope (Cox 1993).

A pattern of declining effects at the first adjustment stage was seen in most cases with 

each of the psychosocial factors in the three structural, social and psychological 

domains. The analyses consequently give greatest support to the view that the
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psychosocial factor-risk factor associations are mediated by health related behaviours 

(hypothesis 1) rather than being independent of them (hypothesis 2).

Of the five Karasek work dimensions the variety and skill use index showed consistent 

effects with each of the three lipid and haemostatic factors in the predicted direction in 

men and women. The associations were greatly reduced by adjustments for BMI, 

smoking and alcohol consumption (Table 79), suggesting the mediating influences of 

these patterns of health related behaviour in both sexes dominate, and the proposed 

direct effects of the psychosocial work environment on risk status are weak if they are 

operating. The variety and skill use aspect of work here appears to discriminate risk 

factor status in both men and women though the employment grade distribution of the 

two sexes is considerably skewed to opposite ends of the occupational spectrum (Table 

8) and seems to be important regardless of the nature of the work involved. The 

variety and skill use, or low monotony, index corresponds to Karasek et al’s (1981) 

intellectual discretion dimension which predicted the development of a self-reported 

CHD indicator in Swedish men. In that study job demands constituted the second 

dimension which predicted CHD, but in the Whitehall II population work pace, the 

analogous factor, predicts a poorer risk profile in only two of the six tests of univariate 

association (Table 74). This finding may reflect a high prevalence of undemanding 

and monotonous working conditions in the Civil Service at the time of the survey: 

evidence consistent with this is seen amongst men in the improvement of apoAI and 

fibrinogen levels with increasing work pace, and the paucity of effects seen with the 

conflicting demands index.

High control at work is associated with lower fibrinogen in men, though not women, 

(Table 76) confirming a preliminary analysis on 931 of the 2855 subjects with 

fibrinogen measurements (Davey Smith et al 1989). An earlier pilot study of 74 men 

employed at the Department of the Environment (Markowe et al 1985) showed a 

similar relationship between fibrinogen and a composite measure of work stress 

comprising questions on use of skills, variety and control at work (Section 2.3.10).

The supports at work analyses produced paradoxical results. In men the expected
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relations (Johnson and Hall 1988) were seen with the apolipoproteins, whilst in 

women, the univariate effects were in the opposite to expected direction whichever of 

the three end-points was used (Table 82) suggesting that unmeasured factors particular 

to women may have been operating. Though no specific hypothesis exists for job 

importance or satisfaction dimensions in the Karasek model parallel analyses of these 

indices were also conducted (Tables 84-87). There was a tendency for higher levels of 

importance and satisfaction to be linked with lower fibrinogen in men but not women. 

Job importance was associated, paradoxically, with less favourable levels of 

apolipoproteins in women but not men. This tendency survived adjustments for BMI, 

health related behaviours and employment grade, contrary to both of the psychosocial 

hypotheses under test.

The two simple questions on financial problems in relation to paying for food or 

clothing (Tables 66 and 68) and meeting payment of bills (Tables 67 and 69) identify 

considerable univariate effects in relation to the apolipoproteins, but not fibrinogen.

For apolipoprotein AT the effects are similar in size to those seen with the variety and 

skill use at work index. For apoB/apoAl in men the effects with financial problems 

are greater. These findings are consistent with roles for both psychosocial and 

material factors in the production of the risk factor gradients.

Examination of the direction, strength and number of associations obtained with the 

non-occupational factors explored suggests certain sex differences. These are 

particularly evident with effects related to the measures of social and family supports, 

and type A behaviour pattern (discussed below). The negative, security-diminishing 

dimension of the CPQ (Stansfeld and Marmot 1992a) which had the poorer validity in 

this population, was not associated with the three risk factors in either sex (Table 56), 

however in both of the other dimensions - confiding/emotional and practical supports - 

the expected relations were seen amongst men, whilst amongst women increasing 

levels of support were associated, against expectations, with poorer risk factor status 

(Tables 54 and 55). These contrary, but weak, associations parallel those seen for the 

measure of support at work.
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The implication for men is that the absence of a social network providing emotional 

and practical support is important in determining risk factor status, but although 

expected, this was not observed amongst women. Bearing in mind these findings, it is 

paradoxical that the predicted relations were observed in both men and women for 

report of bereavement (Table 72), and further, that divorce or separation tend to be 

associated with more favourable levels of each of the three risk factors examined 

(Table 73). Life events reported in the year before examination were shown to 

influence 7 year all cause mortality risk in the 1933 male birth cohort in Gothenberg 

(Rosengren et al 1993). Men with adequate emotional support, measured by 

questionnaire, seemed to be protected. This effect modification is in accord with the 

results obtained here for social supports. Findings with reports of bereavement and 

divorce in Gothenberg contradict the parallel findings in Whitehall II subjects. In the 

Swedish study divorcees experienced higher mortality, whereas those reporting 

bereavement tended to have a lower mortality risk. Whether chance, cultural 

differences or confounding explain these differing observations is not clear.

Turning to personal psychological factors, analyses of Framingham type A behaviour 

and the apoB/apoAl index of atherogenicity were suggestive of a sex difference in 

associations with this composite behaviour pattern (discussed in Section 2.5.5). 

Amongst women there is a clear indication of a more desirable (lower) apoB/apoAl 

ratio with increasing type A score, whilst men tended to exhibit the expected 

association (Tables 58 and 59). Because of the steep gradient in type A score across 

employment grades strong confounding was predicted for this effect, but interestingly 

adjustments for grade and health related behaviours reduced the relevant parameter by 

only 24% in women. The univariate effect for type A is large: almost half that seen 

with apoB/apoAl across employment grades (Table 52). Interpretation of this finding 

is complex. Type A behaviour is not well theorised, as Marmot has discussed (1980), 

and was developed primarily in studies of affluent white American males (Rosenman 

et al 1975; Haynes et al 1980). This behaviour pattern would appear to be associated 

with more favourable apolipoprotein profile in the women studied here, and to explore 

the effects of type A pattern further analyses were conducted with the Cook-Medley 

hostility scale (1954) in view of Matthews’ findings (1977). Ratings of hostile attitude
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were weakly related to poorer risk factor levels in both sexes (Table 60) in univariate 

analyses. Covariate adjustments in women (Table 61) suggest that increasing levels of 

hostility are related to better risk factor status, as with the type A findings. In men the 

underlying associations are in the predicted direction.

Internal v external locus of control in relation to CHD was explored with a question on 

fatalism with respect to CHD (Section 2.5.5). The expected pattern of findings (Eaker 

et al 1992) was consistently seen amongst men, and less so amongst women (Tables 

64 and 65). Fibrinogen levels were significantly higher in men who regard their 

chances of controlling their heart attack as poor. This association was no longer 

significant after controlling for BMI, smoking, alcohol consumption and exercise 

behaviours. The fatalism effects are small in comparison with those seen with 

socioeconomic status.

Life satisfaction was assessed using two instruments, Bradbum’s ABS and Diener’s 

SWLS (Section 2.5.5). Both the affective (ABS) and cognitive (SWLS) components 

show the expected effects in men (Tables 57 and 63). Fibrinogen tended to increase 

with higher ABS and SWLS scores amongst women, showing the same paradoxical 

finding that is seen with measures of social supports. These are all small effects, with 

differences across tertiles of the relevant factor of less than 0.1 g/1, compared with 

0.39 g/1 across employment grades. GHQ caseness by the chronic scoring method 

(Goodchild and Duncan-Jones 1985) showed scant effects with the three risk factors 

analysed, none of which was in the expected direction.

The results of the analyses conducted in this report are represented in Figure 4.

8.7 Metabolic considerations 

Several studies have shown an association between psychosocial factors and 

subsequent risk of CHD (Berkman and Syme 1979; Karasek et al 1981; Haan 1988; 

Eaker et al 1992; Wilson et al 1993). These findings raise the question of the 

mechanisms of action involved. Attempts to show relationships between various 

domains of psychosocial demands and coronary risk factors have produced some
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Figure 4
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evidence for effects (Friedman et al 1958; Markowe et al 1985), but frequently suffer 

from methodological weaknesses and contradictory findings (House et al 1986; Pieper 

et al 1989). Here, the analyses of cross-sectional data support the hypothesis that work- 

related and non-occupational factors do influence levels of apolipoproteins and 

fibrinogen. Evidence is strongest for the view that they do so via the mediation of 

health related behaviours, but potential direct effects are not excluded. It is important 

to consider the potential importance of other pathways in the socioeconomic gradient 

in CHD risk. Factors such as impaired glucose tolerance (Fuller et al 1983) and sex 

steroids (Yamell et al 1993), and other pathways, such as the hypothalamic-adrenal 

axis (Williams et al 1991; Bjomtorp 1991), may have greater explanatory power in this 

context

The gradients across social strata observed here in apoAI and TG, and apoB in 

women, are consistent with the involvement of central obesity and the metabolic 

syndrome (Reaven 1988; Castelli 1986) in producing the socioeconomic status gradient 

in CHD. Bjomtorp (1991) has suggested this phenomenon may be linked with 

chronically elevated secretion of cortisol in response to the defeat reaction (Section 

2.3.9), however data from the Caerphilly study provide no evidence for a trend in 

plasma cortisol levels across the RG social classes (Elwood 1993b).

8.8 Which is the best measure of stress?

Each of the seven biochemical factors used here as outcomes were selected for their 

ability to predict CHD (Sections 2.2 and 2.3) and theoretical considerations of 

metabolic pathways leading to atherosclerosis and thrombosis. Four of these - apoAI, 

apoB/apoAl ratio, TG and fibrinogen - show biologically important gradients across 

employment grades, selected as the index of socioeconomic status which identifies the 

largest effects. Attention has been focused on three end-points in this study of social 

class and coronary risk. TG potentially is an important risk factor, but due to the 

small number of individuals in whom it was determined, it has not been used in the 

analyses of psychosocial factors.

Comparison of the value of apolipoproteins and fibrinogen as outcome variables in the
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analyses of psychosocial effects suggests that each has utility. Both apoAI and 

fibrinogen are influenced considerably by degree of obesity, smoking and alcohol 

consumption, each of which appear to be important mediators of the psychosocial 

factors explored in this study. After taking BMI and health behaviours into account, 

there is inadequate evidence here to choose between either the apolipoproteins or 

fibrinogen as a more appropriate measure of the somatic effects of stress,

8.9 Implications for future research 

Further studies involving the Whitehall II cohort, and other populations, are indicated 

in order to confirm and to extend the observations made in this study.

The statistical analyses in this thesis are all of Whitehall II first baseline data (SI: 

1985-88). Whitehall II has, however, a prospective design to address the limitations of 

cross-sectional surveys. Further cross-sectional and longitudinal analyses relating to 

the hypotheses under test here will be conducted when the data are available. Repeat 

measurements of psychosocial exposures and health related behaviours at the S2 postal 

questionnaire (1990) and S3 follow-up (1991-93) have been conducted. At S3 serum 

cholesterol, apolipoproteins Al and B were measured again, and serum triglycerides, 

plasma fibrinogen and factor VIIc were determined on the entire cohort, rather than 

just those in the older decade, as at SI. At the S3 follow-up, a sub-sample of 497 

individuals returned for a second screening examination within three weeks of their 

initial visit so that short-term repeatability of questionnaire and screening 

measurements could be determined. Effect estimates may therefore be improved by 

correction of regression dilution bias (Phillips and Davey Smith 1991). Additional 

outcomes were collected at S3, consisting of a 75g glucose tolerance test and new 

biochemical measures including insulin, lipoprotein(a), PAl-I, von Willebrand’s factor 

and plasma antioxidant vitamins.

The results presented in chapter 7 show that certain adverse psychosocial factors, such 

as lack of variety at work, are associated with less favourable levels of biochemical 

CHD risk factors. Multivariate analyses support the interpretation that these 

associations are, at least in part, mediated by health related behaviours such as 

smoking. Prospective analyses will reveal whether changes in reported psychosocial 

status are associated with changes in relevant behaviours.
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Certain associations seen here require further examination. These include the 

unexpected inverse correlation between alcohol consumption and serum TG in women 

(Table 48) and the relatively favourable risk factor status of divorcees (Table 73). 

Critically, the extent to which apoAI and fibrinogen account statistically for differences 

in CHD risk across social strata is unknown. 100 incident coronary events are 

predicted by the end of 1994, on the basis of trends to the end of 1992 (Appendix 4), 

at which time this question can be addressed.

Alternative pathways, including neuroendocrine (Williams et al 1991) and 

immunological (Theorell et al 1990) mechanisms, offer potentially useful avenues for 

further research in studying socioeconomic differences in CHD risk (Kaplan and Keil 

1993). The study of dietary factors such as antioxidants (Riemersma et al 1991), 

though not necessarily fat (Morgan et al 1989), may add to understanding of influences 

on the social gradient in CHD risk. A seven day diet diary and a detailed food 

frequency questionnaire were completed by participants at S3. The determinants of the 

degree and pattern of obesity, reduction of which in the population is a public health 

priority (HMSO 1992), are worthy of study. There is a striking gradient in central 

obesity across employment grades in both sexes at the follow-up examination (S3) of 

the Whitehall II cohort (Brunner et al 1993b).

Experimental studies offer another strategy for testing the hypotheses supported by 

these observational data. A controlled trial of relaxation was initiated at the baseline 

of this study, using as entry criteria moderately raised blood pressure and either serum 

cholesterol above 6.3 mmol/1 or smoking ten or more cigarettes daily. The aim of this 

study is to test the effectiveness of relaxation in reduction of blood pressure and future 

cardiovascular disease.

At the policy level, there are indications that growing popular interest in ’cumulative 

trauma’ at work may lead to a requirement for more epidemiological studies which are 

able to help quantify the important psychosocial influences in the employed population 

(Theorell 1988). An international law firm (Rochez and Scoggins 1993) recently 

estimated that ’workforce stress costs the UK £7 billion a year’ and believes both no

fault compensation and litigation for stress-related illness will come to Britain, as it 

has to the USA, Australia, Japan and Sweden.
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8.10 Implications for CHD prevention 

Wider interpretation of the findings here may be relevant to public health debates. For 

example, examination of the observed influences on coronary risk factors may shed 

some light on the relative effectiveness of various modalities of intervention. One 

common approach, typified by the Health Education Authority’s ’Look after your 

heart’ campaign (LAYH Programme 1990), tends to locate responsibility for health 

primarily with the individual and family. Along these lines, a report (Baker et al 

1988) on social class differences in haemostatic risk factors from the Caerphilly and 

Speedwell studies concludes ’It is possible therefore that the class pattern of CHD is 

generated, in part at least, by differences in haemostatic mechanisms. These 

differences in haemostatic function are almost entirely due to the large social class 

differences in smoking habit. It is possible therefore that the class differences in CHD 

result from differences in smoking habit’. In Danish men (Hein et al 1992) and 

British civil servants (Marmot et al 1978), at least, this is not so. After 17 years of 

follow-up of men living in Copenhagen a large social class 1-V difference in CHD 

incidence was seen in never-smoking males.

Other views give consideration to structural as well as individual explanations of 

inequalities in health, and thereby other potential interventions. This perspective, more 

in the tradition of the public health movement (Lewis 1992), is supported by the data 

analysed here, which show systematic and considerable social differentials in several 

CHD risk factors. These risk factors are associated with social structural variables (as 

well as individual behavioural ones) which provide evidence for the importance of 

both material and psychosocial influences on cardiovascular health. Financial 

problems and work characteristics appear to be important in these respects, and both 

are amenable to intervention. Other structural factors, such as tobacco advertising 

have not been considered in this study.

The goal of increasing health equity requires that the aetiology of CHD in general, and 

the causes of the social gradient in particular, are adequately understood. One of the 

unanswered questions in this respect (Wilkinson 1992; Fames et al 1993) concerns the 

relative contributions of material and psychosocial influences to the social gradient in 

CHD. The evidence from this study suggests both sets of explanations are applicable.
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APPENDIX 1 WHITEHALL H STUDY BASELINE QUESTIONNAIRE

HEALTH SURVEY

Conducted by the University College London/Middlesex 
Hospital Medical School and the Civil Service 

Medical Advisory Service.

CONFIDENTIAL
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We are interested in identifying the characteristics of work and personal environment 
which may adversely or beneficially affect people’s health. We should, therefore, be 
grateful if you would complete this questionnaire which asks some general background 
questions as well as a few questions about your activities.
The answers to all these questions will, of course, be kept strictly confidential. All 
information on individuals will go into statistics for all men and women in the study and it 
will not be possible to identify your responses from any reports or publications.

PLEASE USE BLOCK LETTERS THROUGHOUT

Once returned, the personal identification section below will be removed. This will ensure 
the preservation of confidentiality in subsequent handling of the questionnaires.

FORENAMES (in full) .......................................................................................................

SURNAME..........................................................................................................................

HOME ADDRESS..............................................................................................................

MINISTRY/DEPARTMENT

DIVISION

BRANCH OR SECTION

Official telephone number 
(if available)



Six to eight weeks following the examination you will be sent a letter about your 
results and appropriate advice. A letter for your general practitioner will be en
closed for you to give him/her

This questionnaire asks about features of your way of life which may affect your health. 
To study this we need to monitor your health over the next 5-7 years. Therefore, we are 
asking your permission to obtain your sickness record from your department and 
in cases of serious illness to obtain details from your general practitioner.
Again we wish to assure you that such information will be absolutely confidential. 
Under no circumstances will an individual record be made available to anyone: 
either connected with the Civil Service or outside. It will not be possible for anyone to 
be identified from any scientific publication.

Consent given: Yes No
(Please circle one)

If yes, please sign your name here ...............................................................................

If you have given your consent, please could you provide the following information:

NATIONAL INSURANCE NUMBER 
(you can get this from your payslip)

PAYROLL NUMBER/PAY REFERENCE ..........................................
(also on your payslip)

NATIONAL HEALTH SERVICE NUMBER .........................................
(You can find your National Health 
Service No. on your medical card or 
obtain it from your general practitioner.
Please note that it is not the same as 
your National Insurance No.)

Your General Practitioner’s name NAME...................................................................
and address

ADDRESS.................................................................

THANK YOU



H E A L T H  S U R V E Y

General Instructions

Please read these notes before filling in the rest of the form

Please answer all the questions.

The answer to most questions 
can be indicated by circling 
the appropriate number.

e.g. What is your sex? Male O  
Female 2

Where the answer requires 
you to write numbers, 
a rectangle is used.

e.g. What is your 
date of birth?

Where the answer is likely to 
involve a phrase or sentence 
lines are given.

e.g. What is your civil 
service grade?

\'2. 3> 19 4-S
Day Month Year

H&O



1 . a) W hat is yo' .f 
date of birth?

b) Sex:

iq
Day Month Year

Male 1
Female 2

2  a) W hat is your civil service grade? 
(e.g. HEO  or SEO)

b) W hat was your first civil service grade?

3 .  In what year did you 
first join the 
civil service?

1 9

Year

4 .  a) How many changes of
post within the civil 
service have you had 
during the last 5 years?

Enter numbers

b) How many changes of grade 
have you had during the 
last 5 years?

5 . a) How old were you when 
you finished full-time 
education?

b) Now thinking just of your full-time 
education; what type of school or 
college did you last attend full
time?

Age

Circle one
Elementary or secondary only 

school 1

University/Polytechnic 2

Nursing School/Teaching 
Hospital 3

Som e other type of college 4

Other, (please specify) 5

6 .  W hat is your marital status 

Married

Circle one 
only

I If Yes, go to Question 7a

Cohabiting

If Yes, go to Question 7c

Single (never married) 

Divorced or separated 

Widowed

If Not now married or cohabiting, go to Question 8

7 .  I f ‘now married’

a) is this your first marriage?

Yes

No

If Yes, go to Question 7c

If No

b) How did your previous marriage 
end?

Widowed

Divorced

c) How old was your spouse [partner] 
when he/she finished full-time 
education?

d) Now thinking just of your spouse s 
[partner’s] full-time education: 
what type of school or college did 
he/she last attend full-time?

Elementary or secondary 
school

University/Polytechnic

Nursing School/Teaching 
Hospital

Som e other type of
college

Qther (please specify)

age

Circle one 
only 

1

Continued



Continued

e) Is your spouse [partner] currently doing any paid work?

Circle one 
only

Yes: Full-time (over 30 hours/week) 1

Yes: Part-time (less than 30 hours/we'ik) 2 

No: Unemployed — seeking work 3

No: Looking after the house/family 4

No: Not working — other reasons 5

If. Not Working, go to Question 8

If spouse/partner is working:

f) What is your spouse’s [partner's]
main current job. What kind of work does he/she do in it?

g) What qualifications or training if any are necessary 
for that job?

h) Is he/sh e an employee i

or: self employed 2

i) How many people work at his/her place of work?

Less than 25 employees 

25 or more employees 

j) Is h e/she in charge of other people?

Yes

No

k) If Yes, how many?

8 .  Is the accommodation in which you live owned or rented? 

Own outright or have mortgage i

Rent from local authority 2

Rent privately unfurnished 3

Rent privately furnished 4

9 . D oes anyone live in your household besides you?

Yes 1

No 2

If No, go to Question 11

If Yes,

1 0 . Who lives in your household besides
you? Answer all parts

Yes No

a) Spouse or partner 1 2

b) Your mother 1 2

c) Your father 1 2

d) Your spouse’s mother 1 2

e) Your spouse’s father 1 2

f) Children under 5 
(If none write 0)

number

g) Children aged 5-15 
(If none write 0)

h) Children over 15 
(If none write 0)

i) Any other people? 
(If none write 0)

1 1 . Is there a car or van normally available 
for use by you or other members of your 
house-hold?

Yes 1

No 2

1 2 . a) How old was your father when he 
finished full-time education?

age

b) What is/was your father’s 
main job, what kind of work 
does/did he do in it?

c) What qualifications or training, if any, 
are/were necessary for that job?

d) Is/was he an employee 1

or: self employed 2

e) How many people work/worked at his place of work?

Less than 25 employees 1

25 or more employees 2

f) Is/was he in charge of other people?

Yes 1

No 2

g) If Yes, how many?



h) Is your natural father still alive?

Yes

No

If Yes go to Question 13

If No

i) how old were you 
when he died?

|) how old was your 
father when he died?

k ) what did he die from?

Heart Attack (coronary)

Stroke

Other heart condition 
(not a coronary)

Cancer

Other causes (please specify) 

Don t Know

years

years

1

2

3

4

5

1 3 .  a) How old was your mother when she 
finished full-time education?

(b) Is your natural mother still alive?

Yes 1

No 2

If Yes go to Question 14 

If No

c) how old were you 
when she died?

d) how old was your
mother when she died?

e) what did she die from? 

Heart Attack (coronary) 

Stroke

Other heart condition 
(not a coronary)

Cancer

years

years

Other causes (please specify) 5

Don't know

1 4 . Has either of your parents suffered from the following? 
(Please answer all questions)

Yes No/Don’t
know

a) Angina 1 2

b) Heart attack 1 2

c) Stroke 1 2

d) High blood 1 2
pressure

e) Diabetes 1 2

1 5 .  Do you have any brothers Yes 1
or sisters?

No 2

1 If No brotfiers or Sisters
j go to Question 16

If Yes

Have any of your brothers or sisters 
suffered from the following? 
(Please answer all questions)

a) Angina

b) Heart attack

c) Stroke

d) High blood 
pressure

e) Diabetes

Yes No/Don’t 
know

2

2

2

2

THIS SECTION CONCERNS YOUR OWN 
HEALTH
1 6 . Over the last 12 months would you say your health 

has been

Very good 

Good 

Average 

Poor

Very poor

1 7 . a) Do you have any longstanding illness, 
disability or infirmity?

(longstanding means anything that 
has troubled you over a period of 
time or that is likely to affect 
you over a period of time)

Yes 1

No 2
If Yes

b) What is the matter with you?



1 8 . There are som e kinds of health problems that keep
recurring and som e that people have all the time. In the last 
12 months have you suffered from any of the following 
health problems?
(Please answer all questions)

a) Bronchitis

b) Arthritis or rheumatism

c) Sciatica, lumbago or recurring
backache

d) Persistent skin trouble
(e.g. eczema)

e) Asthma

f) Hay fever

g) Recurring stomach trouble/indigestion

h) Being constipated all or most of the
time

i) Piles

j) Persistent foot trouble
(e.g. bunions, ingrowing toenails)

k) Trouble with varicose veins

I) Nervous trouble or persistent 
depression

m) Persistent trouble with your gums or 
mouth

n) Any other recurring health problem 
(Please specify)

Yes No 

1 2 

1 2 

1 2

1 2 

1 2 

1 2 

1 2

1 2

1 2

1 2 

1 2

1 2

PLEASE MAKE SURE YOU HAVE ANSWERED 
ALL THE ABOVE QUESTIONS.

1 9 . Have you had any of the following symptoms in the last 
fourteen days?
(Please answer all questions)

a) A cough, catarrh or phlegm

b) Diarrhoea

c) Heartburn, wind or indigestion

d) Shortness of breath

e) Dizziness or giddiness

f) Earache or discomfort in the ears

g) Swollen ankles

h) Nervy, tense or depressed

i) A cold or 'flu 

j) A sore throat

k) Difficulty in sleeping

I) Pains in the chest

m) A backache or pains in the back

n) Nausea or vomiting

o) Feeling tired for no apparent reason

p) Rashes, itches or other skin trouble

q) Toothache or trouble with the gums

r) Any other complaint(s) in the last 
14 days (Please specify)

Yes No 

2 

2 

2 

2 

2

PLEASE MAKE SURE YOU HAVE ANSWERED 
ALL THE ABOVE QUESTIONS.



20. a) Have you ever had any pain or 
discomfort in your chest?

Yes

No

j If No go to Question 21

If Yes
b) do you get this pain or 

discomfort when you walk 
uphill or hurry?

c) do you get it when you 
walk at an ordinary pace 
on the level?

d) When you get any pain or 
discomfort in your chest, 
what do you do?

Stop

Slow down

Continue at the 
sam e pace

e) does it go away when 
you stand still?

f) how soon?

In 10 min. or less 

More than 10 min.

g) Where do you get this pain or 
discomfort?

(mark the place(s) with a X on 
the diagram)

Yes

No

Yes

No

RIGHT

Yes

No

LEFT

Front view

2 1 .  a) Have you ever had a severe pain across 
the front of your chest lasting for half 
an hour or more?

If No go to Question 22

If Yes
b) did you talk to a 

doctor about it?

Yes

No

Yes

No

If No, go to Question 22

If Yes,
c) What did he say it was?

d) How many of these 
attacks have you had?

number

22 . a) Have you ever had heart trouble suspected  
or confirmed?

Yes

No

If No, go to Question 23

If Yes,
b) When was the first

time? [give year] 1 9

c) What was the diagnosis? 

Heart attack 

Heart strain 

High blood pressure 

Valve disease  

Hole in the heart 

Qther (please specify)

year

1

2

3

4

5

6

d) Did you attend a hospital?

Yes 1

No 2

e) Are you still attending a doctor 
for heart trouble?

Yes 1

No 2



23. Has your blood pressure ever been 
checked?

Yes 1

No 2

If No go to Question 26

24. If Yes, who has it been checked by? 
(circle all that apply)

Yes No

a) General 
Practitioner 
(or practice nurse]

1 2

b) Hospital doctor 
(or nurse)

1 2

c) At work 1 2

d) Insurance exam 1 2

e) Others 1 2

25. a) Has a doctor ever told you that your 
blood pressure was above normal?

Yes 1

No 2

If No, go to Question 26

If Yes
b) when was the first 

time?
year

c) Have you ever had treatment for 
high blood pressure?

Yes 1

No 2

d) Are you taking drug treatment for 
high blood pressure now?

Yes 1

No 2

26. a) Do you get any pains
in either leg on walking?

Yes

No

If No, go to Question 27

If Yes,
b) D oes this pain ever begin 

when you are standing still 
or sitting?

c) Do you get this pain in 
your calf or calves?

d) Do you get it when you 
walk uphill or hurry?

Yes

No

Yes

No

Yes

No 2

e) Do you get it when you 
walk at an ordinary pace 
or on the level?

Yes 1

No 2

f) D oes this pain ever disappear 
while you are still walking?

Yes 1

No 2

g) What do you do if you get 
it when you are walking?

Stop 1

Slow down 2

Continue at the 
sam e pace 3

h) What happens to it if you 
stand still?

Usually continues 
more than 10 mins. 1

Usually disappears 
in 10 mins. or less 2

2 7 .  Do you suffer from Diabetes?

Yes 1

No 2



2 8 .  a) Do you usually bring up any 
phlegm from your chest first 
thing in the morning in winter?

Yes

No

If No, go to Question 29

If Yes,
b) Do you usually bring up phlegm 

in the morning on most days for 
as much as three months in the 
winter?

Yes

No

c) In the past three years have you 
had a period of increased cough 
and phlegm lasting for three weeks 
or more?

None

One period

Two or more periods

2 9 .  a) What is your
present weight? 
[approximately]

b) How much did you 
weigh at the age  
of 25?
[approximately]

Stones lbs

Stones lbs

3 0 .  In the last 12 months how 
many days were you off work 
for health reasons?

Days

3 1 .  How many hours of sleep do you have on 
an average week night?

5 hours or less

6 hours

7 hours

8 hours

9 hours or more

3 2 . In the last 14 days have you taken any of these medicines 
prescribed by a doctor?

Yes No

a) Pain killers 1 2

b) Medicines for indigestion 1 2

c) Tranquillisers 1 2

d) Sleeping pills 1 2

e) Antidepressants 1 2

f) Laxatives (bowel opening medicine) 1 2

g) Other medicines prescribed by a 1 2  
doctor (Please specify)

h) In the last 2 weeks have you taken
other medicines not prescribed by a doctor
(e.g. tonics or cough syrup)

1

If Yes, please specify:

If MALE go to Question 38

10



FOR WOMEN ONLY

3 3 .  a) Are you taking any contraceptive pills?

Yes 1

No 2

If No, go to Question 34

If Yes
b) At wfiat age did you 

first start?

c) For how many years 
altogether have you 
taken the pill?

d) Which pill are you currently 
taking? Specify brand

GO TO QUESTION 35

age

years

IF NOT NOW TAKING CONTRACEPTIVE PILLS

3 4 .  a) Did you ever take contraceptive pills?

Yes

No

If No, go to Question 35

If yes,

b) For how many years 
altogether did you 
take contraceptive 
pills? years

3 5 .  a) Are you still having your periods?

Yes

No

If Yes, go to Question 36

If No,

b) At what age did you 
stop?

age

c) What was the cause of menopause?

Natural menopause 1

Hysterectomy
(removal of womb only) 2

Hysterectomy plus
removal of ovaries 3

d) Have you ever had hormone 
replacement therapy?

Yes

No

If No, go to Question 36

If Yes,

e) For how many months?

f) Please specify the name 
of the tablets

g) Are you still taking hormone 
replacement therapy?

number

Yes

No

11



36. a) Do you suffer from menopausal symptoms? 
(Change of life)

Yes 1

No 2

If No, go to Question 37

If Yes,
What symptoms do you suffer from?

Yes 
a lot

Yes
Somewhat

Yes 
a little

No 
Not at all

b) Hot flushes 1 2 3 4

c) Depression 1 2 3 4

d) Sleep disturbance 1 2 3 4

e) Bone pains 1 2 3 4

f) Other 1 2 3 4

If Other, please specify: 

f you are still having peric37. )ds do you suffer from any premenstrual symptoms?

Yes 
a lot

Yes
Somewhat

Yes 
a little

No 
Not at all

a) Irritability 1 2 3 4

b) Swelling or weight 
gain (bloated feeling) 1 2 3 4

c) Breast tenderness 1 2 3 4

d) Other 1 2 3 4

If other, (please specify)

38. a) All things considered how satisfied or dissatisfied are you with your present state of health? 
Please circle one of the numbers on the 1-7 scale below to show how satisfied 
or dissatisfied you feel:—

Very Moderately Slightly No feelings 
dissatisfied dissatisfied dissatisfied either way

Slightly
satisfied

Moderately
satisfied

Very
satisfied

1 2  3 4 5 6 7

b) Which one of the following statements 
best reflects your view on reducing the 
chances of having a heart attack?

(circle one only)

There is very little you can do for yourself, 
it is fate or bad luck 1

There are certain things you can do for yourself,
which might help reduce the chance of a heart attack 2

These are certain things you can do for yourself
which will definitely help reduce the chance of a heart attack 3

12



SMOKING HABITS

3 9 .  a) Do you smoke cigarettes now? 
(i.e. not cigars/pipe)

Yes

No

|if No, go to Question 40 j 

If Yes,
b) What kind of cigarettes do you 

smoke?

Manufactured with filters 

Manufactured without filters 

Hand rolled

c) How many manufactured 
cigarettes do you smoke 
per day?

and/or

d) About how many ounces 
of tobacco do you use 
per week for handrolled 
cigarettes?

GO TO QUESTION 41

circle all 
that apply

1

2

3

cigarettes

4 0 .  a) If not a present cigarette smoker did you
smoke in the past?

Yes

No

|lf No, go to Question 42 |

If Yes,
b) How many manufactured 

cigarettes did you smoke 
per day?

and/or
c) How many ounces of 

tobacco did you use per 
week for handrolled 
cigarettes?

d) How old were you when 
you stopped smoking?

cigarettes

age

4 1  . How old were you when you 
started smoking?

age

4 2 . a) Do you smoke cigars?

I If No, go to Question 42c

Yes 1

No 2

If Yes.
b) How many cigars per week?

cigars

c) Do you smoke a pipe?

Yes 1

No 2

If Yes,
d) How many ounces of 

tobacco do you smoke 
per week? ounces

DRINKING HABITS

4 3 .  a) In the past 12 months have 
you taken an alcoholic drink:

Twice a day or more

circle one 
only 

1

Almost daily 2

Qnce or twice a week 3

Qnce or twice a month 4

Special occasions only 5

No 6

b) In the last-5-years-have you 
changed your drinking habits?

Yes

No

If No, go to Question 44

If Yes,
c) Compared with your current 

habits did you drink?

A lot more

A bit more

A bit less

A lot less

Continued
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Continued

d) If you have given up or reduced 
drinking, what was the main reason?

Illness/doctor’s orders
circle one only 

1

Health precautions 2

Finance 3

Other (please specify) 4

IF YOU ARE A NON DRINKER PLEASE 
GO TO QUESTION 46

4 4 . a) Have you had an alcoholic drink in 
tt\e last seven days?

Yes 1

No 2

|lf No, go to Question 45 (

If Yes,

In the last seven days how many 
drinks nave you hao ct each 
of the following?
(please remember that a 
drink poured at home could 
be equivalent to 2 or 3 
pub measures]

[If none write 0]
b) Spirit (whisky, gin, rum, 

brandy, vodka etc) or 
liqueurs.

m easures

c) Wine (including sherry, 
port, vermouth)

d) Beer (including lager 
or cider)

glasses

pints

4 5 . a) When you drink spirits or wine
how many drinks do you usually have 
during one occasion?
[If you have both wine and spirits, add 
them together — e.g. 1 measure of whisky 
and 2 g lasses of wine =  3]

1 - 2 1

3 - 4 2

5 or more 3

1 don’t drink spirits 
or wine 4

b) When you drink beer how 
many pints do you usually 
have during one occasion?

1 - 2 1

3 - 4 2

5 or more 3

1 don’t drink beer 4

c) What is the maximum quantity 
or wine/spirits you would drink 
at one sitting?
[If none write 0]

wine/spirits

d) What is the maximum quantity 
of beer you would drink 
during one occasion?
[If none write 0\

No. o f 
drinks

beer

pints

e) In what circumstances are you 
most likely to drink the maximum 
you might drink?

Yes No

Social occasions 2

When bored 2

When under pressure 2

When upset about something 2

Other (please specify) 2

COFFEE AND TEA CONSUMPTION

The following questions about your regular 
beverage apply to work as well as home.

IF YOU DO NOT DRINK TEA OR COFFEE 
GO TO QUESTION 47

4 6 . How many cups of tea and coffee 
on average do you drink every day?

a) Tea
[If none, write 0]

b) Coffee
[If none, write 0]

cups

cups

IF YOU DO NOT DRINK COFFEE GO TO QUESTION 47

14



If you drink coffee:

4 6 .  c) What sort of coffee do you mostly drink?

(Circle one only)

Instant 

Filtered 

Percolated 

Decaffeinated 

Other (specify)

FOOD CONSUMPTION

Please answer the following questions about 
your food hatMts (if you are not sure 
you may discuss this question with the 
person responsible for buying and cooking 
your food.)

4 7 .  a) What type of bread do you eat 
most frequently?

White

Wholemeal

Granary or wheatmeal

Other brown

Both brown and white

b) How many slices of bread 
do you usually eat daily?

Circle one only 

1 

2

3

4

5

c) What type of butter or margarine do 
you use most frequently?

d )

None 

1 - 2

1

2
Whole Milk (silver/ 
red top or sterilised) 3

3 - 6 3 Skimmed milk 4

7 - 12 4 Semi-Skimmed milk 5

13 slices or more 5 Other (please specify) 6

Butter

Hard margarine

Soft margarine

Margarine high in 
polyunsaturates 
(e.g. Flora)

Low calorie spread 
( e g  Outline)

Rarely use butter 
or margarine

The drawing below shows cubes of 
butter or margarine in true scale. 
Pick the cube which most resembles 
the average amount you use for one 
slice of bread. If in doubt try 
buttering a slice (do not place 
butter or margarine on the 
questionnaire]

Circle one only

2

3

e) What type of milk do you 
usually use?

Do not use milk

Circle one only 

1

Channel Islands 
Whole Milk (gold top)

Continued
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C ontinued

M H o w  m u c h  m ilk  do  yo u  yo u rs e lf u se  da ily?  
id n n k in g  a n d  in co o k in g ). P lease  
e s t im a te  y o u r  s h a re  o f the  h o u se h o ld  
s u p p ly  a n d  w h a t vou  m ig h t d r in k  at 
w o rk  o r e ls e w h e re

N o n e  1

H a lf a p in t or less  2

O v e r  ha lf, up  to one  p in t 3

O v e r 1 up to  2 p in ts  4

M o re  th a n  2 p in ts  5

11 H o w  o fte n  d o  yo u  use  c re a m ?  

S e ld o m  o r  n e ve r 

L e s s  th a n  o n c e  a m on th  

1 - 3 t im e s  a m on th

1 - 2 tim e s  a w e ek

3 - 4 tim e s  a w e ek

5 - 6 tim e s  a  w e e k

7 o r  m o re  t im e s  a w e e k

h) H o w  o fte n  d o  y o u  use  ch e e se ?

Seldom or never 1

Less than once a month 2

1 - 3 times a month 3

1 - 2 times a week 4

3 - 4 times a week 5

5 - 6 times a week 6

7 or more times a week 7

i) How often does your meal consist 
of fish or fish dishes?

Seldom or never 1

Less than once a month 2

1 - 3 times a month 3

1 - 2 times a week 4

3 - 4 times a week 5

5 - 6  times a week 6

7 or more times a week 7

j) How often do you eat fresh fruits
or vegetables?

Seldom or never 1

Less than once a month 2

1 - 3 times a month 3

1 - 2 times a week 4

3 - 4 times a week 5

5 - 6 times a week 6

Daily 7

2 or more times a day 8

k) How often do you eat meals containing
meat (not fish or poultry)?

Seldom or never 1

Less than once a month 2

1 - 3 times a month 3

1 - 2 times a week 4

3 - 4 times a week 5

5 - 6 times a week 6

7 or more times a week 7

1) How often do you eat eggs?

Seldom or never 1

Less than once a month 2

1 - 3 times a month 3

1 - 2 times a week 4

3 - 4 times a week 5

5 - 6  times a week 6

7 or more times a week 7

m) How often do you eat breakfast cereals?

Seldom or never 1

Less than once a month 2

1 - 3 times a month 3

1 - 2 times a week 4

3 - 4  times a week 5

5 - 6  times a week 6

7 or more times a week 7

I  If Never, go to Question 48
Continued
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Continued

n) Which of the following breakfast 
cereals do you eat nowadays? 
(Circle one only)

Allbran

Muesli

Weetabix

Branflakes

Puffed wheat

Other cereal (specify)

PHYSICAL ACTIVITY

4 8 . How often do you take part in sports or activities that are:

a) Mildly energetic
(e.g. walking, woodwork, 
weeding, hoeing, bicycle 
repair, playing darts, 
general housework)

b) Moderately energetic
(e.g. scrubbing, polishing 
car, chopping, dancing, 
golf, cycling, decorating, 
lawn mowing, leisurely 
swimming).

c) Vigorous
(e.g. running, hard 
swimming, tennis, squash, 
digging, cycle racing)

3 times a week once or twice about once Never/ 
or more a week to three times Hardly ever

a month

P lease give the average number of 
hours per week you spend in such 
sports or activities.

d) Mildly energetic

e) Moderately 
energetic

P lease give details of 
these activities:

hours

hours

f) Vigorous hours

17



WORK CHARACTERISTICS

4 9 . The following questions are about your work. For each please circle the one answer that best describes your job 
or the way you deal with problems occurring at work,

[please answer all questions |

Concerning your particular work:

a) Do you have to work 
very fast?

b) Do you have to work 
very intensively?

c) Do you have enough time 
to do everything?

d) Are your tasks such that 
others can help you if 
you do not have enough 
time?

e) Do you have the possibility 
of learning new things 
through your work?

f) Does your work demand 
a high level of skill
or expertise?

g) Does your job require 
you to take the initiative?

h) Do you have to do the 
sam e thing over and over 
again?

i) Do you have a choice in 
deciding HOW you do your 
work?

j) Do you have a choice in 
deciding WHAT you do at 
work?

Often Sometimes Seldom Never/
Almost never

18



5 0 .  About your position at work — how often do the following statements apply? 
[please answer all questions |

Often Sometimes Seldom Never/ 
Almost never

a) Others take decisions 
concerning my work

b) I have a good deal of 
say in decisions about 
work

c) I have a say in my own 
work speed

d) My working time can 
be flexible

e) I can decide when to 
take a break

f) I can take my holidays 
more or less when I 
wish

g) I have a say in choosing 
with whom I work

h) I have a great deal of 
say in planning my work 
environment

5 1 .  If problems occur at work concerning the way the job should be done, how are they solved? 
[please answer all questions |

Often Sometimes Seldom

a) By discussing it at 
a meeting

b) By discussing it with 
a superior

c) By discussing it with 
colleagues at work

d) By discussing it with 
colleagues out of 
work time

Never/ Not
Almost never Applicable

e) By discussing it with 
trade union 
representatives

f) Others take decisions 
and just tell me how 
to do my job.
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5 2 . About consistency and clarity regarding your job

[please answer all questions |

Often Sometimes Seldom Never Not
Applicable

a) Do different groups at 
work demand things 
from you that you think 
are hard to combine?

1 2 3 4 5

b) Do you get sufficient 
information from line 
management? (your 
superiors)

1 2 3 4 5

c) Do you get consistent 
information from line 
management? (your 
superiors)

1 2 3 4 5

d) Are you uncertain about 
the best way of doing 
your job?

1 2 3 4 5

e) Do you ever get praised 
for your work? 1 2 3 4 5

f) Do you ever get criticised 
constructi''ely? 1 2 3 4 5

g) Do you ever get criticised 
unfairly? 1 2 3 4 5

5 3 Regarding job involvement 

[please answer all questions]

Often Sometimes Seldom Never Not
Applicable

a) Does your job provide 
you with a variety of 
interesting things?

1 2 3 4 5

b) Is your job too varied 
and split up? 1 2 3 4 5

c) Is your job boring? 1 2 3 4 5

d) Do you consider your 
job very important? 1 2 3 4 5

e) Do you feel your immediate 
superior considers your 
job very important?

1 2 3 4 5

f) Do your colleagues 
consider your job very 
important?

1 2 3 4 5

g) How often do you wish 
that you were doing a 
different job?

1 2 3 4 5

h) How often do you feel 
that you are doing your 
job only for the money?

1 2 3 4 5
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54 . When you are having difficulties in your work: 

[please answer all questions |

Often Sometimes Seldom Never Not
Applicable

a) How often do you get help
and support from your 1 
colleagues?

2 3 4 5

b) How often are your 
colleagues willing to 
listen to your work
related problems? 1 2 3 4 5

c) How often do you get help
and support from your 1 
immediate superior?

2 3 4 5

d) How often is your
immediate superior l 
willing to listen to 
your problems?

2 3 4 5

e) How often can you delegate
work effectively to 1 
your juniors?

2 3 4 5

f) How often can you get
support from your trade 1 
union representative?

2 3 4 5

55. If you were to be treated unfairly or to come into conflict with your boss or supervisor, what would be your 
immediate reaction?

[please answer all questions \

Often Sometimes Seldom Never or 
Almost Never

a) Let it pass without saying anything 1 2 3 4

b) Walk away feeling strongly but not saying anything 1 2 3 4

c) Say something at once 1 2 3 4

d) Reason with the person 1 2 3 4

e) Become angry 1 2 3 4

W hat happens then? Often Sometimes Seldom Never or 
Almost Never

f) Forget about it 1 2 3 4

g) Talk to the person when you have calmed down 1 2 3 4

h) Complain to a colleague 1 2 3 4

i) Go to som eone higher in position 1 2 3 4

j) Go to trade union representative 1 2 3 4

k) Feel ill (headache, stomach ache etc.) 1 2 3 4

1) Become miserable 1 2 3 4

m) Get angry and short tempered at home 1 2 3 4

n) Contemolate revenge 1 2 3 4
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5 6 .  About your job in general. How satisfied have you been with the following:

Satisfied Dissatisfied

a) Your usual take

Very
Satisfied

Very
Dissatisfied

home pay 1 2 3 4

b) Your work prospects 1 2 3 4

c) The people you 
work with 1 2 3 4

d) Physical working 
conditions 1 2 3 4

e) The way your 
department is run 1 2 3 4

f) The way your abilities 
are used 1 2 3 4

g) The interest and skill 
involved in your job 1 2 3 4

h) Your job as a whole 
taking everything 
into consideration

1 2 3 4

5 7 .  a) Do you work with visual display units (VDU’s) or desk top 
television screens?

No
|lf No, go to Question 57e|

If Yes,

b) When did you first start?

c) How many months you have worked 
with VDU?

d) On average how many hours per week 
do you use a VDU?

e) Do you use a Home Computer or play 
video games?

[if No, go to Question~58

If Yes,
f) On average how many hours do 

you spend on it per week?

1 9
year

months

hours 

Yes 1

No 2

hours
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HERE IS A LIST OF SEVERAL TRAITS OR QUALITIES

5 8 .  For each will you circle the appropriate number to show whether each trait describes you very well, fairly well, 
somewhat or not at all.
{Please answer all questions]

Very
Well

Fairly
Well

Somewhat Notât
all

a) Being bossy or
dominating 1 2 3 4

b) Having a strong 
need to excel 
(be best) in most
things 1 2 3 4

c) Usually being
pressed for time 1 2 3 4

d) Being hard driving
and competitive 1 2 3 4

e) Eating too quickly 1 2 3 4

Now we want to know how you have generally felt at the end of an average day at work:

Yes No

f) Have you often felt very pressed for time? 1 2

g) Has your work often stayed with you so that 
you were thinking about it after working hours? 1 2

h) Has your work often stretched you to the very 
limits of energy and capacity? 1 2

i) Have you often felt uncertain, uncomfortable 
or dissatisfied with how well you were doing 
in your work? 1 2

Finally in this section:

j) Do you get quite upset when you have to wait 
for anything? Yes 1

No 2

k) When you are faced with slow people, do you 
feel agitated or irritable?

Not at all 

Somewhat

1

2

Very much 3

1) When you are being held up in a queue 
do you feel agitated or irritable?

Not at all 

Somewhat

1

2

Very much 3
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SOCIAL LIFE

5 9 . This section concerns people in your life who you feel close to and from whom you can obtain support 
(either emotional or practical) including close relatives and good friends.

How many people do you feel very close to? (It does not matter where they live or whether you have seen  
them recently).

PLEASE WRITE NUMBER IN THIS BOX

Who have you felt closest to in the last 12 months? Please describe in terms of their relationship to you; 
(e.g. WIFE, SON. AUNT, BOYFRIEND. MALE FRIEND. FEMALE FRIEND). Remember these are just 
examples and we would like you to write in whoever you feel closest to. If you feel close to more than one 
person, please list up to four below:—

WRITE IN THE PEOPLE YOU
ARE CLOSEST TO HERE:— C losest..............................................................

Only one person  
on each  line please

Second person 

Third person 

Fourth person

IF YOU ARE MARRIED NOW AND HAVE NOT PUT YOUR HUSBAND/WIFE IN ALREADY PLEASE 
INCLUDE HIM/HER ON THE FIFTH LINE

Fifth

On the opposite page please tell us how you would rate the practical and emotional support each of the 
people you have listed above provide for you. (Each column refers to one of the persons you listed above) 
Rate each person on the scale from l - 4 to show how well they have provided each stated type of support 
from (a - n) IN THE LAST 12 MONTHS

1

Not at all

2

A little

3

Quite a lot A great deal

for exam ple:—

If  the person you are closest to is your wife and the second a male friend, the

Closest
Person

Second
Person

Write in the people you are closest to here:—

a) . . . How much in the last 12 months . . . 
did this person give you information, 
suggestions and guidance that you 
found helpful?

4 - %

i. e. "a great deal" from wife, “a little” from friend. Of course, this is only an example. Please complete each  
row  a - n o n  the 1 - 4 scale for the people listed above.
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Rate each person on the scale from 1 - 4 to show how well they have provided each stated type of support: 
1 = not at all. 2 = a little. 3 = quite a lot. 4 = a great deal

Write in the people you are closest to here:—

Closest
Person

Second
Person

Third
Person

Fourth
Person

Spouse 
[if not 

already 
covered]

a) . . . How much in the last 12 months . . . 
did this person give you information, 
su g g estio n s and guidance that you 
found helpful?

b) . . . How much in the last 12 months . . .  
could you rely on this person (was this 
person there when you needed 
him/her?)

c) . . . How much in the last 12 months . . . 
did this person make you feel good  
about yourself?

d) . . . How much in the last 12 months . .  . 
did you share interests, hobbies 
and fun with this person?

e) . . . How much in the last 12 months . . . 
did this person give you worries, 
problem s and stress?

This section is about confiding in people, that 
Rate each person on the scale from 1 - 4 to sh 
1 = not at all. 2 = a little. 3 = quite a lot.

Write in the people you are closest to here:—

is talking fra 
ow how well 
4 = a great

Closest
Person

nkly or shah 
they have pr 
leal.

Second
Person

ig feelings v 
ovided eacf

Third
Person

vith them, 
stated type

Fourth
Person

of support:

Spouse 
[if not 

already 
covered]

f) . . . How much in the last 12 months . , ,  
did you want to confide in (talk frankly, 
share feelings with this person)?

g ) . . .  How much in the last 12 months . , ,  
did you confide in this 
person?

h ) . . .  How much in the last 12 months . . ,  
did you trust this person 
with your most personal 
worries and problems?

I) . . .  How much in the last 12 months . . .  
would you have liked to have 
confided more in this 
person?

j) . . .  How much in the last 12 months , , ,  
did talking to this person 
make things worse?

k) . . . How much in the last 12 months . ,  . 
did he/she talk about his/her 
personal worries with you?
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This section is about major and minor practical support. Rate each person on the scale from 1 - 4 to show how well 
they provided each stated type of support:

W rite in the people you are closest to here:—

Closest
Person

Second
Person

Third
Person

Fourth
Person

[if not 
already 

covered]

1) . . . How much in the last 12 months . . . 
did you need practical help from this 
person with m a jo r things (e.g. look 
after you when ill. help with finances, 
children)?

m) . . . How much in the last 12 months . .. 
did this person give you 
practica l help with m a jor 
things?

n) . . .  How much in the last 12 months . . .  
would you have liked m ore practical 
help with major things from this person?

o) . . . How much in the last 12 months . . .  
did this person give you 
practica l help with sm all 
things when you needed it?
(e.g. chores, shopping, 
watering plants etc.)

Continued
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Continued We would also like a few details on each of these people:-

Write in the people you are closest 
to here:—

p) How old are they? (in years)?

Closest
Person

Seconc
Persor

Third
Person

Fourth
Person

spouse 
[if not 

already 
covered1

q) What sex are they? M M M M M
(male/female) F F F F F

r) What is their marital M M M M
status (married, single S S S S
other)? 0 0 0 0

s) Do they have children
aged 16 or under now? Yes Yes Yes Yes Yes
(Yes/No) No No No No No

t) How long have you
known them? (in years)

u) Did they have further
education after 18 years?

Yes 1 1 1 1 1
No 2 2 2 2 2
Don’t know 3 3 3 3 3
Not applicable 4 4 4 4 4

v) Do they work with you? Yes Yes Yes Yes Yes
(Yes/No) No No No No No

w) About how many days did you
see them in the last
year(1 -365)?

x) How close do they live
to you (with you. or
number of miles away)?

y) All things considered how satisfied or dissatisfied are you overall with your own personal relationships? 
Please circle one of the numbers on the 1 - 7 scale below to show how satisfied or dissatisfied you feel:-

Very
dissatisfied

Moderately A little No feelings 
dissatisfied dissatisfied either way

A little 
satisfied

Moderately
satisfied

Very
satisfied

z) All things considered how satisfied or dissatisfied are you with the way you spend your leisure time? 
Please circle one of the numbers on the 1 - 7 scale below to show how satisfied or dissatisfied you feel:—

Very
dissatisfied

Moderately
dissatisfied

A little 
dissatisfied

No feelings 
either way

A little 
satisfied

Moderately
satisfied

Very
satisfied
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60 . a) Amongst your family and friends 
how many people are available to 
you with whom you talk frankly 
without having to watch what you 
say?'?

None 1

1 - 2 2

3 - 5 3

6 - 10 4

More than 10 5

b) Are there times when you are 
comforted by being held in 
someone’s arms?

Almost daily 1

About once/week 2

About once/month 3

Never 4

61 a) Are there any relatives outside
your household who you regularly 
visit or who visit you?
[not necessarily the same person 
each time]

Almost daily

About once/week

About once/month

Once every few 
months

Never/almost never

No relatives 
outside household

If No relatives outside household
go to Question 62 ___________

b) How many relatives do you 
see once a month or more?

None 1

1 - 2 2

3 - 5 3

6 - 10 4

More than 10 5

62 . How often do you ever see anyone from work, 
socially out of work hours?
(Excludes casual lunchtime meetings)

Almost daily 1

About once/week 2

About once/month 3

Once every few 4 
months

Never/almost never 5

63 . a) Do you have any friends or 
acquaintances you visit or 
who visit you? (not necessarily 
the same person each time)

Almost daily 1

About once/week 2

About once/month 3

Once every few 4
months

Never/almost never 5

b) How many friends or acquaintances 
do you see once a month or more?

None 1

1 - 2 2

3 - 5 3

6 - 10 4

More than 10 5

c) Do you have any friends or
acquaintances with whom you are 
in contact only by telephone or letter?

Almost daily 1

About once/week 2

About once/month 3

Once every few 4
months

Never/almost never 5

64 . How often do you attend religious 
services?
(apart from weddings and funerals) 

Almost daily 1

About once/week 2

About once/month 3

Once every few 4
months

Never/almost never 5

28



65. Do you do any voluntary work for 
other people (e.g. visiting sick, 
disabled or elderly, belonging 
to Friends of the Hospital etc.)?

Almost daily 1

About once/week 2

About once/month 3

Once every few 
months

4

Never/almost never 5

6 6 .  a) Do you belong to any clubs or 
organisations? (Social or 
recreational groups, trade union, 
commercial groups, professional 
organisations, political parties, 
sports clubs, cultural groups, 
pressure groups etc.)

Yes 1

No 2

1 If No, go to Question 67 |

If Yes,
b) Taking all of the above together, 

how often do you attend?

Almost daily 1

About once/week 2

About once/month 3

Once every few 
months

4

Never/almost never 5

67. How often do you have parties at
home? (including small dinner parties]

4 or more times a week 1

About once/week 2

About once/month 3

Once every few 
months

4

Never/almost never 5

6 8 .  a) Do you have any hobbies?
(other than \watching TV or reading 
the newspaper)

Yes

No

If No, go to Question 69

If Yes,

b) In an average week how much 
time do you spend on your 
hobbies?

hours

Please specify your hobbies.

69 . How often do you have the feeling 
that there is little meaning in the 
things you do in your daily life?

Often 1

Sometimes 2

Seldom 3

Almost never 4

7 0 .  When you have difficulties in 
important aspects of your life, 
do you feel you will succeed in 
overcoming them?

Often 1

Sometimes 2

Seldom 3

Almost never 4

7 1 .  How often do you have the feeling 
that you do not have a clear idea 
of how your personal life will work 
out?

Often 1

Sometimes 2

Seldom 3

Almost never 4
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7 2 . a) All things considered how satisfied or dissatisfied are you with your standard of living?
Please circle one of the numbers on the 1 - 7  scale below to show how satisfied or dissatisfied you feel:-

Very Moderately A little No feelings 
dissatisfied dissatisfied dissatisfied eitfierway 

1 2  3 4

A little 
satisfied 

5

Moderately
satisfied

6

Very
satisfied

7

b) All things considered how satisfied or dissatisfied are you with your present accommodation?
Please circle one of the numbers on the 1 - 7 scale below to show how satisfied or dissatisfied you feel:-

Very Moderately A little No feelings 
dissatisfied dissatisfied dissatisfied either way 

1 2  3 4

A little 
satisfied 

5

Moderately
satisfied

6

Very
satisfied

7

7 3 . Below are five statements with which you may agree or disagree. Using the 1 - 7 scale below, 
indicate your agreement with each item by circling the appropriate number.

Strongly Disagree Slightly Neither agree Slightly 
disagree disagree nor disagree agree

Agree Strongly
agree

a) In most ways my life
is close to my ideal 1 2 3 4 5 6 7

b) The conditions of my
life are excellent 1 2 3 4 5 6 7

c) 1 am satisfied with
my life 1 2 3 4 5 6 7

d) So far 1 have got the
important things 1 want 1 2 
in life

3 4 5 6 7

e) If 1 could live my life 
over again 1 would
change almost nothing 1 2 3 4 5 6 7

7 4 . This Section is about the way you are feeling these days. Please answer each question by circling the 
number which most nearly applies to you.

During the past few weeks did you feel:

Notât
ail

A
little

Quite 
a lot

A great 
deal

a) Particularly excited or 
interested in something 1 2 3 4

b) So restless you could not 
sit long in a chair 1 2 3 4

c) Proud because someone complimented 
you on something you had done 1 2 3 4

d) Very lonely or remote 
from other people 1 2 3 4

e) Pleased about having 
accomplished something 1 2 3 4

f) Bored 1 2 3 4

g) On top of the world 1 2 3 4

h) Depressed or very unhappy. 1 2 3 4

i) That things were going your way 1 2 3 4

j) Upset because someone criticised you 1 2 3 4
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7 5 - 7 8 .  The following is a list of things that can happen to people. Try to think back over the past 12 months and 
remember if any of these things happened to you and, if so. how much you were upset or disturbed by it?

Very Moderately Not too Not at
much much all

a) Personal serious illness, 
injury or operation 

Yes 1
No 2

If Yes,
How much did it upset you? 1 2 3 4

b) Death of a close relative 
or friend

Yes 1 
No 2

If Yes,
How much did it upset you? 1 2 3 4

c) Serious illness, injury or 
operation of a close relative 
or friend

Yes 1 
No 2

If Yes,
How much did it upset you? 1 2 3 4

d) Major financial difficulty 
Yes 1 
No 2

If Yes,
How much did it upset you? 1 2 3 4

e) Divorce, separation or break up 
of personal intimate relationship 

Yes 1 
No 2

If Yes,
How much did it upset you? 1 2 3 4

f) Other marital or family 
problem

Yes 1 
No 2

If Yes,
How much did it upset you? 1 2 3 4

g) Any mugging, robbery, accident 
or similar event

Yes 1 
No 2

If Yes,
How much did it upset you? 1 2 3 4

h) Change of job or residence 
Yes 1 
No 2

If Yes,
How much did it upset you? 1 2 3 4
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79. For each of the following questions on common concerns 
of everyday living circle one answer;
(If the question does not apply to you please circle 
not applicable)

a) How often do you wonder if your children are turning out 
the way you hoped?

Always 1
Often 2
Sometimes 3

Seldom 4

Never 5

Not Applicable 6

b) How often do your children fail to get along with others 
of the same age?

Always 1
Often 2
Sometimes 3

Seldom 4

Never 5

Not Applicable 6

c) How often do you have worries or problems with other 
relatives (e.g. parents or in-laws)?

Always 1
Often 2
Sometimes 3

Seldom 4

Never 5

Not Applicable 6

d) How often do you have to spend time looking after 
aged or disabled relatives?

Very often 1
Often 2
Sometimes 3

Seldom 4

Never 5

Not Applicable 6

e) How often does it happen that you do not have 
enough money to afford the kind of food or clothing 
you/your family should have?

Always 1

Often 2

Sometimes 3

Seldom 4

Never 5

Not Applicable 6

f) How much difficulty do you have in meeting the 
payment of bills?

Very great 1

Great 2

Some 3

Slight 4

Very little 5

g) To what extent do you have 
housing?
(e.g. too small, repairs, damp etc.)

problems with your

Very great problems 1

Great 2

Some 3

Slight 4

Very little 5

h) To what extent do you have problems with the 
neighbourhood in which you live? (e.g. noise, unsafe 
street, few local facilities)

Very great problems 1

Great 2

Some 3

Slight 4

Very little 5

How strongly do you agree or disagree that:

i) Generally 1 give in more to my spouse’s wishes 
than he/she gives in to mine

Strongly agree 1

Agree 2

Not sure 3

Disagree 4

Strongly disagree 5

Not applicable 6
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GENERAL HEALTH QUESTIONS

Please read this carefully:
We should like to know If you have had any medical complaints, and how your health has been in general, over the 

past few weeks. Please answer ALL the questions on the following pages simply by circling the answer which you 
think most nearly applies to you. Remember that we want to know about present and recent complaints, not those that 
you had in the past.

It is important that you try to answer ALL the questions.

HAVE YOU RECENTLY:—

80. —  been able to concentrate
on whatever you're doing?

Better 
than usual 

1

Same 
as usual 

2

Less 
than usual 

3

IVIuch less 
than usual 

4

81. —  lost much sleep over worry? Not at all No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

82. — been having restless, 
disturbed nights?

Not 
at all

1

No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

83. — been managing to keep your
self busy and occupied?

More so 
than usual 

1

Same 
as usual 

2

Rather less 
than usual 

3

Much less 
than usual 

4

84. — been getting out of the 
house as much as usual?

More so 
than usual 

1

Same 
as usual 

2

Less 
than usual 

3

Much less 
than usual 

4

85. —  been managing as well as
most people would in your shoes?

Better 
than most 

1

About 
the same 

2

Rather less 
well 

3

Much less 
well 

4

86. —  felt on the whole you were doing
things well?

Better 
than usual 

1

About 
the same 

2

Less well 
than usual 

3

Much 
less well 

4

87, — been satisfied with the way you've
carried out your task?

More
satisfied

1

About same Less satisfied 
as usual than usual

Much 
less satisfied 

4

88. —  been able to feel warmth and affection
for those near to you?

Better 
than usual 

1

About same 
as usual 

2

Less well 
than usual 

3

Much 
less well 

4

89, —  been finding it easy to get on
with other people?

Better 
than usual 

1

About same 
as usual 

2

Less well 
than usual 

3

Much 
less well 

4

90. —  spent much time chatting
with people

More time 
than usual 

1

About same 
as usual 

2

Less time 
than usual 

3

Much less 
than usual 

4

91. —  felt that you are playing
a useful part in things?

More so 
than usual 

1

Same 
as usual 

2

Less useful 
than usual 

3

Much less 
useful 

4
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HAVE YOU RECENTLY:—

92. — felt capable of making decisions
about things?

More so 
than usual 

1

Same 
as usual 

2

Less so 
than usual 

3

Much less 
capable 

4

93. -  felt constantly under 
strain?

Not 
at all 

1

No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

94. — felt you couldn't overcome
your difficulties?

Not 
at all 

1

No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

95. — been finding life a struggle 
all the time?

Not 
at all 

1

No more 
than usual 

2

Rather more 
than usual 

3

Much more 
then usual 

4

96. — been able to enjoy your normal
day-to-day activities?

More so 
than usual 

1

Same 
as usual 

2

Less so 
than usual 

3

Much less 
than usual 

4

97. — been taKing things hard? Not 
at all 

1

No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

98. — been getting scared or panicky
for no good reason

Not 
at all 

1

No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

99. —  been able to face up to
your problems?

More so 
than usual 

1

Same 
as usual 

2

Less able 
than usual 

3

Much less 
able 

4

100. — found everything getting on
top of you?

Not 
at all 

1

No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

101. —  been feeling unhappy and
depressed

Not 
at all 

1

No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

102. —  been losing confidence in
yourself?

Not 
at all 

1

No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

103. —  been thinking of yourself
as a worthless person?

Not 
at all 

1

No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

104. — felt that life is entirely 
hopeless?

Not 
at all 

1

No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

105. —  been feeling hopeful about
your own future?

More so 
than usual 

1

About same 
as usual 

2

Less so 
than usual 

3

Much less 
hopeful 

4
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HAVE YOU RECENTLY:—

106. — been feeling reasonably happy,
all things considered?

More so 
than usual 

1

About same 
as usual 

2

Less so 
than usual 

3

Much less 
than usual 

4

107. — been feeling nervous and
strung-up all the time?

Not 
at all 

1

No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

108. — felt that life isn't worth living? Not 
at all 

1

No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

109. — found at times you couldn’t do
anything because your nerves 
were too bad?

Not 
at all

No more 
than usual

Rather more 
than usual

Much more 
than usual

110 . Below are some of the statements which describe people’s beliefs and attitudes and the way they might react 
to some situations. If the statement applies to you or describes you in general, circle “ 1”  for True. If the 
statement does not describe you circle “ 2”  for False,

TRUE

When someone does me a wrong I feel I should pay him back if I can, just for the 
principle of the thing,

I prefer to pass by school friends, or people I know but have not seen for a long time, 
unless they speak to me first,

I have often had to take orders from someone who did not know as much as I did.

I think a great many people exaggerate their misfortunes in order to gain the sympathy 
and help of others.

It takes a lot of argument to convince most people of the truth.

I think most people would lie to get ahead.

Someone has it in for me.

Most people are honest chiefly through fear of being caught.

Most people will use somewhat unfair means to gain profit or an advantage rather 
than to lose it.

I commonly wonder what hidden reason another person may have for doing 
something nice for me.

It makes me impatient to have people ask my advice or othenwise interrupt me 
when I am working on something important.

I feel that I have often been punished without cause.

Some of my family have habits that bother and annoy me very much.

My way of doing things is apt to be misunderstood by others.

I don’t blame anyone for trying to grab everything he can get in this world.

No one cares much what happens to you.

It is safer to trust nobody,

I do not blame a person for taking advantage of someone who lays himself open to it.

FALSE

Continued

35



19

20 

21 

22

23

24

25

26

27

28

29

30

31

32

33

34

I have often felt that strangers were looking at me critically.

Most people make friends because friends are likely to be useful to them.

I am sure I am being talked about.

I am likely not to speak to people until they speak to me.

Most people inwardly dislike putting themselves out to helo other people.

I tend to be on my guard with people who are somewhat more friendly than 
I had expected.

I have sometimes stayed away from another person because I feared doing or saying 
something that I might regret afterwards.

People often disappoint me.

It makes me feel like a failure when I hear of the success of someone I know well.

I have at times had to be rough with people who were rude or annoying.

People generally demand more respect for their own rights than they are willing 
to allow for others.

There are certain people whom I dislike so much that I am inwardly pleased when 
they are catching it for something they have done.

I am not easily angered.

I have often met people who were supposed to be experts who were no better than I.

I am often inclined to go out of my way to win a point with someone who has 
opposed me.

I have often found people jealous of my good ideas, just because they had not 
though of them first.

35) I have frequently worked under people who seem to have things arranged so that 
they get credit for good work but are able to pass off mistakes on to those under them.

I strongly defend my own opinions as a rule.

People can pretty easily change me even though I thought that my mind was 
already made up on a subject.

Sometimes I am sure that other people can tell what I am thinking.

Date when form completed

day month

PLEASE ADD COMMENTS BELOW OR OVERLEAF, IF YOU WISH:—

year

TO ALL RESPONDENTS 
THANK YOU VERY MUCH FOR YOUR COOPERATION
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Il Stress and Health Study jj
DEPARTMENT OF COMMUNITY MEDICINE
University College London and 
Middlesex Hospital M edical School 
( 6- 72 Gower Street 
London W CiE 6BT

CIVIL SERVICE MEDICAL ADVISORY SERVICE 
Tilbury House 
Petty France 
London SWiH 9EU

Dear Colleague,

For many years our departments have collaborated in studies on the causes and prevention of heart attacks and 
itrokes. These studies have made a major contribution to research world-wide in coronary heart disease. From 
vhat we have learnt, we can identify apparently healthy people who are at special risk through a health 
questionnaire and a simple examination.

In addition, we now have enough understanding of the eflccts of stress on health to undertake a study that will 
measure the benefits to individuals of ways of coping with stress. To do so successfully, we need to screen a large 
number of civil servants (by means of a health questionnaire and a simple examination of blood pressure, height, 
tcight, blood test and an electrocardiograph, taking in all about 25 minutes) so as to be able to identify a large 
tnough number of people who have an increased risk of coronary heart disease. We are inviting people of 
between 3 5 - 5 5  years to take part.

Those taking part will have the benefit of a health check-up as abnormalities identified during the preliminary 
icrecning will be discussed with participants and, with their agreement, notified to their general practitioners.
The results will be kept in complete confidence. Those not requiring immediate drug treatment will also have an 
upportunity to learn an alternative health strategy and to take part in further stages of the study.

hope you will participate in the survey which has been discussed with Civil Service management and trades 
unions, both centrally and locally. Participation is, of course, entirely voluntary. However, the higher the 
proportion of people who accept our invitation, the more valid our research results will be. The benefit to you 
may be the early recognition and reduction of risk to your health; the benefit to medical research is incalculable, 

commend the study to you.

yours sincerely.

Professor Michael Marmot Dr Adrian Semmence

K -------------------------------------------------------------------------------------
Please com plete this slip and return it in the enclosed addressed envelope. 
Remember to tick one o f the boxes.

Name .

I am w illing to participate. Please send me an appointment. | |

will be in your department f r o m ............................................................................ to

Please state which wcck(s) you are likely to be available ..................................

My extension number is .........................................................................

do not w ish to participate



Department o f Community Medicine

U N I V E R S I T Y  C O L L E G E  L O N D O N  A N D
T H E  M I D D L E S E X  H O S P I T A L  M E D I C A L  S C H O O L

66-72  GOWER STREET L O N D O N  WCIE 6EA

ofcssor M. G. Marmot Telephone: 01-387 7 0 5 0
Extn. 5 7 0 0

Dear

Thank you for agreeing to participate in the health survey. Please note
that your appointment for screening examination is on: -

at.

it will be in room 719, Dorset House. Stamford Street, London.

He would also like you to fill in the enclosed questionnaire and bring 
it with you when you attend. Answer what you think is right without 
consulting anyone else, except on food items where necessary. You 
should not spend too long thinking about each question. The 
questionnaire should take approximately H5~bO minutes to complete.

All records will be kept strictly confidential within the Department of 
Community Medicine and will be used for statistical purposes only. He 
are interested in learning about the characteristics associated with 
different aspects of health and disease and using them for the benefit 
of the general population. Particulars of specific individuals will not 
be given to anyone including the Civil Service or Civil Service Medical 
Advisory Service.

Please refrain from smoking and strenuous exercise for at least ten 
minutes prior to attending the examination. Permission to attend has 
been granted central1 y but do check beforehand with your supervisor that 
it will be convenient for you to be away for approximately half an hour.

One person in five will be asked to undergo a further test, consisting 
of blood pressure measurement during the performance of a visual puzzle 
task. This will take an additional twenty five minutes and it would be 
as well to ensure that if required for this test you could stay 
behind for the extra time. If there is any difficulty in keeping this 
appointment please notify Mrs Moore on the above telephone number.

Thank you for your co-operation.

Yours sincerely

Michael Marmot

Enc



 ̂ Department o f  Community Medidne 
UNIVERSITY COLLEGE L O N D O N  AND 

THE MIDDLESEX H OSPITAL MEDICAL S C H O O L
66-72 GOWER STREET L O N D O N  W C IE  6 EA

Profeswr M. G. Marmot Telephone: 01-636 9 0 8 I
Extn. 21 9

CHP/3

Dear

You recen tly  attended a screen ing  exam ination. You w ill  be pleased to 

know th a t your blood p ressu re , blood c h o le s te ro l le v e l and BCG are 

s a tis fa c to ry  and requ ire  no medical trea tm en t.

I f  you wish your re s u lts  to  be recorded in  your d o c to r 's  n o tes , p lease 
send or take the enclosed envelope to your general p ra c tlo n e r .

Yours s in ce re ly  

P rofessor M G Marmot

Enc



Department o f Community Medicine

y N I V E R S I T Y  COLLEGE L O N D O N  A N D
THE M I D D L E S E X  HOSPITAL M E D I C A L  S C H O O L

66-72 GOWER STREET LONDON WC1E6EA

Professor M. G. Marmot Telephone: 01-636 9801
Extn. 215

CHP/4 A

Dear

You recently attended a screening examination. You will be pleased 
to know that your blood pressure and blood cholesterol are 
satisfactory and require no medical treatment. However we note that 
you smoke, and may find the enclosed leaflet useful.

In the enclosed envelope there is a detailed technical report for 
your general practitioner. Please make sure he/she gets it.

Yours sincerely

Professor Michael Marmot 

Enc



Department of Community Medicine

^U N IV E R SI T Y  COLLEGE L O N D O N  A N D
THE M I D D L E S E X  H OS PIT AL ME D IC AL S C H O O L

66-72 GOWER STREET LONDON WCIE 6EA

Professor M. G. Marmot Telephone: 01-636 9081
Extn. 219

CEP/6

Dear

You re c en tly  attended fo r  a screen ing  examination* Your blood p ressu re  was 

somewhat ra ise d . While th is  may be due to  the circum stances in  which the  

measurements were made» we recommend th a t you should see your own doctor 

f a i r ly  soon* A l e t t e r  fo r  your general p ra c t i t io n e r  i s  enclosed*

Yours s in ce re ly

P ro fesso r M G Marmot

Enc
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U N l V l - K S l ' l ' Y  C O l J J U i l -  L O N D O N  A N D  
r i l l :  M l D D L H S l i X  I I O S P I F A I  M l - D l O A l  S C l l O O l

( . ( . - 7? t ; i ) \ V l K  S l U l l  I I O N  D O N  \ \  t I I  ' U A

I ’td lfs v o r M . Ci M  il m ix  I cK 'p lio iic  I I I  'M il l

l:,vm 2  1 5

C H P / 1 4

D e a r

Y o u  r e c e n t l y  a t t e n d e d  a  s c r e e n i n g  e x a m i n a t i o n .  Y o u r  b l o o d  c h o l e s t e r o l  l e v e l

w a s  s o m e w h a t  r a i s e d .  T h i s  m a y  b e * u e  t o  t h e  f a c t  t h a t  t h e  s a m p l e  w a s  t a k e n  d u r i n g  a

a  n o n - f a s t i n g  s t a t e .  Y o u r  b l o o d  p r e s s u r e  a n d  ECG a r e  w i t h i n  n o r m a l  l i m i t s .

We t h i n k  i t  a d v i s a b l e  t o  s e e  y o u r  o w n  g e n e r a l  p r a c t i t i o n e r  f o r  a  f o l l o w - u p  a n d

a  l e t t e r  f o r  h i m / h e r  i s  e n c l o s e d .

Y o u r s  s i n c e r e l y  

P r o f e s s o r  M G M a r m o t



Department of Community Medidne
U N I V E R S I T Y  C O LL EG E L O N D O N  A N D

THE M I D D L E S E X  H O S P I T A L  M E D I C A L  S C H O O L
66-72 GOWER STREET L O N D O N  WCIE 6EA

Profeuor M. G. Marmot Telephone: 01-636 908 I
Extn. 2 1 9

CHP/7

Dear D octor,

Your p a tie n t ......................................................................................................................

o f ........................................................................................................................................
recen tly  a ttended  a  card iovascu lar screen ing  exam ination c a rr ie d  out a t  

work by the  S tre s s  and Health Study Medical Team fo r  the  Dept, o f 

Community M edicine, U n iversity  College London and Middlesex H ospital 

Medical School.

The examination d id  not rev ea l any abnorm ality  re q u irin g  m edical trea tm en t, 
but in  case you wish to  record in  h is /h e r  n o te s , the find ings were as follows:

Blood p ressu re  .................................. mm Hg

Plasma C h o leste ro l (n o n -fas tin g ) ...............................   mmol/1

C ig a re tte  smoking ............................................. c ig s/day

ECG re p o rt i s  enclosed .

Yours s in c e re ly .

P ro fesso r M G Marmot



Department of Community Medidne

U N I V E R S I T Y  COLL EGE L O N D O N  A N D
T H E - M I D D L E S E X  H O SPIT A L M E D I C A L  S C H O O L

66-72 GOWER STREET LONDON WCIE 6EA

Professor M. G. Marmot Telephone: 01-636 9001
Extn. 215

CHP/8

Dear Doctor

Your p a tie n t re c en tly  a ttended  a  card iovascu lar screen ing  examaination ca rried  

out a t  work by the  S tre ss  and Health Study Medical Team, from the Dept* of 

Community Medicine, U n iversity  College London/^îiddlesex H osp ital Medical School.

We are  a l i t t l e  concerned about h is /h e r  BP/non fa s tin g  c h o le s te ro l le v e l . I t  

may be completely due to  the  s i tu a t io n  in  which the  t e s t s  were made, but we 

thought th a t you may l ik e  to  follow him /her up.

We have suggested to  the  p a t ie n t  th a t  they make an appointment to  see you.

P a t ie n t 's  name .........................................................................................................

Address  ...................................................................................................................

B/'P recorded was ...........................................................

Smoking ............................................ per day

Plasma c h o les te ro l . . . . . . . . . . . . . . . . . . . . mmol/l (n o n -fas tin g )

ECG rep o rt i s  enclosed.

Yours s in c e re ly .

P rofessor M G Meirmot
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SCBEÊMIMC-EXâaiWÔIlQM -  SIBESS-ô«Q.HEâLIb-SIUQÏ

NAME :

s e x : M = 1 : ; d a t e  OF : : : : : : :
F = 0 b i r t h :

day month y e a r

ROOM NO.:

WORKPLACE:

URINE : ; : : ; u r i n e  : : : : : u r in e

c o l l e c t e d : RECEIVED: n o . :

d a t e : t e m p e r a tu r e  ( oC)

CUFF s i z e : C h i ld  = 1 A d u lt  = 2 L arge  = 3

ARM: R igh t = 1 L e f t  = 2

PULSE OBLITERATION PRESSURE:

PEAK INFLATION PRESSURE:
( = Pu lse  o b l i t e r a t i o n  p re s s u re  ♦ 10 
or 180, w h icheve r  i s  g r e a te r )

BLOOD PRESSURE 1 BLOOD PRESSURE 2

s y s t o l ic :

D I A S T O L I C :

Z E R O  E R R O R :  .

INSTRUMENT NUMBER:

OBSERVER'S CODE:

a n t i - h y p e r t e n s iv e  drugs : Yes = 1 No = 2
D o n ' t  know = 3

P A S T  H I S T O R Y  O F  S T R O K E : Yes  = 1 No = ?
D o n * I  know = 3

PAST HISTORY OF CANCER: Yes = 1  No s 2
D o n 't  know = 3

ATTENDING HOSPITAL FOR MI Yes s 1 No c 2



:

NAME: ;

STUDY NUMBER:

TIME OF ECO RECORDING:

WEIGHT IN KG#:

HEIGHT IN CM#:

# # « # ## # # # #
# # # # #

# #  # 9

BLOOD n u m b e r :

f i b r i n o g e n : Yes = 1 No — 2

QUALITY c o n t r o l : Ye# = 1 No = 2

TOURNIQUET: No t o u r n i q u e t  = 1 T < 10 #ec# . NA = 2
T > 10 #ec«. NA = 3 T a p p l i e d  = 4

NUMBER OF ATTEMPTS: (1 .  2.  3 e t c . )

DIFFICULT s a m p l e : Ye# = 1 No = 2

ETHNIC group: C aucas ian  = 1.1 .V / N e g r o i d  = 3 :
In d ia n  aubcont in e n t  = 1 .2  O t h e r  = 4 Î__ *. :
M o n go lo id  = 2

NO. OF CIGARETTES SMOKED PER DAY: : : :
. f y y ;  (2 o z  t o b .  ( h .  r .  c i g # .  ) /w eek  = 10 c i g # .  p e r  d a y )

q u e s t i o n n a i r e  c h e c k e d : Ye# = 1 No = 2

STRESS r e a c t i v i t y : Ye# = 1 No = 2 :



APPENDIX 4 ESTIMATE OF INCIDENT CORONARY EVENTS

Making the assumption that numbers of coronary deathsinon-fatal coronary events are 

equal, on the basis of the WHO European factories trial\ and that 30% of incident 

deaths are due to coronary heart disease, the Table below suggests there will be a total 

of 56 coronary deaths at end 1994, and in excess of 100 fatal and non-fatal incident 

cases.

Expected mortality in Whitehall II based on deaths to end 1992* 
SMR for healthy worker effect (HWE) relative to 1988 rates 

Assume HWE as shown in middle column

YEAR MALE
YEARLY
FEMALE

TOTALS
ALL HWE MALE

CUM.
FEMALE

TOTALS
ALL

1985 .14 .06 .20 .44 .14 .06 .20
1986 2.83 1.14 3.97 .44 2.97 1.20 4.17
1987 7.04 2.59 9.63 .44 10.00 3.79 13.79
1988 11.66 4.13 15.79 .44 21.67 7.92 29.59
1989 13.05 4.57 17.62 .44 34.72 12.49 47.21
1990 14.22 4.99 19.21 .44 48.93 17.48 66.41
1991 15.76 5.48 21.23 .44 64.69 22.96 87.65
1992 20.15 6.97 27.12 .50 84.83 29.93 114.76
E x tra p o la t lo n :  
1993 24.66 8.51 33.17 .55 109.49 38.44 147.93
1994 29.78 10.18 39.96 .60 139.27 48.62 187.89
1995 35.20 12.05 47.25 .65 174.47 60.67 235.14
1996 41.80 14.21 56.01 .70 216.26 74.88 291.141997 49.51 16.79 66.30 .75 265.77 91.67 357.44
1998 58.13 19.71 77.84 .80 323.90 111.39 435.28
1999 63.45 21.58 85.03 .80 387.35 132.97 520.32
* calculated by 
November 1993

Martin Shipley
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