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Abstract 

Low socioeconomic position is known to be associated with greater coronary heart 

disease (CHD) risk in most developed countries. However, studies have largely focused 

on the association between socioeconomic position and CHD in middle-aged 

populations and little is known about the extent to which socioeconomic position affects 

CHD risk in later life. This thesis uses the British Regional Heart Study, a population-

based cohort of British men to investigate the extent of socioeconomic inequalities in 

CHD in older age and the possible pathways to these inequalities. Issues addressed in 

detail include trends in socioeconomic inequalities in CHD with increasing age and over 

time, the extent of socioeconomic inequalities in CHD in older age (60-79 years), the 

contribution of established and novel coronary risk factors to these inequalities, and the 

influence of early life socioeconomic position on CHD risk in later life. Although CHD 

mortality declined over the last two decades in Britain, relative social class differences 

in CHD did not narrow between 1980 and 2005. With increasing age (from 40-59 years 

to 65-84 years), relative social class inequalities in CHD narrowed, although absolute 

differences widened with age. Marked socioeconomic differences in CHD were present 

in older age; CHD risk increased from the highest to the lowest social class group. 

Socioeconomic differences in behavioural coronary risk factors (particularly cigarette 

smoking) could explain at least a third of these inequalities; inflammatory markers 

made some additional contribution. Lower socioeconomic position in childhood was 

associated with increased CHD risk in older age; part of this association was due to the 

relationship of childhood socioeconomic position with adult behavioural factors. 

Appreciable socioeconomic inequalities were also present in disability among older 

men with CHD. The results suggest that important socioeconomic inequalities in CHD 

persist in older age; the implications for public health and further epidemiological 

research are discussed.  
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1 Chapter: Introduction 
 
Chapter 1  

Introduction 

1.1 Summary 

People from lower socioeconomic positions have poorer health than those in higher 

socioeconomic positions. Coronary heart disease (CHD), a leading cause of death, 

morbidity and disability, is an important contributor to socioeconomic inequalities in 

health, being more common in people from lower socioeconomic positions. Although 

CHD mortality rates have declined since the 1970s in Britain, changes in the extent of 

socioeconomic inequalities in CHD since that time are not well documented. That lower 

socioeconomic position is associated with greater CHD risk in middle-age is known, but 

the extent to which these inequalities persist into later life or older age has not been 

widely studied. The pathways underlying socioeconomic inequalities in CHD in later 

life are also not fully understood. Established coronary risk factors as well as more 

‘novel’ coronary risk factors have been postulated to contribute to socioeconomic 

inequalities in CHD in middle-age; the effect of these coronary risk factors on 

socioeconomic inequalities in older age, however, is unclear. The influence of early life 

socioeconomic position on CHD risk in older age is also not well understood. This 

thesis investigates socioeconomic inequalities in CHD in older age using the British 

Regional Heart Study, a prospective population-based study of 7735 men followed-up 

from 1978-80 when aged 40-59 years. In particular, the thesis will investigate: 1) 

changes in the extent of socioeconomic inequalities in CHD with increasing age from 

middle-age and over time from the late 1970s; 2) the relationship of social class to
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coronary risk factors and to CHD in older men; 3) pathways to socioeconomic 

inequalities in CHD in older men; 4) influence of early life socioeconomic position on 

CHD risk in older men; and 5) the extent of socioeconomic inequalities in disability in 

those with CHD in later life. A crucial strength of the British Regional Heart Study to 

address these research questions is that it comprises a socioeconomically and 

geographically representative sample of middle-aged British men in 1978-80. 

Moreover, the study has high rates of follow-up and includes detailed information on 

socioeconomic conditions in early life, middle-age and later life, and on various 

coronary risk factors.  

 

1.2 Coronary heart disease: pathophysiology and epidemiology 

Coronary or ischaemic heart disease is defined by a joint International Society and 

Federation of Cardiology and World Health Organization task force as ‘myocardial 

impairment due to an imbalance between coronary blood flow and myocardial 

requirements caused by changes in the coronary circulation’.1 The presentations of 

coronary heart disease (CHD) usually have their origin in longstanding underlying 

atherosclerosis of coronary arteries.2;3 The gradual progression of arterial 

atherosclerosis starts with the deposition of lipid-laden macrophages (foam cells) to 

fatty streaks and fibrous plaques, which narrow the lumen and obstruct coronary blood 

flow causing ischaemia and chronic angina. Arterial plaques may also fissure or rupture 

inducing haemorrhage and occlusive thrombus formation.3;4 Coronary thrombi may 

occlude the artery to block blood supply acutely, leading to infarction of myocardial 

tissues and resulting in an acute major coronary event such as myocardial infarction or 

sudden death. The major clinical manifestations of coronary (ischaemic) heart disease 

include angina pectoris, myocardial infarction (fatal and non-fatal) and sudden 



Chapter 1 Introduction 

 

16
 

 

ischaemic death.3;4 Myocardial infarction and angina are both characterised by 

symptoms of chest pain. Severe chest pain behind the sternum (breast bone), often 

radiating to the left arm, occurs in myocardial infarction. Angina is also associated with 

the symptom of chest pain similar to myocardial infarction, but is usually induced by 

exertion, and recedes with the ceasing of exertion. Angina is referred to as stable if the 

symptoms are predictable over a period of weeks or months, rather than worsening over 

time. Unstable angina is more difficult to define and has been described as the first 

attack of what later proves to be stable angina and angina at rest.5 Unstable angina is 

associated with chest pain of a similar duration and intensity as in stable angina, 

although chest pain in unstable angina occurs at rest.  

 

CHD rates in Britain increased from the beginning of the twentieth century until the 

1980s. Although the incidence and mortality rates from CHD have declined in the UK 

since the 1970s, CHD remains the main cause of death in the UK where it accounts for 

around 101,000 deaths each year; one in five men and one in six women die from the 

disease.6;7 CHD is one of the main forms of cardiovascular disease and CHD rates vary 

according to risk factors, age, gender and ethnicity at individual levels, and across 

countries, regions, social strata and time at population levels.4 The incidence of 

myocardial infarction is higher in men than in women,8;9 and CHD mortality rates are 

three to four times greater in men. The major risk factors for CHD include cigarette 

smoking, obesity, high blood pressure and raised serum total cholesterol.10;11 Over the 

last two to three decades significant research interest has also been generated in ‘novel’ 

factors that increase the risk of CHD. These novel coronary risk factors include 

inflammatory and haemostatic markers such as C-reactive protein (CRP),12;13 metabolic 
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syndrome and insulin resistance.14;15 The risk of CHD incidence and mortality also 

increases steeply with age and is the leading cause of death in over 65 year olds.5;6;8  

  

1.3 Adult socioeconomic position and CHD  

The health of populations is influenced by the society’s social, economic and cultural 

setting, and the physical environment of workplaces and households.16;17 Differences in 

the health of individuals according to their socioeconomic circumstances have long 

been observed.18 Influences of socioeconomic factors are also clearly seen in the 

distribution of CHD.19 In high-income countries including Britain, CHD risk varies by 

socioeconomic groups such that coronary disease is greater in lower compared with 

higher socioeconomic groups.20-22 Socioeconomic position has been measured using 

indicators such as occupational social class, education and income.23-25 Lower 

socioeconomic groups have been reported to have one-and-a-half to two times the risk 

of CHD of higher socioeconomic groups.21;23-26 The public health significance of these 

disparities is reflected in the greater excess CHD risk experienced by lower 

socioeconomic groups; approximately a third or more of coronary deaths would be 

prevented if the CHD risk of the least socioeconomically disadvantaged group were 

experienced by all, and a fifth of CHD events can be attributed to the excess risk 

experienced by manual compared to non-manual groups.27;28 Being a leading cause of 

morbidity and mortality, CHD is a major contributor to health inequalities. CHD is 

estimated to be the largest contributor to socioeconomic inequalities in mortality in 

Western countries.29;30  
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1.4 Adult socioeconomic inequalities in CHD in older age 

Although widely studied in middle age, socioeconomic inequalities in CHD have been 

little studied in older age-groups.  The dramatic population ageing of societies occurring 

since the early twentieth century has meant that CHD and associated inequalities are of 

increasing potential importance in older populations. In more developed countries, 

15.3% of the population were aged over 65 years in 2005 compared with 7.9% in 1950, 

and this figure is projected to increase to 26% by 2050.31  CHD risk also increases with 

age and continues into older age (>60 years).6 Therefore, reducing socioeconomic 

inequalities in CHD, as well as reducing the overall burden of CHD in the elderly is 

likely to be important. However, the evidence so far on the extent of socioeconomic 

inequalities in CHD has largely focused on middle-aged populations. Studies have 

reported that socioeconomic inequalities in overall mortality persist in older age, with 

relative inequalities weakening with older age yet absolute differences increasing with 

age.32;33 However, less is known about socioeconomic inequalities specifically in CHD 

in older age. Moreover, with the important social changes and the decline in overall 

CHD incidence/mortality rates since the 1970s in the United Kingdom,7 it is also 

important to monitor the changes in socioeconomic inequalities in CHD over time. 

According to the Acheson Report, an increase in the relative socioeconomic inequalities 

in CHD mortality occurred between the early 1970s and the 1990s in Britain, reflecting 

a greater decline of CHD in higher social class groups.34 But whether this trend has 

continued in the early part of the twenty-first century is not known. This raises the 

question of whether socioeconomic inequalities in CHD have changed over time and 

with increasing age from middle-age. It will also be important to assess the extent to 

which socioeconomic inequalities in CHD persist in older age.  
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1.4.1 Pathways between socioeconomic position and CHD in older age 

Although the relation of socioeconomic position to CHD in middle-age is well-

established, the pathways linking socioeconomic position to CHD in older age are not 

fully understood. In studies of middle-aged populations, the starting point for 

understanding socioeconomic inequalities in CHD has been to investigate the role of 

established coronary risk factors. However, the ‘paradox’ commonly observed is that 

established coronary risk factors do not fully account for socioeconomic inequalities in 

CHD.35 While some studies have reported that cigarette smoking, obesity, lack of 

physical exercise and high blood pressure played a substantial part in contributing to 

socioeconomic inequalities in CHD,35-37 others have reported a limited role of these risk 

factors.25;38;39 More recently, levels of ‘novel’ coronary risk factors including 

inflammatory/haemostatic markers and metabolic syndrome, have also been found to be 

more prevalent in lower socioeconomic groups.40-42 This has led to the hypothesis that 

these novel coronary risk factors could account for the socioeconomic inequalities in 

CHD which are not fully explained by established coronary factors. However, the role 

of these novel risk factors in socioeconomic inequalities is not fully established since 

these markers are also strongly related to established coronary risk factors including 

smoking and physical activity,43-45 raising the possibility of confounding. Research on 

these possible underlying pathways for socioeconomic inequalities in CHD has been 

largely restricted to middle-aged populations. There is, therefore, a need to explore 

whether the same associations between socioeconomic position and both established 

and novel coronary risk factors persist in older age (>60 years), and to examine the 

extent to which these factors account for socioeconomic inequalities in CHD in older 

age.  
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1.4.2 Early life socioeconomic position and CHD risk in later life  

A life course approach to chronic disease epidemiology seeks to define the importance 

of exposures operating early in life and their influence on health and disease risk 

experienced in adult life.46 An early example of this approach was taken by Kermack 

and colleagues who demonstrated cohort differences in mortality between 1841-50 and 

1921-30 in Britain, such that each successive generation had a lower mortality rate 

which lasted throughout adult life.47 These findings along with Forsdahl’s work are 

fundamental to understanding the importance of early life factors on adult disease. In 

the mid-1970s Anders Forsdahl demonstrated that in a Norwegian county, CHD 

mortality rates in people aged 40-69 years were correlated with infant mortality rates of 

the county during the early years of the same cohorts.48 In the UK, the work of 

Professor David Barker and colleagues on the association of prenatal and postnatal 

growth with increased adult CHD risk provided much of the impetus for the hypothesis 

of the fetal/developmental origin of CHD.49-51 Other early life exposures implicated in 

CHD risk in later life have included maternal nutrition, infant feeding, childhood 

infections and childhood socioeconomic position.52 Several individual-level studies 

have sought to understand the role of childhood socioeconomic position in adult CHD 

risk.53;54 Early life socioeconomic position has been assessed in terms of parental 

occupation, household amenities/conditions and overcrowding. Lower childhood 

socioeconomic position has been found to be associated with increased CHD risk in 

adult life.53-55 This effect of childhood socioeconomic position has also been observed 

to continue, albeit weakened, when adult risk factors (cigarette smoking, body weight, 

blood pressure and serum total cholesterol) and adult socioeconomic position were 

taken into account.56-58 CHD risk also appears to reflect the accumulation of early and 

later-life exposures.46  However, it is not known if the influence of early life 
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socioeconomic position on adult CHD persists into older age (>60 years). A greater 

understanding of this would provide important information on potential pathways to 

reducing CHD risk in the elderly. Therefore, it is important to address whether 

childhood socioeconomic position is associated with CHD in older age.  

1.4.3 Socioeconomic inequalities in disability in those with CHD in older age 

With the significant recent increase in the proportion of older people, it can be assumed 

that the burden of disability will increase in the population. Studies in Western 

populations show that the prevalence of disability (measured as problems in performing 

‘activities of daily living’ including bathing, dressing and using the toilet) is 

approximately 20% in people aged 70 years and over and 50% in over 85 year olds.59 

Disability is also measured as problems with carrying out ‘instrumental activities of 

daily living’ such as cooking meals, carrying out household chores, and shopping.60 

CHD is not only a leading cause of morbidity and mortality in the elderly but is also a 

major contributor to disability in older people.61 CHD has been observed to be 

associated with a 20-40% prevalence of disability and this proportion increases with age 

(50-70% in >75 year olds).62-64 CHD has been estimated to cost the UK economy £9.0 

billion, of which 21% is due to informal care of those with CHD.8  As CHD risk 

increases with age, the risk of disability associated with CHD is also likely to increase 

in older age groups resulting in a greater burden on health and social care for 

individuals and for the healthcare system. It is known that a socioeconomic gradient 

exists in disability with lower social class groups having a greater prevalence of 

disability.65;66 However, the extent of socioeconomic inequalities in disability amongst 

the elderly with CHD is not clear. When researching socioeconomic inequalities in 

CHD in older people, it will therefore also be important to explore the extent to which 

inequalities in disability exist in the elderly with CHD.  
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1.5 Key issues addressed in the thesis and the suitability of the BRHS 

This thesis will focus on five important questions that remain to be answered in light of 

the above discussions including –  

i) What has happened to the size of socioeconomic inequalities in total and 

CHD mortality over 25 years in Britain and do these inequalities increase 

with age?  

ii) What is the relationship between social class and coronary risk factors in 

older age? 

iii) What is the extent of socioeconomic inequalities in CHD in older age and 

how much do established and novel coronary risk factors contribute to these 

inequalities? 

iv) Is there an association between early life socioeconomic position and CHD 

in older age?  

v) What is the extent of socioeconomic inequalities in disability in the elderly 

with CHD? 

 

The British Regional Heart Study (BRHS) is a prospective study of cardiovascular 

disease comprising 7735 middle-aged men drawn from one general practice in each of 

24 towns representing all major British geographic regions. The men were initially 

recruited and examined between 1978 and 1980 when aged 40-59 years. Since 

recruitment, subjects have been followed-up through postal questionnaires, and through 

the National Health Service central register and general practice records for mortality 

and morbidity, with very high rates of follow-up. A re-examination of study participants 

involving physical examinations and blood measurements was carried out after 20 years 
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of follow-up between 1998 and 2000. Further details of the BRHS have been described 

in Chapter 3. The original aims of the study were to explain the regional variation in 

cardiovascular mortality in Great Britain, and to identify risk factors for cardiovascular 

disease. This thesis will extend these aims by studying socioeconomic variations in 

CHD among older British men. There are several features of the BRHS that make it 

suitable for studying the objectives of this thesis. First, the BRHS has information on 

socioeconomic conditions of the study participants during their childhood, middle-age 

and older age together with detailed information on coronary risk factor status. Second, 

the BRHS is a population-based study comprising a socioeconomically and 

geographically representative sample. This is a crucial strength of the study when 

investigating socioeconomic differences in CHD making the results largely 

generalisable to the older British male population. However, the study sample, derived 

from medium-sized British towns with less mobile populations, mostly comprises white 

European men with little information on other ethnic groups. A third strength of the 

study is that regular accurate information on CHD (fatal and non-fatal myocardial 

infarction) has been obtained and this has enabled the investigation of socioeconomic 

inequalities in CHD, which is the main outcome of this thesis. Fourth, the BRHS is an 

observational study – no attempt was made either to influence clinical practice or to 

influence participants, thus representing ‘natural’ occurrence of CHD in the population.   

 

1.6 Objectives and structure of the thesis 

This thesis presents an epidemiological study with the aims of assessing socioeconomic 

inequalities in CHD in older British men and of investigating pathways to these 

inequalities. To address these aims, the five specific objectives of the thesis are: 
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1. To investigate trends in socioeconomic inequalities (relative and absolute) in 

CHD and overall mortality with increasing age (from 40-59 years to 65-84 

years), and over 25 years from 1978-80 to 2005 in Britain.  

2. To examine the relationship of coronary risk factors (established and novel) with 

social class in older age (60-79 years).  

3. To examine the extent to which socioeconomic inequalities persist in older age, 

and to investigate the contribution (relative and absolute) of coronary risk 

factors to these inequalities.  

4. To investigate the influence of childhood socioeconomic position on CHD risk 

in older age. 

5. To assess the extent of socioeconomic inequalities in disability in those with 

CHD in older age.  

 

The content of each Chapter is outlined below: 

Chapter 1 gives an introduction to the relationship between socioeconomic position 

and CHD, outlines the importance of understanding socioeconomic inequalities in CHD 

in older age, and presents the objectives and structure of the thesis.  

Chapter 2 presents the epidemiological background to the thesis including a review of 

socioeconomic inequalities in CHD, a review of measures of socioeconomic position in 

older age, a review of trends in socioeconomic inequalities over time in Britain, a 

review of evidence of socioeconomic inequalities in CHD in older age and evidence for 

the contribution of coronary risk factors to these inequalities, and a review of evidence 

on the influence of early life socioeconomic position on CHD in older age. 

Chapter 3 describes the design and methodology of the British Regional Heart Study 

with a focus on the aspects of the study specifically related to the thesis. 
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Chapter 4 is the first of the five results Chapters (4 to 8). Changes in socioeconomic 

inequalities in CHD mortality and in overall mortality with increasing age from middle-

age, and over time from 1978-80 to 2005 are presented. 

Chapter 5 examines the relationship of adult social class to coronary risk factors in 

older age. 

Chapter 6 examines the extent of adult socioeconomic inequalities in CHD in older 

age, and estimates the contribution of established and novel coronary risk factors to 

these inequalities.  

Chapter 7 examines the association between childhood socioeconomic position and 

CHD risk in older age and investigates if this is independent of adult social class and 

behavioural coronary risk factors.  

Chapter 8 examines the extent of socioeconomic inequalities in disability in those with 

CHD in older age.  

Chapter 9 assimilates the thesis findings to consider their implications for public health 

and for future epidemiological studies.  

 

The primary outcome studied in this thesis is the development of major CHD including 

non-fatal myocardial infarction and fatal CHD (angina was not included). As an 

exception, Chapter 4 presents results for CHD mortality as well as overall mortality 

over a 25-year follow-up from baseline (1978-80). Chapter 5 uses data from the 20-year 

re-examination of the subjects to investigate the relationship between coronary risk 

factors in older age (60-79 years) and social class. To investigate socioeconomic 

inequalities in older age, Chapter 6 presents results for CHD (non-fatal and fatal 

myocardial infarction) over a 6-year follow-up period from 1998-2000 when the 

subjects were aged 60-79 years. The longest-held occupation recorded in middle-age 
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was used as the main measure of socioeconomic position in older age to examine if 

socioeconomic inequalities persisted later in life. Chapter 7 utilises 12-year follow-up 

data until 2004 on CHD (non-fatal and fatal myocardial infarction) starting from 1992 

when information on childhood socioeconomic position was collected. Chapter 8 

investigates the extent of socioeconomic inequalities in disability measured in 2003 

(men aged 63-82 years) in elderly men with CHD.  

 

The results Chapters (4 to 8) are presented in a similar format: summary of the chapter; 

a brief background to the objectives of the chapter (a detailed background to the thesis 

is reviewed in chapter 2); the objectives of the chapter; methods used in the chapter; 

results; and, discussion which includes interpretation of the findings and comparison 

with existing literature. Implications of the findings are not examined in the individual 

chapters, but are discussed together in Chapter 9. The thesis appendices include: i) a 

detailed social class distribution of subjects at the twenty-year follow-up by social class 

measured at baseline; ii) publications, to date, arising from the research presented in this 

thesis; and iii) BRHS questionnaires relevant to the thesis.   
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2 Chapter: Literature review 
 
Chapter 2 

Literature review 

2.1 Summary 

Inequalities in health exist according to socioeconomic position of groups within 

society. In developed countries these inequalities are present in coronary heart disease 

(CHD), such that people from disadvantaged socioeconomic backgrounds have a greater 

risk of CHD compared with those who are socioeconomically advantaged. Despite 

recent declines in CHD mortality and incidence rates in the UK, evidence suggests that 

socioeconomic inequalities in CHD mortality have probably widened from the 1970s to 

1990s. Epidemiological studies exploring socioeconomic inequalities in CHD have 

mostly focused on middle-aged populations. Few studies have investigated the extent of 

socioeconomic inequalities in CHD specifically in older age. These studies show that 

socioeconomic inequalities in CHD, though smaller than in middle-age, are still present 

in older age. Few studies have investigated the pathways underlying socioeconomic 

inequalities in CHD in older age. One study showed that established coronary risk 

factors (smoking, obesity, hypertension) explained a substantial proportion of 

socioeconomic inequalities in CHD in older age, while another found little effect of 

established risk factors on socioeconomic inequalities. The results of studies in middle-

aged populations suggest that novel coronary risk factors, such as inflammatory 

markers, may contribute to socioeconomic inequalities in CHD. However, no study has 

reported the role of novel coronary risk factors in socioeconomic inequalities in older 

age.  In recent years, increasing interest in the importance of early life factors and their  
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interplay with adult risk factors and disease patterns has led to a greater interest in life 

course epidemiology. While studies report that lower socioeconomic position in 

childhood is associated with increased CHD risk in middle-age, the influence of early 

life socioeconomic position on CHD risk in older age has not been established.  

 

2.2 Structure of literature review 

This Chapter presents the epidemiological background to the areas studied in this thesis. 

Section 2.3 starts with a historical perspective of the role of socioeconomic factors on 

health. Section 2.4 outlines the extent of social inequalities in health. In section 2.5, the 

approaches to measurement of socioeconomic position are described. Section 2.6 

describes the socioeconomic inequalities in CHD in middle-age. Section 2.7 describes 

the relative and absolute measures for quantifying socioeconomic inequalities. Section 

2.8 explores recent trends in socioeconomic inequalities in CHD in the United Kingdom 

(UK). Section 2.9 reviews the evidence for the presence of socioeconomic inequalities 

in CHD in older age. Section 2.10 describes the established and novel risk factors for 

CHD. Section 2.11 considers the possible pathways linking socioeconomic position to 

CHD in older age, in particular the role of coronary risk factors. In section 2.12 the 

influence of early life socioeconomic position on CHD risk in older age is reviewed. 

Section 2.13 examines socioeconomic inequalities in disability in the elderly with CHD. 

Section 2.14 draws conclusions from the issues arising in this review and outlines the 

purpose of the thesis.  
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2.3 Brief historical perspective of the importance of socioeconomic 

factors in ill-health 

Public health is determined by the social, economic, cultural and physical environment 

of workplaces, households and society in general. Differences in the health of 

individuals according to their socioeconomic conditions have long been observed. 

Rudolf Virchow’s work on the typhus epidemic in Upper Silesia in 1847-48 was 

important in highlighting the crucial role of social factors in the distribution and patterns 

of diseases and mortality.17 He proposed interventions for better housing and adequate 

food supply since deprived living conditions predisposed certain social groups to the 

epidemic. He also argued that economic insecurity and political instability were linked 

to the social problems that influenced population health. Excess mortality in 1838 in 

manufacturing towns of England including Leeds and Manchester, reported by the 

physician, C.T. Thackrah, was partly attributed to environmental influences such as 

overcrowding, low standard of maternal care, malnutrition and poor housing, all of 

which were more common in the North of England.67 In 1839, the average age at death 

in Bethnal Green, London, was 45 years for “Gentlemen, professional men and their 

families” compared with 26 years for “tradesmen and their families”, and 16 years for 

“mechanics, servants, labourers, and their families”.18 Improvements in social and 

economic conditions resulting in better nutrition and sanitary conditions, contributed to 

the ‘epidemiological transition’ of disease patterns in Western societies, with a decline 

in infectious diseases in the nineteenth century and an increase in degenerative diseases 

(cancer and cardiovascular disease) since the 1940s.68 This transition also brought with 

it a change in the social class-CHD association; lower social classes started to manifest 

greater CHD mortality than higher social classes. In the late twentieth century, the 

Inequalities in Health report (Black Report) and the Independent Inquiry into 
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Inequalities in Health (Acheson Report) were key in highlighting the problem of health 

inequalities in Britain.34;69 The Black Report, published in 1980, demonstrated that 

although overall health had improved in Britain since the 1940s, marked inequalities in 

health were present.69 People from poorer or lower social classes had much greater 

levels of mortality and morbidity from chronic diseases than higher social classes, and 

these inequalities had widened between the 1930s and 1970s. The Report highlighted 

the importance of social and economic factors such as housing, education, environment, 

income and work in contributing to the differences in health. The Acheson Report 

demonstrated a widening of social class differences in CHD mortality between the 

1970s and the 1990s.34 

 

2.4 Extent of social inequalities in health 

Inequalities in health (systematic differences in the health of different groups in the 

population) have been observed in relation to socioeconomic factors, to gender, to 

ethnicity/race and to region.39;70-73 The focus of this thesis is the relation of 

socioeconomic position to health, particularly to CHD, and this review Chapter will, 

therefore, be limited to inequalities according to socioeconomic position in CHD. The 

scope of inequalities according to socioeconomic position and its relation to health, 

affects many conditions and most stages of the life course. Poor socioeconomic 

conditions (for example, lower levels of education or income, lower occupational 

grades, lack of basic household amenities, not owning a car or house) are known to be 

related to higher infant mortality and overall mortality rates, as well as morbidity and 

mortality from cardiovascular disease (CHD and cerebrovascular disease), many 

cancers and respiratory diseases;74-77 these socioeconomic inequalities in health are 

present in men and women. As described in the previous section, the pattern and extent 
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of these socioeconomic differences in health can vary over time, giving an indication of 

the dynamic nature of socioeconomic factors and their impact on overall health as well 

as on specific diseases. A US study showed that socioeconomic differentials varied 

according to different causes of mortality; large differentials were observed for AIDS, 

diabetes, CHD and lung cancer, and weaker differences were present for leukaemia and 

other blood diseases.71 Nevertheless, the influence of socioeconomic conditions on 

health is well-established in western populations.29;74;78  

 

2.5 Measures of socioeconomic position 

Socioeconomic position has been described as a term that refers to the social and 

economic factors that determine the position of individuals in society.79;80 The concept 

of socioeconomic position has its origins in the works of Marx and Weber. Marx 

described class as structural positions within the social organisation of production, 

while Weber described class in terms of people sharing economic opportunities 

(resources, abilities, skills) as a result of market relations.81;82 Class as a social 

relationship, therefore, provides insight into pathways to socioeconomic inequalities in 

health – employers or owners seek to reduce wages of workers and to have lower 

corporate taxes; employed workers seek to increase their wages, do more than one job 

and have more members of the household in the paid labour force. The concept of 

socioeconomic position comprises both resource-based measures reflecting actual 

resources such as income and education, as well as prestige-based measures such as 

status/rank, usually evaluated as access to goods and services, and knowledge.80;83 The 

term ‘socioeconomic position’ has been used to describe the social and economic 

stratification of individuals in societies. Individuals within societies are stratified by 

levels of social, economic, cultural and political advantage; this determines the balance 
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of health damaging or health promoting exposures and resources.84 This is the essence 

of the nature of socioeconomic position and why it relates to health. A counter-

argument, however, proposes that health determines socioeconomic position. This 

‘social selection’ theory argues that healthier individuals come to occupy higher 

socioeconomic positions, while sick individuals drift down the social hierarchy, 

resulting in socioeconomic inequalities in health.85;86 Although this phenomenon occurs, 

evidence shows that social mobility makes little contribution to the overall 

socioeconomic differentials in health and mortality.87;88  

 

Socioeconomic position in adult life has been measured using different indicators 

including occupation, education and other markers of socioeconomic conditions such as 

income.80;83 Ideally, to measure socioeconomic position in later life, the indicator should 

be characterised by ease of use, ability to demonstrate gradients in health, and stability 

over time and across the life course. The measurement, strength and limitations of 

different socioeconomic indicators and complexities in assessing socioeconomic 

position in older age will be discussed here.  

2.5.1 Occupation-based measures 

Occupation-based social class is a widely used measure of socioeconomic position. 

Following from Marxist and Weberian theories, social class refers to the location of 

people within the economy and is defined by economic relationships, particularly those 

between the employer and employee.80 Therefore, social class describes how and why 

the social and economic well-being of people is stratified in the society. The Registrar 

General’s Classification was first introduced by the Registrar General, Dr. T.H.C. 

Stevenson in 1911, defining occupations on the basis of degree of skill, in order to 

analyse infant mortality rates in England and Wales.89 This classification comprises six 
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social class groups – I (professionals), II (managerial), IIInon-manual (semi-skilled non-

manual), III manual (semi-skilled manual), IV (partly skilled) and V (unskilled). A 

limitation of using an occupation-based measure is the exclusion of populations outside 

of the labour force such as the unemployed, housewives, students and children. Some of 

the critiques of the Registrar General’s classification are that it was devised to bring 

about mortality differences, and that it lacks an explicit theoretical basis.90 It was argued 

that the classification was carried out by combining socioeconomic groups with high 

mortality rates into lower social classes and vice versa.90 However, reclassification of 

occupations into social classes do not appear to contribute to social class differentials in 

mortality; similar social class gradients for 1981-85 were observed, regardless of 

whether occupations were coded according to the 1971 or 1981 classification.85 

Occupation, along with skill and professional qualifications, has remained the primary 

basis of the Registrar General’s classification and it has been refined over time so as to 

incorporate employment status. This has enabled distinction between people within the 

same occupation but with different levels of responsibility, such as foreman or 

employer, in addition to the occupational group.91 This classification has been widely 

used to assess health inequalities across different socioeconomic groups and to assess 

changes in inequalities over time. Although lack of an explicit theoretical basis for the 

classification may limit its explanatory power, social classes based on different 

occupations and skills can be argued to encapsulate dimensions of socioeconomic 

position including education, assets, income, status and social circumstances. Other 

occupation-based measures of socioeconomic position are the Cambridge Scale and the 

Erikson-Goldthorpe scheme, which have been used to stratify societies. The Cambridge 

Scale differentiates people according to ‘social distances’ between occupations defined 

by similarities in lifestyle and resources.92 The Erikson-Goldthorpe (E-G) scheme is 
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based on conditions of employment, degree of occupational security and promotion 

aspects.93 While there is an explicit theoretical basis for the E-G scheme, working 

relations are likely to change and the classification would require constant revision. The 

more recent occupational classification, the National Statistics Socioeconomic 

Classification, is similar to the theoretical basis for the E-G scheme and is based on 

employment relations, labour market situation and work situations.83  

 

The main indicator of socioeconomic position in older age used in this thesis is 

occupational social class. Although occupation-based measures can be difficult to 

ascertain in post-retirement age, the social class measure used in the thesis is based on 

the longest-held occupation ascertained in middle-age. A major strength of this measure 

is that it would reflect social position across most of the adult life, and is likely to also 

be related to socioeconomic conditions in older age after retirement. In the present 

study, the Registrar General’s classification was used to categorise social class groups. 

The classification offers advantages in being easy to use and has the ability to 

demonstrate socioeconomic gradients in health.  

2.5.2 Education 

Education has been commonly used as an indicator of socioeconomic position as it 

influences potential earnings, material resources, cognitive abilities, informational 

resources, and behavioural patterns related to health and lifestyle.79;94;95 Education is 

measured as the length of education (number of years or age of completion of 

education) or as the level of education attained (primary, high school, or higher 

education). While education has been used as a generic measure of socioeconomic 

position, it is strongly determined by parental socioeconomic circumstances and, 

therefore, can be argued to be more of a marker of early life socioeconomic position.79 
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Since education is influenced by resources in early life, and affects adult occupation and 

income (own socioeconomic position), it captures both the effects of early life 

socioeconomic position and the influence of adult resources (influenced by education) 

on health.79  The meaning of education may, therefore, be complex to interpret. 

Proposed strengths of education are that it is easy to measure through questionnaires 

and is a relatively fixed measure, which remains generally stable after early adulthood. 

Education is not likely to be affected by health status in adulthood, thus limiting the 

potential of ‘reverse causation’.94 Although education as a marker of socioeconomic 

position is applicable to people in most circumstances - working or retired, young and 

old, men and women - the meaning of educational attainment can vary markedly across 

time, gender and place.79;80;94 The value of different levels of educational attainment 

changes over time with changes in educational opportunities. For example, older birth 

cohorts are likely to be  classified as less educated when compared with younger cohorts 

and relative earnings may also vary for a graduate between the 1950s and 1990s.80 

Another limitation of education as a marker of socioeconomic position is encountered 

when using years of education as a measure of educational attainment since it places 

equal value on any single year of education, regardless of whether the year difference is 

experienced at secondary school or higher education level.96  

2.5.3 Other measures of socioeconomic position 

Housing-based indicators including housing tenure and housing conditions have been 

used to measure the material aspects of socioeconomic circumstances.79;84 Housing 

tenure is the most commonly used indicator, often grouped as - owner-occupier, renting 

privately or renting from local authority.79 Housing conditions include presence of 

dampness, quality of housing and overcrowding. Housing conditions are used as 

markers of material circumstances as well as possible exposures for specific diseases. 
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Car ownership is another marker of material resources and circumstances, and is related 

to health outcomes.97 Wealth measured as household assets has also been used as an 

indicator of socioeconomic position. These indicators (house and car ownership and 

wealth) are easy to measure but their relative importance can change over time.79 A 

disadvantage of these measures in older age is that housing status and car ownership are 

likely to change in older age and can be influenced by health status. Income is another 

measure of socioeconomic position, which directly captures material circumstances. 

However, being a sensitive question it is not always easy to elicit a meaningful response 

from participants.79  

 

2.6 Socioeconomic inequalities in CHD in middle-age 

Studies in the UK and other Western countries, over the last 20-30 years show marked 

socioeconomic differences in CHD in middle-aged populations; about a two-fold 

greater risk of CHD in lower compared with higher socioeconomic groups has been 

frequently reported in middle-aged adults from studies using different measures of 

socioeconomic position including social class, income and education.23;24;34;39;98 This 

section presents a brief review of some of the UK-based studies showing the 

relationship between socioeconomic position and CHD in middle-age. The regular 

publication of the Decennial Supplements using census data for England & Wales 

demonstrated social class differences in all-cause mortality as well as CHD mortality. 

According to the 1997 Decennial Supplement, CHD mortality rates were higher in 

lower  social class groups.99  

 

The Whitehall study comprising London-based male civil servants aged 40-69 years 

was initiated between 1967 and 1969 to examine socioeconomic differences in CHD 



Chapter 2 Literature review 

 

37
 

and to explore reasons for these inequalities.100 17,530 civil servants in the study were 

classified into different employment grades – administrative, executive, professional, 

clerical and ‘other’. ‘Other’ grades were lowest in status, which included messengers 

and other unskilled manual workers. After seven and a half years of follow-up, a social 

class gradient in CHD mortality was observed such that the lower the employment 

grade, the higher was the CHD mortality risk. Men in the lowest grade (‘other’) had 3.6 

times the CHD mortality rate compared to men of the highest grade (administrative).100  

Coronary risk factors including cigarette smoking, cholesterol, blood pressure, body 

mass index and physical activity accounted for some of the social class variations in 

CHD mortality, although about 60% of the inequalities remained unaccounted for in this 

analysis. The Whitehall II study included men and women in a cohort of 10,308 

London-based civil servants aged 35-55 years examined between 1985 and 1988.25 

After an average follow-up of 5.3 years, the risk of doctor-diagnosed CHD in low 

compared to higher employment grades was two-fold in men, and about 30% greater in 

women.25  

 

The Caerphilly and Speedwell studies recruited 4,860 men from Caerphilly (South 

Wales) and Speedwell (a district of Bristol) who were aged 45-63 years when examined 

during 1979-1982.101 Information was collected on occupation and coronary risk 

factors. Using the Registrar General’s classification, CHD prevalence was found to 

increase from social class I to social class V.102 Smoking levels were greater in manual 

social classes, while total cholesterol levels were slightly higher in non-manual groups. 

Haemostatic markers including fibrinogen and white cell count were higher in lower 

social classes, although cigarette smoking accounted for these associations. 
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The Scottish Heart Health Study comprised a representative sample of Scottish 

population with just over 10,000 men and women aged, 40-59 years recruited in 1984-

1987.103 The prevalence of CHD was greater in manual compared to non-manual social 

classes, and in those who were not home owners compared to home owners.103 After a 

follow-up of over 7 years, risk of CHD incidence and mortality was found to be about 

50% higher in those who did not own homes compared to owner-occupiers.104 About 

40% of this socioeconomic difference was accounted for by cigarette smoking.  

 

Similar social class differences in CHD in middle-age were also observed in the British 

Regional Heart Study. In men aged 40-59 years followed-up for an average of 6 years, 

manual social classes had a 44% greater CHD incidence rate than non-manual groups.37 

This increased risk in manual groups was reduced to 24% after taking CHD risk factors, 

particularly smoking, into account. Studies comprising women have also shown 

socioeconomic differences in CHD risk. The mothers of the 1958 British birth cohort of 

lower social classes had a greater risk of CHD mortality compared with those of higher 

social classes.105 Differences in CHD risk were also observed in the British Women’s 

Heart and Health Study according to social class.106 Thus, UK-based studies have 

consistently shown that the current socioeconomic variation in CHD is such that lower 

compared to higher socioeconomic position is associated with greater CHD risk.  

 

2.7 Quantifying socioeconomic inequalities  

Socioeconomic inequalities can be expressed in relative as well as absolute terms, and 

both these measures have important, yet distinct implications.34;107  An absolute measure 

of inequality represents the (absolute) difference in the rate of the disease between one 

group and the specified reference point; this indicates the extra burden in the lower 
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socioeconomic groups and, thus, shows the absolute magnitude of the inequalities.34;107 

A relative measure expresses the inequality in terms of a chosen reference point, for 

example as a rate ratio, and is useful for assessing the strength of the association 

between socioeconomic position and the outcome. Thus, relative inequalities indicate 

the risk in a group compared to a reference group or the extent of disparities, while 

absolute inequalities express the public health impact of relative inequalities taking 

account of the absolute risk levels in the population. Both relative and absolute 

measures are, therefore, useful ways of expressing inequalities. However, it is possible 

that relative and absolute measures may yield different results particularly when 

comparing inequalities over time – if the underlying rates of the disease decrease, a 

decrease in absolute inequalities may still co-exist with an increase in relative 

inequalities.107  

 

2.8 Time trends in socioeconomic inequalities in CHD  

Influences of socioeconomic factors are clearly seen in the distribution of chronic 

diseases including CHD. CHD risk varies by socioeconomic groups; greater in lower 

than higher socioeconomic groups,39;74 although this has not always been the case.39 The 

1931 census of England & Wales showed a greater prevalence of coronary disease in 

social classes I and II compared to lower social classes.39;108 Later by the 1960s, lower 

socioeconomic groups had greater CHD mortality rates than higher socioeconomic 

groups.109 Cigarette smoking, which in the early twentieth century was more common in 

higher social classes due to its high price, and the dietary patterns of these social classes 

resulted in higher socioeconomic groups having greater CHD rates as observed in the 

1931 census.109-111 However, while higher social classes started to reduce their exposure 

to these factors in response to new knowledge, these risk behaviours started to increase 
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in lower social classes.111 This resulted in the reversal of the social class-CHD relation 

by the 1960s. This again reflects the importance of socioeconomic factors in the 

distribution of CHD over time. This pattern of lower compared with higher 

socioeconomic groups having greater CHD risk currently remains in Britain, and is also 

seen in other developed countries.19;20;29  

 

The Acheson report in 1998 showed that relative social class differences in CHD 

mortality had continued to widen from the early 1970s to early 1990s (see Figure 2.1).34 

Although the overall and CHD mortality rates had declined in the population as a 

whole, mortality rates had fallen more in higher social classes than lower social classes 

leading to the increasing differential.34;112 Such widening socioeconomic inequalities in 

mortality have continued till the end of the 1990s.76 However, the pattern of more recent 

trends in socioeconomic inequalities in CHD is not known. Some evidence is available 

from the Department of Health status report (2005) on the Programme for Action.113 

According to this report, between 1995-97 and 2001-2003 the absolute gap in 

circulatory disease mortality between the most deprived areas and average circulatory 

death rate for England had narrowed by 22%, reflecting overall decline in rates, but the 

relative gap in circulatory death rates had not narrowed (see Figure 2.2).  

 

2.9 Socioeconomic inequalities in CHD in later life 

Studies have shown that for health outcomes including mortality, morbidity and self-

rated health, relative health inequalities tend to be smaller in older than middle 

ages;33;94;114-117 this pattern has been observed for different indicators of socioeconomic 

position measured both in middle-age and older age, including occupation, education 

and income. Even though relative socioeconomic inequalities in total mortality have 
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been observed to narrow with increasing age, studies show that these inequalities in 

overall mortality are still present in old age. However, little is known as to whether 

socioeconomic inequalities in CHD persist into older age. CHD is a major contributor to 

mortality and also has a strong socioeconomic gradient.30 This section reviews the 

evidence on the extent of socioeconomic inequalities in CHD in older age. Long-term 

prospective as well as cross-sectional studies with relevant data provide some evidence 

of socioeconomic inequalities in CHD in older populations. Findings from these studies 

are summarised in Table 2.1 and Table 2.2.   

 

Whitehall Study: The Whitehall Study recruited about 18,000 British civil servants aged 

40-69 years between 1967 and 1970.100 The subjects underwent a physical examination 

at baseline and were followed-up for mortality. After 25 years of follow-up, differences 

in mortality from various causes were investigated according to socioeconomic 

position.118 Socioeconomic position was measured as employment grade assessed at 

study entry, which comprised administrative (the highest grade), professional and 

executive, clerical, and ‘other’ grades. There were differences in mortality rates from 

almost all chronic diseases. CHD related deaths were greater in lower compared with 

higher employment grades. ‘Other’ grades had nearly twice the risk of CHD deaths 

compared with administrative grades; the CHD mortality rate per 1000 person years 

was 6.41 in the administrative grade and 10.07 in ‘other’ grades, resulting in an absolute 

difference of almost 4 per 1000 person years between these grades. Age-specific CHD 

mortality rates were also reported. Significant socioeconomic gradients in CHD 

mortality were observed in older subjects, albeit, less steep than younger subjects; 

relative risks for ‘other’ vs. administrative grades were 2.57 in 40-64 year olds, 1.71 in 

65-69 year olds, and 1.44 in >70 year olds. However, the study comprised an unusual 



Chapter 2 Literature review 

 

42
 

combination of socioeconomic groups. The employment grades were virtually all non-

manual and were in general more privileged than the general population.97;118 Therefore, 

although the direction of the socioeconomic differences is similar to what might be 

expected in the general population, the extent of the gradient may not be representative. 

Finer stratification by employment grades might have resulted in a steeper social 

gradient.97  

 

Studies in other European populations: Some studies have reported socioeconomic 

inequalities in western European populations. One study used cross-sectional data from 

eight European countries including Britain.74 Education, as a marker of socioeconomic 

position, was categorised into lower (no education or primary education) and higher 

(secondary education and above) education levels. Differences in self-report of various 

chronic diseases was analysed according to educational levels. The authors found strong 

variations in the prevalence of all chronic diseases according to education. The risk for 

CHD was greater in lower compared with higher socioeconomic groups; this was 

observed in individuals of all age groups. Relative inequalities tended to be smaller in 

older ages (60-79 years, odds ratio 1.18; 95%CI 1.04, 1.33) compared with the younger 

age group (25-59 year, odds ratio 1.29; 95%CI 1.09, 1.53). Another study in 11 western 

European countries and the United States compared mortality rates between non-manual 

and manual social classes.78 The data for some countries were cross-sectional from 

population censuses of 1981, while longitudinal data from 1980-89 were available for 

other countries including England and Wales. Except for Portugal, CHD-related 

mortality was greater in manual compared to non-manual classes in all other countries. 

While the focus of this study was to examine between-country variations in CHD-

related socioeconomic inequalities, age-specific results were also presented. The 
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relative difference in CHD mortality between manual and non-manual groups was lower 

in older compared with younger age groups; for example in England and Wales the rate 

ratio for CHD mortality was 1.68 in 30-44 year olds and 1.26 in 60-64 year olds. For the 

period of the 1990s, another study in 10 western European countries showed that 

relative socioeconomic inequalities in CHD were present in older age.22 The relative 

risk for CHD in low compared with middle/high educational levels was 1.55 in 30-59 

year old men and was 1.22 in men aged 60 years and over. A similar study in eight 

western European countries reported that relative inequalities by educational levels in 

CHD mortality rates appeared to be lower in those aged ≥75 years compared to younger 

age groups (40-59 years).29  Absolute difference in CHD mortality, however, was 

greatest in old age (≥75 years). The study also showed that CHD was the single largest 

contributor (about 18%) to socioeconomic differences in total mortality. While these 

studies indicate that a general pattern of socioeconomic inequalities in CHD persists in 

older ages in different countries, most reports were based on cross-sectional data.  

 

English Longitudinal Study of Aging: Approximately 12,000 participants aged over 50 

years from three surveys of the Health Survey for England (1998, 1999 and 2001) were 

included in the English Longitudinal Study of Aging (ELSA).119 As part of Wave 1 of 

ELSA, a cross-sectional study was carried out in 2002 in this nationally representative 

sample. Information on CHD was based on self-report of doctor-diagnosed heart 

disease. A social class gradient in the prevalence of coronary disease was present in 

older age, but showed evidence of narrowing with increasing age. Amongst men aged 

50-59 years, the prevalence of heart disease in routine/manual groups was 14.3% 

compared with 8.9% in professional/managerial groups, implying a relative risk of 1.61 

in routine/manual groups. In men aged 60-74 years, the prevalence of heart disease was 
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23% in routine/manual groups and 17.4% in professional/managerial groups (a relative 

risk of 1.32 for routine/manual vs. professional/managerial groups). Absolute difference 

in prevalence of heart disease between the highest and lowest social classes, however, 

did not appear to be substantially different in the older compared with younger age 

groups. Another study on the first wave of ELSA reported the prevalence of self-

reported chronic diseases according to education and income levels in participants aged 

55-64 years.120 Relative inequalities by education and income levels were present for 

myocardial infarction. Those of low compared with high educational levels had a 1.32 

times greater relative risk of myocardial infarction (prevalence of heart disease 4.5% vs. 

3.4%). The risk of myocardial infarction was greater in low income levels (6.5%) 

compared with high income groups (2.4%), nearly a three-fold greater relative risk and 

a four-fold absolute risk difference. However, since these results were based on cross-

sectional data, causality or a temporal relationship between socioeconomic position and 

CHD in older age cannot be entirely established; although educational level is not likely 

to be affected, it is possible for income levels to be influenced by health status. Also, 

self-report of disease can be argued to be a less accurate measure of disease status than 

medical records due to reporting bias; awareness of disease or reporting may differ 

according to socioeconomic groups. However, socioeconomic differences in self-

reported heart disease were consistent with socioeconomic differences in behavioural 

(cigarette smoking, physical activity) and biological risk factors (HDL-cholesterol, CRP 

and fibrinogen) in this study. 

 

Swedish Annual Level-of-Living Survey: This study comprised a random sample of 

Swedish men and women who participated in an annual national survey conducted in 

1988 and 1989.121 The analyses were based specifically on individuals aged ≥65 years 
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followed-up for CHD events (fatal and non-fatal) for a mean period of 8.2 years. 

Occupation was used to measure socioeconomic position; categories included manual 

workers, lower level employees, middle level employees and professionals, and self-

employed and farmers. Compared with middle level employees and professionals, 

manual workers and lower level employees had a relative risk of about 1.50 for CHD. 

This study indicates the relationship of socioeconomic position with CHD in a 

representative older population. However, the study was restricted to hospitalised cases 

of CHD, thereby excluding any non-hospitalised live events which were possibly less 

severe, and the socioeconomic gradient in this group was not known.   

 

Prospective study in South Korea: Health insurance data on South Korean government 

officials and teachers were used to analyse age-specific socioeconomic differences in 

all-cause and CHD mortality.36 Nearly 600,000 subjects aged 30-64 years were 

followed-up for 9 years for this analysis. This study reports both the relative and 

absolute extent of socioeconomic inequalities. Income was used as a measure of 

socioeconomic position. The absolute difference in CHD mortality rate per 100,000 

between low and high income groups was greater at 55-64 years (38) than at 30-44 

years (25). A weak increased relative risk for CHD mortality in low income groups 

compared with high income groups was observed in older age (age-adjusted hazard ratio 

for 55-64 year olds was 1.22; 95%CI 0.97, 1.53). While this age group (55-64 years) 

represents the younger end of the older age spectrum, the results give an indication of 

socioeconomic inequalities in CHD in different age groups. Relative inequalities in 

CHD mortality were weaker in 55-64 year old subjects compared with subjects aged 30-

44 years (hazard ratio 1.40). It is possible that since this cohort comprised a 
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homogenous group of public sector employees, a more socioeconomically 

representative sample would perhaps have shown greater inequalities in CHD mortality.  

 

Copenhagen Male Study: A prospective Danish study of older men with a mean age of 

63 years (53-75 years) reported that lower social class groups had a 44% relative risk 

increase of CHD incidence compared with higher social classes.26;122 Age-specific 

results were not presented, so comparison of inequalities in CHD between older and 

younger age groups could not be made. Absolute inequalities in CHD were also not 

shown. The subjects were selected from certain private and public companies such as 

railways, telephone, post, road construction, custom, and medical industry. It is likely 

that the subjects were healthier than the general population or those not working in 

these industries and with possibly a different risk factor profile.  

 

In summary, there are a few studies, some cross-sectional, in older populations which 

demonstrate that socioeconomic inequalities in CHD are present in later life (findings 

are summarised in Table 2.1 and Table 2.2). These socioeconomic inequalities in older 

age were observed regardless of whether socioeconomic position was measured in 

middle-age26;36;118 or later in life.119;121 The socioeconomic inequalities in CHD in older 

age appear to be weaker compared to that in middle-age. Weakening of inequalities in 

older age could be due to a healthy survivor effect as a result of individuals from lower 

socioeconomic position dying earlier and healthier subjects surviving into old age. 

However, one of the above studies excluded subjects with prior disease to limit the 

possibility of a healthy survivor effect.36 A prospective study in a representative sample 

of adults in the USA investigated the impact of survival bias on socioeconomic 

inequalities in health in older age.114 The study found that results based on the surviving 
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sample were robust even when subjects who were lost to follow-up or who had died 

were included. Therefore, although selective survivorship remains likely when studying 

older populations, it does not appear to explain the age-related convergence in relative 

health inequalities.  

 

2.10 Coronary risk factors 

2.10.1 Established coronary risk factors 

The major established risk factors for CHD include cigarette smoking, blood pressure, 

dietary fat-blood lipids, physical inactivity and obesity.10;11;123;124 These have been 

designated as major risk factors because of their high prevalence in populations 

(particularly in Western countries), their impact on coronary risk, and their 

preventability and reversibility.125  

 

The British Doctors Study first reported the increased risk of CHD in smokers 

compared to non-smokers in 1954. Since then, observational studies have established 

that cigarette smoking increases the risk of CHD by about 1.5 to 3 times or more.126-129 

The increased risk of CHD associated with cigarette smoking persists in older age.130 

Smoking cessation has been found to reduce the risk of subsequent mortality and CHD 

risk even among those with CHD compared to current smokers.131-133 Passive smoking 

has also been shown to be associated with increased risk of CHD. Non-smokers living 

with smokers may have up to 30% greater coronary risk,134;135 although this risk can be 

greater when exposure to passive smoking outside of homes is also considered.136;137 
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Evidence from prospective studies demonstrates the increased risk of CHD due to raised 

blood pressure. Results from the Prospective Studies Collaboration demonstrated that a 

difference of 20 mm Hg in systolic blood pressure or 10 mm Hg in diastolic pressure 

was associated with a two-fold difference in risk of CHD mortality.123 There was no 

evidence of a ‘threshold’, at least down to 115 mm Hg for systolic and 75 mm Hg for 

diastolic blood pressure, below which blood pressure was not associated with CHD 

mortality.123 Although the effect of blood pressure on CHD attenuates with increasing 

age, a 20 mm Hg lower systolic blood pressure was shown to be associated with about 

one-third less CHD mortality even at the age of 80-89 years.123 Several trials and meta-

analyses based on trials have demonstrated a decrease in CHD risk associated with a 

reduction in blood pressure through medications such as beta-blockers, angiotensin 

converting enzyme (ACE) inhibitors and diuretics and their combinations.138-140 A meta-

analysis of trials of these drugs in older people (>60 years) showed that a decrease of 10 

mm Hg in systolic blood pressure and 4 mmHg in diastolic blood pressure is associated 

with 23% reduction in risk of CHD (non-fatal and fatal).141 Dietary salt intake has been 

identified as one of the major determinants of blood pressure in populations.142-144 Other 

factors that influence blood pressure are physical inactivity, increased body mass index 

(BMI),145 low dietary intakes of potassium and fruit and vegetables,146;147 and low birth 

weight.148  

 

Several studies in different populations have consistently shown increasing cholesterol 

levels to be associated with raised CHD risk. The nature of this association is such that 

there is no ‘threshold’ below which cholesterol levels are not associated with increased 

CHD risk.124;149 Total cholesterol is also associated with increased CHD risk in the 

elderly, although more weakly than in younger ages.124 The Prospective Studies 
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Collaboration showed that a prolonged difference of 1 mmol/L lower total cholesterol 

was associated with lower CHD mortality risk of about a half in early middle-age (40-

49 years) and about a sixth risk in old age (70-89 years).124 The low density lipoprotein 

(LDL) and high density lipoprotein (HDL) components of total cholesterol have 

opposite associations with CHD risk – higher HDL-cholesterol and lower non-HDL 

cholesterol (largely LDL-cholesterol) decrease the risk of CHD mortality,124 The 

Prospective Studies Collaboration also showed that on average, 0.33 mmol/L higher 

HDL cholesterol and 1 mmol/L lower non-HDL cholesterol were each associated with 

about a third lower CHD mortality.124 Randomised controlled trials on statins have 

shown the protective effect of reducing LDL-cholesterol levels on CHD risk, even in 

older populations. A meta-analysis of such trials demonstrated a 23% proportional 

reduction in 5-year CHD risk (non-fatal myocardial infarction and CHD deaths) per 

mmol/L reduction in LDL-cholesterol.150  Dietary intake of fat is a major determinant of 

blood cholesterol levels. Studies have shown that dietary cholesterol increases blood 

cholesterol and that saturated fatty acids are the main determinant of blood cholesterol, 

while polyunsaturated fatty acids lower blood cholesterol levels.151-153  

 

Physical inactivity as a risk factor for CHD was highlighted by the work of Professor 

Jeremy Morris and colleagues. The incidence of CHD (fatal and non-fatal) in male 

British civil servants who engaged in vigorous exercise or physical activity was found 

to be less than half that of those who were inactive.154;155 Several other studies have 

confirmed the protective effect of physical activity on CHD risk in both men and 

women in different population groups.156-162 Physical activity also lowers CHD risk in 

older age.161;163;164 Furthermore, taking up physical activity in sedentary individuals has 

been reported to reduce CHD risk even in older age.165;166 While earlier studies 
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indicating a strong protective effect of vigorous activity on CHD risk suggested a 

threshold effect of physical activity as a coronary risk factor, later studies demonstrated 

that moderate physical activity also is associated with lower CHD risk emphasising a 

more continuous relationship of physical activity with CHD.162;163;167   

 

 The risk of CHD is also positively associated with increased body mass index [(BMI), 

a measure of generalised obesity/adiposity] in both men and women.168-171 A meta-

analysis of prospective studies demonstrated that overweight (BMI 25.0-29.9) and 

obesity (BMI≥30) were associated with increased CHD risk.172 Although this increased 

CHD risk associated with being overweight was to a large extent (45%) accounted for 

by blood pressure and blood cholesterol, an increased CHD risk of nearly 50% for 

obesity remained after adjustment for blood pressure and cholesterol levels.172 This 

meta-analysis also revealed that a 5-unit BMI increment was associated with a 16% 

increased risk of CHD after adjustment for blood pressure and cholesterol levels. A 

previous systematic review yielded similar results; a 14% increase in CHD risk was 

associated with a 2-unit increase in BMI.173 Greater CHD risk associated with increased 

BMI or with obesity has also been reported in older age.174;175 Studies also suggest that 

measures of obesity or adiposity other than BMI such as weight circumference or waist 

to hip ratio, which better reflect central adiposity, may be better indicators of CHD 

risk.175-177 BMI has been referred to in the literature both as a ‘behavioural’ and as a 

‘biological’ risk factor for CHD178-180 – behavioural since it is a product of lifestyle 

factors including dietary patterns and physical activity, and biological since it is 

essentially an anthropometric measure, which is also influenced by genetic and 

physiological mechanisms.181 In this thesis, BMI is referred to as a behavioural risk 

factor for CHD.  
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Besides these established risk factors, alcohol consumption has been reported to be 

associated with CHD risk. Several studies have demonstrated a U-shaped or J-shaped 

relationship between alcohol consumption and CHD risk, with a greater CHD risk in 

non-drinkers and those who drink excessively compared to those who are  

light/moderate drinkers.182-184  However, this relationship of alcohol consumption with 

CHD has been questioned because of the characteristics of the subjects in different 

categories of alcohol consumption – regular drinkers tend to have characteristics 

advantageous to health; non-drinkers comprise teetotallers as well as ex-drinkers who 

have a higher proportion of co-morbidities; and change in alcohol intake over time such 

as movement from heavy or moderate drinking to non-drinking is not always taken into 

account.184 Despite these issues, the association of heavy drinking with increased CHD 

risk has been reported by several studies.182;183;185;186  

2.10.2 Novel coronary risk factors  

Inflammatory and haemostatic markers: Increasing amounts of research has been carried 

out in investigating novel factors responsible for CHD. Inflammatory and haemostatic 

markers, through their roles in arterial plaque formation, plaque rupture and thrombosis, 

have been implicated as novel factors which can increase risk of CHD events.12 Markers 

particularly implicated include C-reactive protein (CRP), fibrinogen, von Willebrand 

factor (vWF), white blood cell count, and tissue plasminogen activator antigen. Trauma, 

infections or coronary events such as myocardial infarction result in a cascade of 

inflammatory response including elevations in proinflammatory cytokines [e.g. 

interleukin 6 (IL-6)], acute phase proteins including CRP, and haemostatic markers 

including fibrinogen, factor VIII, vWF and tissue plasminogen activator (t-PA) 

antigen.12 These haemostatic changes alongside platelet activation result in greater 
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prothrombotic activity, and are also accompanied by increased circulation of fibrinolytic 

markers (e.g. fibrin D-dimer). Higher levels of fibrinogen and white blood cells also 

increase blood and plasma viscosity, which in turn can reduce blood flow to the 

myocardium causing ischaemia and infarction. Prospective studies and meta-analyses 

have shown that these inflammatory and haemostatic markers are associated with an 

increased risk of CHD in both middle-age and older age.13;187-194 It has, however, been 

argued that these inflammatory markers could be consequences of ischaemic events 

rather than causes of CHD.12 Additionally, inflammatory markers and CHD are both 

related to established coronary risk factors (smoking, physical inactivity, alcohol 

consumption, obesity and blood lipids) which could, therefore, confound the 

inflammatory markers-CHD associations.43;44;195-197 Studies have also shown no strong 

evidence of an association between genetic variants of CRP and fibrinogen and CHD 

risk.198;199 Nevertheless, given the increasing interest in these markers as ‘emerging’ or 

‘novel’ coronary risk factors, the relation of these markers to social class and their 

potential contribution to the socioeconomic position-CHD relationship has been 

investigated.40;102  

 

Metabolic syndrome: Reaven in 1988 first described the concept of syndrome X, in 

which resistance of peripheral tissues, mainly skeletal muscle, to insulin-mediated 

glucose disposal, leads to hyperinsulinemia.200 Other risk factors associated with insulin 

resistance include impaired glucose tolerance, elevated triglycerides, decreased HDL-

cholesterol, increased blood pressure and obesity. This concurrence of metabolic 

abnormalities has come to be known more commonly as the ‘insulin resistance 

syndrome’ or ‘metabolic syndrome’. Different definitions of the syndrome have 

evolved, such as those put forward by the American Diabetes Association (ADA), the 



Chapter 2 Literature review 

 

53
 

World Health Organisation (WHO), and the U.S. National Cholesterol Education 

Programme (NCEP).201 Although the major components, insulin resistance, 

dyslipidemia, hypertension, and obesity or central adiposity are common to these 

definitions, the specific diagnostic criteria differ. Circulating insulin (a marker of insulin 

resistance) has been found to have a modest association with increased CHD risk.202 

Since its conception, the metabolic syndrome has been described as a major public 

health problem,203 and this clustering of cardiovascular risk factors has generated 

interest in investigating its association with increased coronary risk.15 Despite studies 

which report metabolic syndrome to be related to CHD risk, the evidence is not 

consistent,204;205 and the use of the concept of metabolic syndrome has been critically 

examined.201 The definitions of metabolic syndrome lack universal consensus, although 

the NCEP criteria are often used because they are less complex than the WHO 

definition. Moreover, the pathophysiology underlying the metabolic syndrome is 

unclear, and whether the associated CHD risk is greater above and beyond the 

individual coronary risk factors that constitute the syndrome is not fully known.201  

 

Dietary factors: The Seven Countries Study was important in investigating the role of 

diet in CHD and in influencing the diet-heart hypothesis, whereby dietary fat intake 

(higher saturated fat and lower polyunsaturated fat) is implicated in increasing CHD 

risk.206 Blood cholesterol has been proposed to act as a key intermediary between 

dietary fat and CHD.206 Higher intakes of dietary saturated fat and lower intakes of 

polyunsaturated fat have been shown to increase blood cholesterol levels, which in turn 

increases CHD risk.206 The strong associations of total blood cholesterol and LDL-

cholesterol (or non-HDL-cholesterol) with increased CHD risk has been highlighted 

above. More recently vitamin C, due to its antioxidant properties, has also been 
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implicated as offering protection from CHD.207 However, no evidence for this was 

found in large randomised controlled trials.208;209 

 

2.11 Possible pathways linking socioeconomic position to CHD in older 

age 

Attempts to understand the basis of socioeconomic inequalities in CHD have 

traditionally started with exploring the role of established coronary risk factors such as 

cigarette smoking, blood lipids, blood pressure and excess body weight.36;38;39;97;210;211 

Since most studies in middle-age populations show that these established risk factors do 

not explain a substantial proportion of the relationship between socioeconomic position 

and CHD, novel coronary risk factors such as inflammatory and haemostatic markers 

have been postulated to influence this relationship.40;212;213 Few studies have explored 

the pathways to socioeconomic inequalities in CHD in older populations beyond 60 

years of age. This section reviews the evidence on pathways to socioeconomic 

inequalities in CHD in older age. 

2.11.1 Established coronary risk factors 

The association of established coronary risk factors with socioeconomic position has 

been widely reported in middle-aged populations.100;102;180;214;215 Cigarette smoking, 

high blood pressure, lower physical activity and obesity are more common in those 

from lower compared to higher socioeconomic positions, while consistent 

socioeconomic variations in blood cholesterol levels have not been observed. There is, 

however, relatively less evidence on whether socioeconomic position is related to these 

established coronary risk factors in older age. Some studies have shown that higher 

levels of smoking, physical inactivity, obesity and heavy alcohol consumption are 
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present in older people of lower socioeconomic groups.121;216 As in middle-age, lower 

compared with higher socioeconomic groups are associated with higher blood pressure 

in old age.121;216;217 The evidence for the relation of blood lipids with socioeconomic 

position, however, has not been strong and consistent. In both middle-aged and older 

subjects, total cholesterol has been reported to be, if anything, lower in lower 

socioeconomic groups.37;39;180;218;219 However, a study in older women observed low 

levels of HDL-cholesterol and higher triglycerides in lower socioeconomic groups.220 

 

Studies in middle-aged populations show that established coronary risk factors can have 

a limited influence (15%-45%) and do not contribute substantially to the relationship 

between socioeconomic position and CHD.24;38;98;211;221 In the Whitehall Study 

comprising 40-64 year old subjects (aged mostly under 60 years), about 40% of the 

relative social class inequalities in CHD mortality was accounted by established 

coronary risk factors particularly smoking and blood pressure, while the rest remained 

unexplained inequalities.39 After a follow-up for 15-year mortality risk in the Whitehall 

study, reducing coronary risk factors (cigarette smoking, blood pressure, total 

cholesterol and blood glucose) was reported to account for 69% of the absolute social 

class difference in CHD mortality.222  Much less evidence is available in older 

populations (>60 years). Studies in European countries, including data on England and 

Wales, which report socioeconomic inequalities in CHD in older age have not 

investigated the pathways to these inequalities.22;29;30  One of the few studies to 

investigate the role of established coronary risk factors in socioeconomic inequalities in 

CHD in older age was a nationally representative study comprising ≥65 year old 

Swedish participants.121 Cigarette smoking, physical inactivity, BMI and hypertension 

were found to be largely responsible for the relative social class differences in CHD in 
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this older population. A South Korean study reporting age-specific results found 

cigarette smoking to be the largest contributor (26%) to the relative socioeconomic 

inequalities in CHD in 55-64 year olds, while blood pressure and cholesterol made little 

contributions.36 In a Danish study comprising older men (mean age 63 years), 

established coronary risk factors including blood pressure, lipids, smoking and physical 

activity made little contributions to the increased relative risk of CHD in lower social 

classes.26 Further research is required to assess the contribution of established coronary 

risk factors to socioeconomic inequalities in CHD in older age.  

2.11.2  Inflammatory and haemostatic markers 

Earlier studies have suggested that inflammatory and haemostatic markers are 

associated with socioeconomic position; lower socioeconomic groups have been 

observed to have higher levels of inflammatory and haemostatic markers in middle-

age.40;213;223 This has led to the hypothesis that these novel risk factors could be 

important contributors to the relationship between socioeconomic position and coronary 

risk, possibly through psychosocial processes.223;224 It has been postulated that 

psychological stresses, which can be greater in lower socioeconomic groups, could 

induce procoagulant pathways and haemostatic activities resulting in greater coronary 

risk.224 Studies in middle-aged and some older (mean age >60 years) populations have 

shown that CRP levels are greater in lower socioeconomic groups.40;41;213;225;226 Similar 

results, mostly in middle-aged populations, have been observed for fibrinogen and IL-

6.40;41;213;223;226-228 The relationship between socioeconomic position and von Willebrand 

factor (vWF) is less consistent. Although the Whitehall II Study with subjects aged 39-

63 years found a social class gradient in vWF,229 the Caerphilly study (men aged 45-59 

years) found no relationship between social class and vWF and other haemostatic 

markers.230 The relationships observed between these novel markers and socioeconomic 
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position could, however, be confounded by behavioural factors since inflammatory and 

haemostatic markers are strongly related to behavioural risk factors.43;44;195;196 In some 

studies the relationship between inflammatory markers and social position was 

attenuated by behavioural factors including smoking, BMI and alcohol 

consumption,41;227;231 although in other studies the relationships were independent of 

behavioural factors.213;225;226;229 The evidence of an independent association between 

inflammatory markers and socioeconomic position is, therefore, inconsistent. Moreover, 

most previous studies were largely restricted to middle-aged populations aged <60 

years. A study in 70-79 year old men and women, reported higher levels of CRP and IL-

6 in lower socioeconomic groups.41 These associations were, however, attenuated when 

behavioural factors (smoking, alcohol consumption, physical activity and BMI) were 

taken into account.  

 

The contribution of these novel risk factors related to inflammation and haemostasis in 

explaining the socioeconomic position-CHD relationship has been examined in a small 

number of studies. A study in professional women found that CRP and fibrinogen made 

a small contribution to socioeconomic inequalities in cardiovascular disease in middle-

age (mean age 54 years),212 while a Scottish study in 40-59 year old men and women 

reported that fibrinogen had an important influence on socioeconomic inequalities in 

CHD in middle-age.104 However, previous studies have not investigated the role of 

novel coronary risk factors in socioeconomic inequalities in CHD in older age. 

Inflammatory and haemostatic markers are known to increase with age as co-

morbidities increase.232 More research is needed to understand the nature of the 

relationship of inflammatory and haemostatic markers with socioeconomic position in 
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older age, and whether these risk factors influence socioeconomic inequalities in CHD 

in the elderly.  

2.11.3  Metabolic syndrome 

Studies have shown that lower socioeconomic position is associated with increased risk 

of metabolic syndrome.14;233 It has, therefore, been postulated that the metabolic 

syndrome could be responsible for the relationship between socioeconomic position and 

CHD risk.14;233 The metabolic syndrome has been shown to be linked to neuroendocrine 

and autonomic functioning, through psychosocial processes, resulting in insulin 

resistance, dyslipdemia and hypertension.234;235 However, although studies have 

reported a greater risk of having metabolic syndrome among lower socioeconomic 

groups than in higher ones, some studies have found the association to be weak in 

men.236;237 Moreover, most studies so far have been cross-sectional in nature, not 

providing causal evidence for a prospective relation between socioeconomic position 

and metabolic syndrome. Behavioural risk factors including smoking, physical 

inactivity and BMI are associated with increased risk of metabolic syndrome,45;238;239 

and are also closely related to socioeconomic position.19;214 Therefore, these factors 

could be possible confounders of the relationship between socioeconomic position and 

metabolic syndrome. A population-based study in France comprising middle-aged men 

and women found lower educational and household income levels to be associated with 

the metabolic syndrome.236 When adjusted for smoking, physical activity and BMI, 

household income was associated with metabolic syndrome only in women, while the 

association of low educational levels with increased risk of metabolic syndrome in men 

and women remained after the adjustments. A South Korean National Health and 

Nutrition Examination survey on a randomly selected population aged >20 years, 

showed a lower risk of metabolic syndrome in people of higher socioeconomic groups 
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compared to those in lower ones.240 This relationship, however, differed according to 

behavioural factors – high income groups were less likely to have metabolic syndrome 

compared to low income groups in subjects who did not smoke or among those who did 

not drink heavily, whereas among subjects who were smokers or heavy drinkers, high 

income groups had a higher risk of metabolic syndrome. A study based on a sample of 

residents of Newcastle (UK) aged 49-51 years found a weak association between social 

class and metabolic syndrome.241 Most of the variance in the metabolic syndrome was 

explained by lifestyle factors (smoking, physical activity, alcohol consumption and 

dietary intake of fat). The Copenhagen City Heart Study with participants aged >20 

years found a three-fold increased risk of metabolic syndrome in the least compared 

with the most educated group; this effect was not attenuated when adjusted for 

behavioural factors.242 In the participants of the British 1946 birth cohort aged 53 years, 

lower educational level was associated with a two-fold increased risk of metabolic 

syndrome, while occupational social class was not strongly related with metabolic 

syndrome.243  The Whitehall II study, comprising London-based civil servants aged 45-

69 years, also observed an approximately two-fold increased risk of metabolic 

syndrome in lower compared to higher employment grades;14 behavioural risk factors 

appeared to account for little of this increased risk. Household wealth was also reported 

to be inversely associated with metabolic syndrome in the Whitehall II study 

participants, independent of behavioural risk factors.244 A study in Finland in a middle-

aged population also reported a greater prevalence of metabolic syndrome in people of 

lower educational levels, independent of behavioural factors.233 Prospective analysis, 

however, showed that metabolic syndrome made only a slight contribution to the 

socioeconomic (educational levels) inequalities in CHD; greater contributions to 

socioeconomic inequalities in CHD were made by the individual metabolic and 
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coronary risk factors.233 The evidence for the relationship between metabolic syndrome 

and socioeconomic position comes largely from studies in middle-aged populations. 

Therefore, the nature of this association has yet to be established in older age.  

2.11.4 Dietary factors 

Dietary intake has also been widely observed to be associated with socioeconomic 

position.245-247 People of poorer or lower socioeconomic groups have more unhealthy 

eating patterns than people of higher socioeconomic groups. A British national dietary 

survey showed that manual social classes had a lower consumption of fresh fruit and 

vegetables.248 The Scottish Heart Health Study found that dietary patterns in middle-age 

varied markedly by social class;245 the intake of fibre, vitamin C, beta carotene and 

vitamin E were lowest in manual groups compared with non-manual groups, while total 

fat, saturated fat, cholesterol and sugar intake were higher in manual social classes. The 

National Food Survey in Britain, however, showed that dietary fat levels fell in all 

social class groups between the mid-1970s and early 1980s, thus reflecting a limited 

contribution of saturated or polyunsaturated fat to the corresponding increase in the 

social class gradient in CHD that occurred in the early 1980s.249 Smoking levels, 

however, had fallen more in higher social classes, contributing much more than diet to 

the widening socioeconomic inequalities.249 Other dietary studies comprising 

representative samples from Britain including the Diet and Nutrition Survey in 1986-87 

and the National Survey of Health and Development (1946 birth cohort), which 

collected dietary data in 1982 when participants were aged 36 years, did not show 

socioeconomic differences in dietary fat and saturated fat, although there were some 

social class differences in polyunsaturated fat intake.250;251 A study reporting results 

from the Quebec Nutrition Study (QNS) and the National Health and Nutrition 

Examination Study (NHANES) III in the USA also did not report consistent relations 
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between dietary fat and socioeconomic position.252 Dietary cholesterol levels were 

lower in higher income groups in the NHANES study but not in the QNS subjects. 

Saturated fatty acids showed a positive association with income in the QNS study but an 

inverse association in the NHANES study population. Polyunsaturated fatty acid levels 

were associated with income but not education or occupation and also did not show 

consistent relationships with socioeconomic position in both studies. Additionally, 

stronger socioeconomic differences in micronutrients such as fibre and vitamin C might 

reflect differences in overall food consumption patterns, while less clear socioeconomic 

differences in dietary lipids might indicate a limited role of diet in explaining 

socioeconomic differences in CHD. Nevertheless, the relationship of dietary factors 

with socioeconomic position needs to be further investigated in older age, so as to 

explore the potential for dietary factors to influence socioeconomic inequalities in CHD 

in older age. 

 

2.12 Early life socioeconomic position and CHD risk in later life 

The role of unfavourable early life socioeconomic exposures on adult health has been 

long recognised.47 When researching influences on CHD risk in adult life, a strong case 

has been made for the influence of early life factors.  

2.12.1 Conceptual framework for the influence of early life factors on CHD 

Conceptual models have been described to account for the possible pathways linking 

socioeconomic exposures across the life course and health in adult life.253 The ‘critical 

period model’ postulates that an exposure acts in a specific period of life and produces a 

long-term effect on the body such that it cannot be modified by later life experience. 

This model is the basis of the ‘biological programming’ or ‘fetal origins of adult 
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disease’ hypothesis, whereby fetal undernutrition or birth weight is associated with 

adult blood pressure and coronary risk.50 A ‘critical period model with later effect 

modifiers’ extends the previous model by allowing exposures in later life to enhance or 

diminish the effect of early life exposures; for example the relationship of low birth 

weight with CHD or diabetes is stronger in those who are obese in adulthood.50 An 

alternative model is the ‘accumulation of risk model’ in which risk factors accumulate 

over the life course and increase their cumulative impact on disease risk. These risk 

factors across the life course could be independent, or clustered as in an ‘accumulation 

model with risk clustering’. Exposures related to socioeconomic position tend to cluster 

together; low childhood socioeconomic position is associated with low birth weight, 

unhealthy diet and poor educational attainment. A ‘chain of risk model’ refers to a 

series of exposures where one exposure leads to another, subsequently resulting in 

increased disease risk; for example poor childhood social environment leads to 

unhealthy diet in childhood, resulting in childhood and later adult obesity, which 

increases CHD risk. These models provide a useful framework for understanding and 

investigating life course influences on adult disease. The models, are, however, not 

exclusive of each other and may act together.253 Despite such explicit frameworks, 

employing a life course approach to understanding adult disease is not free from 

methodological challenges.253 Longitudinal data with repeated measures at different 

stages of life are required, and loss to follow-up and selection bias have to be 

minimised. Analytical problems also arise when adjusting for closely correlated 

variables, or in the case of misclassification of exposures (particularly when early life 

factors are retrospectively collected).254  
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A range of exposures in early life including low birth weight, accelerated postnatal 

growth, bottle feeding in infancy, maternal undernutrition and childhood infections have 

been reported to be associated with increased CHD risk in adult life.52 The fetal origins 

hypothesis suggests that fetal undernutrition leads to low birth weight and also results in 

‘programmed’ changes in lipid and carbohydrate metabolism, which can increase CHD 

risk in adult life.50;52 Breastfeeding in infancy has been reported to be associated with 

favourable coronary risk factors such as low blood pressure, cholesterol and obesity 

(though associations are generally modest in strength), and with lower cardiovascular 

risk compared to infant bottle feeding.52 Helicobacter pylori, a bacterial infection likely 

to be acquired in childhood as a result of overcrowding or poor housing conditions, has 

been implicated as a risk factor associated with CHD in adult life.52 Though the 

evidence has been conflicting, it has been suggested that these early life exposures act 

independently of childhood or adult socioeconomic position.    

2.12.2 Influence of early life socioeconomic position on CHD risk  

While the association of socioeconomic position in adult life with chronic diseases such 

as CHD has been widely investigated, there is relatively less evidence on whether 

socioeconomic position in early life has an independent impact on CHD in adult life.255 

Forsdahl showed that infant mortality rates (a marker of socioeconomic conditions) 

were correlated with CHD mortality rates 70 years later in a Norwegian county, which 

implied that poor early life conditions were related to CHD in adult life.48 A study in 

England & Wales found that the infant mortality rates in 1921-25 were related to CHD 

mortality rates in 1968-78.256 Another such ecological study in England & Wales 

reported that infant mortality of 1895-1908 was correlated with CHD mortality in 1969-

73 in 65-74 year olds.257 This association was, however, attenuated when present adult 

social class and adult deprivation were adjusted for. The importance, therefore, of both 
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current as well as early life socioeconomic position was highlighted in these results. 

Several studies, mostly prospective, have shown that lower childhood socioeconomic 

position is associated with increased CHD risk in adult life.53-55;58;258 Different measures 

of childhood socioeconomic position have been used in these studies including father’s 

occupation (most common), father’s education, mother’s occupation or education, 

housing conditions, overcrowding in house, and amenities such as hot water supply. 

These measures of early life socioeconomic position may affect CHD in adulthood 

because of their influence on coronary risk factors, or even due to their association with 

adult socioeconomic position; studies have shown that lower socioeconomic position in 

early life is associated with adverse behavioural factors including smoking, obesity and 

greater physical inactivity in adolescence and adulthood.180;259-263 Lower socioeconomic 

position in childhood has also been found to be associated with higher levels of adult 

biological coronary risk factors including blood pressure and cholesterol.180;264;265 

Lower socioeconomic position in childhood also increases the chances of having greater 

socioeconomic disadvantage in adult life.58;262 Some, but not all studies, have 

investigated these links between early life socioeconomic position and CHD; seven of 

ten studies in a systematic review did not take adult behavioural risk factors into 

account, while most studies had taken adult socioeconomic position into account.54 A 

prospective study in the west of Scotland found that men of manual social class in 

childhood (based on father’s occupation) had a greater risk for CHD mortality (odds 

ratio 1.52) compared with men of non-manual childhood social class.58 This increased 

risk was weakened (odds ratio 1.25) when adjusted for adult socioeconomic position 

(occupational social class and car ownership), behavioural risk factors (smoking, BMI), 

and other coronary risk factors (blood pressure and cholesterol). Similar results were 

observed when the effect of greater number of siblings (a measure of overcrowding or 
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an indicator of material resources in childhood home) with increased CHD risk was 

attenuated by adult social class and adult risk factors.56 A population-based study of 

British women reported an attenuation of the effect of childhood social class when 

adjusted for adult socioeconomic position.105 Some studies have, however, reported an 

independent association between childhood socioeconomic position and CHD 

risk.57;105;266;267 In these prospective studies lower childhood socioeconomic position 

was observed to be associated with a 12% to two-fold greater CHD risk. One of the 

drawbacks of many studies investigating the role of childhood socioeconomic position 

in subsequent CHD risk is that of inadequate statistical power, which limits the ability 

to reveal robust estimates for the potentially modest associations. Some recent 

Norwegian and Swedish studies with large sample sizes have, however, been able to 

overcome this problem by using record linkage and census data.258;268;269 These studies 

have also shown that lower childhood socioeconomic position is independently 

associated with a greater CHD risk, although the effect was weakened by adjustment for 

adult social class raising the possibility of residual confounding. Caution has to be 

exercised in interpreting these results. When the effect of childhood socioeconomic 

position is attenuated or weakened by adult socioeconomic position or adult risk factors, 

it does not necessarily nullify the importance of early life factors;54;257 the influence of 

childhood socioeconomic position can still be crucial because of their influence on adult 

factors thereby setting a social trajectory.54;253 It is difficult to fully disentangle these 

issues in statistical models by mutual adjustment of childhood and adult factors. Using 

information on socioeconomic position at different stages of the life course provides 

insight into the importance of exposures in life stages in contributing to disease 

risk.253;262 Several studies have also shown a cumulative effect of childhood and adult 

socioeconomic position on CHD risk, which supports the accumulation of risk 
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model.58;105;106;263;270 In these studies, the contribution of lower socioeconomic positions 

in childhood and adulthood combined were observed to increase CHD risk to a greater 

extent than either lower childhood or adult socioeconomic position on their own.  

 

Another potential limitation arises in some of these previous studies when childhood 

socioeconomic position is assessed retrospectively in adulthood.58;105;106;180;259;261 

Although recall of childhood socioeconomic conditions is unlikely to differ by CHD 

status, inaccurate recall or reporting of socioeconomic position is probable. A Scottish 

study reported moderate agreement between recall in middle-age of childhood 

socioeconomic position and childhood social class measured prospectively.271 However, 

there was a tendency in the study for adults to report a higher or more favourable 

childhood social class than that actually recorded in early life.271 Therefore, it is 

possible that retrospectively assessed early life socioeconomic position may 

underestimate the effect of childhood socioeconomic position on CHD risk. It has been 

argued that this underestimation of childhood socioeconomic position is also possible 

when assessing its impact relative to adult socioeconomic position on CHD, since 

retrospectively collected childhood position is more likely to be poorly measured 

compared with present adult socioeconomic position.54 A Finnish study comprising 

males found a strong relationship between historically-measured childhood 

socioeconomic position and CHD risk, and a weaker association of recall-based 

childhood socioeconomic position with CHD.260  

 

Despite these limitations of previous studies and challenges in interpretation of results, 

there is evidence that childhood socioeconomic position has an association with CHD 

risk in adult life. The evidence from previous studies, however, is limited to middle-
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aged men. In the British Regional Heart Study, an association between lower childhood 

socioeconomic position (father of manual social class) and greater risk of CHD, was 

observed in middle-aged men.272 It is not, however, known whether the effect of 

childhood socioeconomic position persists in older age. Therefore, in trying to 

understand pathways to health in later life, there is a need for more evidence on the 

association between early life socioeconomic position and CHD risk in older age.  

 

2.13 Socioeconomic inequalities in disability in the elderly with CHD 

CHD, as well as making a large contribution to socioeconomic inequalities in total 

mortality, is also an important cause of disability in the elderly.61;64 Since CHD shows 

strong socioeconomic gradients, it can be expected that people from poorer 

socioeconomic backgrounds will have greater disability related to CHD. Socioeconomic 

position has been observed to be associated with disability; people from lower 

compared to higher socioeconomic positions have greater disability.66;273 Studies have 

demonstrated a difference of about one and a half to two-fold in disability (incidence 

and prevalence) in older populations according to markers of socioeconomic position 

including education, occupation, income and housing tenure.65;273-278 The studies have, 

however, tended to focus on functional limitations (especially mobility problems). 

However, a small number of studies have used measures of disability such as problems 

with activities of daily living (ADL).273;279;280 ADLs and instrumental activities of daily 

living (IADL) include routine tasks such as eating, dressing, light cooking, managing 

money and light shopping, and enable disability to be measured as limitations in 

performing social roles and independent living. Moreover, the extent of socioeconomic 

disparities in disability in older populations with CHD has not been well-documented. 

Given the greater burden of disability in older subjects with CHD, studying 
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socioeconomic inequalities in disability in this population would reflect inequalities in 

overall health/quality of life associated with CHD. Therefore, there is a need to assess 

the extent of socioeconomic inequalities in disability in the elderly with CHD.  

 

2.14 Conclusions and purpose of the thesis 

Although CHD mortality rates have declined in the U.K., the extent of recent changes in 

socioeconomic inequalities in CHD are not fully known. Socioeconomic inequalities in 

CHD are present in older age regardless of whether social class, income or education is 

used, and are generally weaker than those in younger ages. The review of this Chapter 

highlights that studies in older populations are limited in number compared with the 

evidence for socioeconomic inequalities in CHD in middle-age. Furthermore, studies so 

far have not fully addressed the possible links or pathways underlying these inequalities 

in older age. While socioeconomic position is associated with established coronary risk 

in older subjects, much less is known about the role of these risk factors in influencing 

socioeconomic inequalities in older age. The association of socioeconomic position with 

novel coronary risk factors including inflammatory markers and the metabolic 

syndrome in older age is less clear. Also, the potential contribution of inflammatory 

markers to the relationship between socioeconomic position and coronary risk in older 

age is not known. Evidence from middle-aged populations shows that early life 

socioeconomic position could play a role in adult CHD risk. However, the role of 

childhood socioeconomic position in CHD risk in older age is not known. 

Socioeconomic inequalities in disability in the elderly with CHD can be a useful way of 

describing the extent of health inequalities in this population. In particular, the issues 

that need to be addressed are: 1) along side the decline in CHD mortality rates over the 

last three decades in Britain, have socioeconomic inequalities in CHD narrowed?; 2) do 
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socioeconomic inequalities in CHD change with increasing age, both in relative and 

absolute terms?; 3) are coronary risk factors (established and novel) in older age related 

to socioeconomic position?; 4) what is the extent of socioeconomic inequalities in CHD 

in older age, and what is the contribution of coronary risk factors (established and 

novel) to these inequalities?; 5) does early life socioeconomic position have an 

influence on CHD risk in older age?; and 6) what is the extent of socioeconomic 

inequalities in disability in the elderly with CHD? These questions will be addressed in 

this thesis using a cohort of older British men.  
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Figure 2.1 CHD mortality according to social class from 1970-72 to 1991-93 in 

England and Wales34 

 

 

 

 

 

 

 

 

 
 
Data source: Sir Donald Acheson. Independent Inquiry into Inequalities in Health. London: The Stationary Office; 
1998 
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Figure 2.2 Age-standardised death rates from circulatory diseases, for ages <75 

years, by fifths of area deprivation in 1995-97 and 2001-03 in England113 

 

 

 

 

 

 

 

 

 

 

Data source: Department of Health. Tackling Health Inequalities: Status Report on the Programme for Action. 
London: Department of Health Publications; 2005 
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Table 2.1 Summary of studies examining socioeconomic inequalities in CHD in older age 

 
SEP=socioeconomic position; CI=confidence intervals; HR=hazard ratio; OR=odds ratios; RR=rate ratio; RD=risk difference                                                 [Contd. in Table 2.2 overleaf]  

Study Design Setting Age & gender Outcome Measure of SEP Relative risks (95%CI) unadjusted Adjusted for risk factors 
        
Whitehall 
Study118 

Prospective London, UK 40-69 years 
Men 

CHD mortality Employment grade 
‘Other’ grade vs. 
administrative 

HR  
65-69 years = 1.71 (1.22, 2.41) 
>70 years = 1.44 (1.18, 1.76) 

Not reported for older 
age groups 

Dalstra et 
al74 

Cross-sectional 8 European countries 
including Great Britain 

25-79 years 
Men & women 

Self-reported 
heart disease 

Education  
Lowest vs. highest 

OR  
60-79 years = 1.18 (1.04, 1.33) 

Not reported 

Kunst et 
al78 

Cross-sectional 
and prospective 

11 European countries 
including England & 
Wales (1980s) 

30-64 years 
Men 

CHD mortality Occupation 
Manual vs. non-manual 
social class 

RR (England & Wales) 
60-64 years = 1.26 (1.10, 1.45) 

Not reported 

Avendan
o et al22 

Prospective 10 European countries 
including England & 
Wales (early 1990s) 

≥30 years 
Men & women 

CHD mortality Education 
Low vs. middle/high 

RR  
Men ≥60 years = 1.22 (1.21, 1.24) 
Women ≥ 60 years = 1.36 (1.33, 1.38) 

Not reported 

Huisman 
et al29 

Prospective 8 European countries 
including England & 
Wales (1990s) 

≥45 years 
Men & women 

CHD mortality Education 
Low vs. high 

Men 60-74 years 
RR = 1·32 (1.28, 1.36) 
Rate difference = 193 
Men ≥75 years  
RR = 1.14 (1.10, 1.18) 
Rate difference = 312 
 
Women 60-74 years 
RR = 1.66 (1.56, 1.76) 
Rate difference = 128 
Men ≥75 years  
RR = 1.26 (1.21, 1.31) 
Rate difference = 322 

Not reported 
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Table 2.2 (Contd.) Summary of studies examining socioeconomic inequalities in CHD in older age 

 
Study Design Setting Age & gender Outcome Measure of SEP Relative risks (95%CI) unadjusted Adjusted for risk factors 

        
ELSA119 Cross-sectional England >50 years 

Men & women 
Self-reported 
heart disease 

Occupation 
Routine/manual vs. 
professional/managerial 

Relative risk 
60-74 years = 1.32 

Not reported 

Sundquist et 
al121 

Prospective Sweden ≥65 years 
Men & women 

CHD incidence Occupation HR 
Middle-level/professional employees 
= 1.00 
Manual workers = 1.49 (1.09, 2.03) 
Lower-level = 1.50 (1.00, 2.23) 

HR adjusted for sex, smoking, 
BMI, physical activity, 
diabetes and hypertension 
Manual workers = 1.34 (0.97, 
1.83) 
Lower-level = 1.42 (0.94, 
2.13) 

Khang et al36 Prospective South Korea 30-64 years 
Men & women 

CHD mortality Income 
Low vs. high 

55-64 years 
HR = 1.22 (0.97,  1.53) 
RD = 38 

HR adjusted for smoking, BP 
= 1.14 (0.91, 1.43) 
Smoking = 26% relative risk 
reduction 

Copenhagen 
Male Study26 

Prospective Copenhagen, 
Denmark 

53-75 years 
Men 

CHD incidence Occupation 
Lower vs. higher social 
classes 
 

HR = 1.44 (1.10, 1.90) HR adjusted for age, BP, 
blood lipids, smoking and 
physical activity = 1.38 (1.00, 
1.90) 

 
SEP=socioeconomic position; ELSA=English Longitudinal Study of Ageing; CI=confidence intervals; HR=hazard ratio; OR=odds ratios; RR=rate ratio; RD=risk difference; BP=blood pressure 
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3 Chapter: Methods  
 
Chapter 3 

Methods 

3.1 Summary 

The British Regional Heart Study is a prospective study of cardiovascular disease 

initiated in 1978-80 in middle-aged men (40-59 years) from 24 towns across Britain. 

The cohort continues to be followed-up for morbidity through general practice records, 

and for mortality through the Office of National Statistics General Register Office. 

Questionnaires at regular intervals during the follow-up have been used to collect 

information on self-report of health and disease, lifestyle, disability, and personal and 

socioeconomic conditions. Physical examination including a range of physiological 

measurements and blood sampling for biochemical measurements was carried out at the 

start of the study and at a subsequent follow-up 20 years later. This Chapter consists of 

a description of the British Regional Heart Study with a focus on the methods and data 

used in the thesis. Further methods for the analyses for each of the results chapters are 

described in more detail in the relevant chapters.  

 

 

 



Chapter 3 Methods 

 

75 

3.2 Introduction 

This Chapter starts with an overview of the British Regional Heart Study (BRHS) with 

its objectives (section 3.3), study design and methodology (sections 3.4 to 3.7). Section 

3.8 provides details of the re-examination of the BRHS men 20 years from baseline. 

Sections 3.9 and 3.10 describe the measures of socioeconomic position used in the 

thesis and the representativeness of the BRHS. The Chapter will end with a description 

of data and statistical methods used in the thesis (section 3.11).  

 

3.3 The British Regional Heart Study 

The British Regional Heart Study is a prospective study of a representative sample of 

7735 British men, aged 40-59 years at baseline, randomly selected from general 

practices in 24 towns across Britain in 1978-80. The men have been followed-up since 

baseline for mortality and morbidity. The British Regional Heart Study was primarily 

undertaken to explain the substantial regional variation in coronary heart disease and 

stroke mortality observed in Great Britain.37;281  

3.3.1 Aims  

The aims of the British Regional Heart Study were: 

a) to explain the regional variation in cardiovascular mortality in Great Britain;  

b) to define the risk factors responsible for cardiovascular disease in individuals;  

c) to examine the effect of changes in their levels over time.  

While the primary focus was the aetiology and prevention of cardiovascular disease, 

there has subsequently been an interest in the social patterns of cardiovascular-related 



Chapter 3 Methods 

 

76 

disabilities and co-morbidities, clinical prevention and care in this cohort of men as they 

reached greater ages.  

 

3.4 Selection procedures 

3.4.1 Selection of towns 

The towns represent all major geographic regions. Seven criteria were used in selecting 

the towns281: 

1. All standard regions should be represented. 

2. Towns should be discrete entities and with populations of 50,000-100,000 at the 

1971 Census. One larger town in England, Ipswich was included. In Scotland, 

towns with populations less than 50,000 were considered. 

3. The choice of towns within region was to reflect the variations in mortality from 

cardiovascular disease and water hardness.  

4. The towns were to be representative of the region in socioeconomic terms.  

5. Towns with noticeable movement or with an unusual population structure were 

avoided.  

6. The study included some towns that were apparent “outliers” when 

cardiovascular disease mortality and water hardness were plotted against each 

other; for example Hartlepool, Exeter and Harrogate.  

7. If similar towns met the above criteria, random selection was made between 

such towns. 

Figure 3.1 shows the 24 towns included in the British Regional Heart Study. The 

standardised mortality ratios for cardiovascular disease in men aged 35-64 years in 
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1969-73, number of men examined, and the percentage response rates in the 24 towns 

are given in Table 3.1. 

3.4.2 Selection of practices 

It was decided that subjects would be selected from one general practice in each town so 

as to have a good initial response and a good subsequent follow-up.281 Criteria for 

selecting each practice included its size (practice population over 7500 and two or more 

GP principals), and its representativeness in terms of socioeconomic characteristics and 

composition of the town. A list of practices for each town was obtained from the 

District Medical Officer and potential practices were sent information about the BRHS. 

Based on their interest and willingness to participate, the practices were visited to 

further assess their representativeness. One general practice was selected from each 

town and invited to participate. 

3.4.3 Selection of participants 

In order to have enough men to study risk factors patterns, about 300 men were needed 

in each town.281 450 men aged 40-59 years, stratified into equal sized five-year age 

groups, were selected at random from the age and sex register in the general practice in 

each town. An age and sex register had to be constructed in 18 of the 24 practices. The 

doctors were asked to exclude from this list men who they considered would be unable 

to participate because of severe physical and mental disability (<10 in each town). An 

emphasis was laid on not excluding subjects with cardiovascular problems. The 

remaining subjects were sent invitations to participate in the study through a letter 

signed by the practice doctors encouraging them to attend the cardiovascular health 

check at a local venue, usually the practice premises. 

 



Chapter 3 Methods 

 

78 

3.5 Baseline examination 

From almost 10,000 subjects who were invited to participate, 7735 men aged 40-59 

years attended the examination and were recruited into the study, a response rate of 

78%.282 At the start of the study in 1978, detailed examination of the men was carried 

out in each of the towns by a team of three nurses and a questionnaire was also 

administered. Ethical approval was provided by all relevant local research ethics 

committees. All men provided written informed consent to the investigations carried out 

in accordance with the Declaration of Helsinki. The examination of all men in the 24 

towns was completed by 1980. The nurses were provided with training before and 

during the study to ensure standardisation of procedures including administration of 

questionnaires. The response rate averaged 78% and ranged from 70-85% (Table 3.1). 

A questionnaire was administered by a nurse to each participant as part of the baseline 

examination. Information was collected on date and place of birth, medical and family 

history, present and past occupations, medication use, and lifestyle. The examination 

included physical measurements, a resting ECG and collection of a non-fasting blood 

sample.  

 

3.6 Follow-up from baseline 

The cohort has been followed-up since study entry in 1978-80 for mortality and 

morbidity outcomes and through regular postal questionnaires, as shown in Figure 3.2 

(page 97).  

3.6.1 Mortality 

Details of the study participants were sent to the National Health Service Central 

Register (NHSCR) in Southport for England and Wales and in Edinburgh for Scotland, 
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to identify and tag the subjects. Information on mortality was collected through the 

established procedure of ‘flagging’ research participants. At three-monthly intervals, the 

Central Register sent death certificates containing identification details, date and place 

of death, and cause of death coded to the International Classification of Disease 9th 

Revision (ICD-9) and subsequently to the 10th Revision (ICD-10). Deaths from 

ischaemic heart disease with ICD-9 codes 410-414 (equivalent to ICD 10th revision 

codes I20-I25) were defined as a fatal coronary heart disease event. Information on 

deaths was also sent by the general practice as part of a periodic review (see below), 

which ensured that all events were verified.  

3.6.2 Morbidity 

In each general practice of the 24 towns a practice coordinator usually a receptionist, 

was identified to liaise with the study centre. Every two years during the follow-up of 

the cohort, the practice coordinator was sent a list of the study participants to carry out a 

review of the medical records. The practice coordinator updated the list with known 

deaths and emigrations, with the date of events and information on movement from the 

practice. For the remaining men, a systematic check of each set of medical records 

(including hospital and clinic correspondence) was carried out by the coordinator for 

newly diagnosed cardiovascular events (myocardial infarction, angina, stroke and 

transient ischaemic attack) in the preceding two years. Confirmation of each subject’s 

current address was also provided. Since 1986, information has also been collected on 

diabetes and on treatments not available at the onset of the study e.g. coronary artery 

bypass graft, percutaneous transluminal coronary angioplasty). All newly reported non-

fatal myocardial infarction events are followed-up with an enquiry form to the general 

practitioner or consultant to obtain evidence of prolonged chest pain, positive 

electrocardiogram findings and raised cardiac enzyme levels. In accordance with World 
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Health Organisation criteria,283;284 any two of these three conditions were to be met for 

an event to be accepted as a case of definite myocardial infarction.  

3.6.3 Change of practice and tracing procedures 

Through the two-yearly review, subjects who had moved from a town or beyond the 

boundary of the original practice were identified. Information on the new registration 

area or general practitioner was obtained from the local health authority. Contact was 

then established with the new general practice, which was requested to complete an 

enquiry form with the same information as that supplied by the original practices on the 

review sheets. If no information was available from the local health authority, the 

NHSCR was contacted. Information on emigrations and re-instatements was notified by 

the NHSCR. However, if any subject had emigrated or died abroad no death certificate 

was readily available.  

 

3.7 Follow-up questionnaires 

Questionnaires have been sent to the study participants at regular intervals during 

follow-up (see Figure 3.2 on page 97). The first postal self-administered questionnaire 

was sent out five years after the start of the study in 1983-85, followed by 

questionnaires in 1992 and 1996. In 1998-2000 the study participants were invited for a 

re-examination, when a nurse-administered questionnaire was completed. This was 

followed by postal questionnaires in 2003, 2005 and most recently in 2007. For the 

purpose of this thesis, questionnaire data from baseline and thereafter from 1992 till 

2003 have been included and details of these questionnaires are described below. The 

response rates to questionnaires in 1992, 1996, 1998-2000 and 2003 were 91%, 88%, 

78% and 80% respectively. The questionnaires collected information on medical history 
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and treatment use, health status, lifestyle, and socioeconomic factors as described 

below.  

3.7.1 Medical history 

On each occasion, the subjects were asked if they had been told by a doctor that they 

have had heart attack (or coronary thrombosis or myocardial infarction), angina, ‘other 

heart trouble’, high blood pressure, stroke and diabetes. The questionnaires in 1992, 

1996 and 2003 included peptic ulcer, gout, gall bladder disease, thyroid disease, 

arthritis, bronchitis and asthma. Heart failure, aortic aneurysm, narrowing/hardening of 

leg arteries, deep vein thrombosis and pulmonary embolism were included in the 1998-

2000 and 2003 questionnaires. Subjects were also asked if they were taking regular 

medical treatment including antihypertensive drugs, anti-coagulants, lipid lowering 

drugs, insulin and oral drugs for diabetes. Medications were coded according to the 

British National Formulary schedule. Subjects were asked if they had undergone 

cardiological investigations and invasive treatments including exercise ECG, 

angiogram, angioplasty (‘balloon treatment’) and coronary artery bypass graft (CABG) 

operation.  

3.7.2 Health status and disability 

Starting from 1985, all subsequent questionnaires were used to ask subjects to describe 

their health as excellent, good, fair or poor. In the questionnaires sent in 1998-2000 

and in 2003, mobility limitation was determined by asking subjects whether they 

currently had difficulty carrying out any of the following activities on their own as a 

result of a long term health problem: difficulty going up or down stairs, difficulty 

bending/straightening up, difficulty maintaining balance, difficulty walking for a quarter 

of a mile on the level. Additional questions on ascertaining problems with activities of 
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daily living and instrumental activities of daily living were asked in 2003 to capture the 

extent of disability.  

3.7.3 Smoking 

Detailed questions were asked in each questionnaire about number of cigarettes smoked 

and changes in smoking habits. In 1992, subjects were grouped into four categories: 

never smokers, long-term ex-smokers (current non-smokers at 1992 and ex-smokers at 

baseline), recent ex-smokers (current non-smokers at 1992 and given up since baseline), 

and current smokers at 1992. In 1998-2000, subjects were categorised into six groups: 

never smoker, long-term ex-smoker (since baseline, more than 20 years), gave up 

smoking 15-20 years back, gave up smoking 10-15 years ago, gave up smoking 5-10 

years ago, recent ex-smoker (gave up within last 5 years), and current smoker.  

3.7.4 Alcohol consumption 

In each questionnaire, alcohol consumption was recorded using questions on the 

frequency and quantity of alcohol intake, similar to those used in the 1978 General 

Household Survey.285;286 The men were initially classified as: non-drinkers, men 

drinking on special occasions or 1-2 drinks per month), weekend drinkers (1-2, 3-6 or 

>6 drinks per day) and men drinking daily or on most days (1-2, 3-6 or >6 drinks per 

day).285 Based on this information using the estimated weekly alcohol intake, alcohol 

consumption was categorised into five groups of: none, occasional (<1 unit/week), light 

(1-15 units/week, which included weekend 1-2, 3-6 and daily 1-2), moderate (16-42 

units/week, which included daily 3-6 and weekend >6) and heavy (>42 units/week, 

which included >6 daily).285 One drink was defined as half a pint of beer, a glass of 

wine, or a tot of spirit (8-10gms). 
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3.7.5 Physical activity 

Information on physical activity was collected in each questionnaire. The men were 

asked to indicate their usual patterns of physical activity under the headings of regular 

walking or cycling, recreational activity and sporting (vigorous) activity. Regular 

walking and cycling related to weekday journeys, which included travel to and from 

work. Recreational activity included gardening, pleasure walking, and do-it-yourself 

jobs. Sporting activity included running, golf, swimming, tennis, sailing, and digging. A 

physical activity score was derived for each man according to the frequency and type 

(intensity) of physical activity.162 Scores were assigned for each type of activity and 

duration on the basis of the intensity and energy demands of the activities reported. The 

total score for each man is not a measure of total time spent in physical activity but 

rather is a relative measure of how much physical activity has been carried out. Based on 

this score the men were grouped into six categories of a physical activity index: inactive 

(score 0-2), occasional (score 3-5; regular walking or recreational activity only), light 

(score 6-8; more frequent recreational activities or vigorous exercise less than once a 

week), moderate (score 9-12; cycling or very frequent recreational activities or sporting 

activity once a week), moderately-vigorous (score 13-20; sporting activity at least once 

a week or frequent cycling, plus frequent recreational activities or walking, or frequent 

sporting activity only), and vigorous (score ≥21; very frequent sporting exercise or 

frequent sporting exercise plus other recreational activities). The physical activity score 

was validated at both the baseline examination and the re-screening in 1998-2000 by 

using heart rate and forced expiratory volume in 1 second (FEV1) in men free of pre-

existing CHD.43;162 Mean heart rate decreased and FEV1 increased significantly with 

increasing levels of physical activity even after adjustment for potential confounders.  
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3.7.6 Dietary intake 

In 1998-2000, a separate self-administered detailed standardised 7 day recall food-

frequency questionnaire developed for use in the World Health Organization's 

Monitoring Trends and Determinants in Cardiovascular Disease Survey287 and later for 

the Scottish Heart Health Study,288 was used to collect information on dietary intake and 

patterns. Study participants were asked to recall their usual intake during the past 7 days 

by reporting amounts and frequency of food consumed, which included 86 different 

foods and drinks. Nutrient intakes were calculated by using a validated program that 

multiplied the food frequency by the standard portion sizes for each food and by the 

nutrient composition of the foods obtained from the UK food composition tables.289 

Carbohydrate and dietary fat intakes were expressed as percentages of total energy 

intake. 

3.8 Twenty-year re-examination  

After 20 years of follow-up, the study participants (now aged 60-79 years) were invited 

to attend a re-screening, which took place between 1998-2000 and comprised physical 

examination and completion of a questionnaire at a local health centre.290 The men were 

requested to fast for a minimum of 6 hours, during which time they were instructed to 

drink only water, and to then attend a measurement session at a specified time between 

0800 and 2000 hours. Men with diabetes who were taking insulin or oral 

hypoglycaemic treatment were instructed to eat and drink normally. All men were asked 

to provide a blood sample, which was collected by using the Sarstedt Monovette system 

(Sarstedt, Numbrecht, Germany).290 Of the 5565 surviving men 4252 (77%) attended 

the re-examination. Details of the re-examination are described below.  
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3.8.1 Physical examination 

Physical examination at the re-screening in 1998-2000 included anthropometric and 

physiological measurements. Anthropometric variables measured at the re-examination 

included height, weight, waist and hip circumferences, percentage body fat, and fat 

mass.290 Subjects were measured in light clothing without shoes. Height and weight 

were both measured while the subjects were standing. Height was measured with a 

Harpenden stadiometer (Critikon Service Center, Berkshire, United Kingdom) to the last 

complete 0.1 cm and weight with a Soehnle digital electronic scale (Critikon Service 

Center) to the last complete 0.1 kg. Body mass index (BMI) was calculated for each 

man as weight/(height)2 in kg/m2. BMI was not available for 10 men. Waist and hip 

circumferences were measured in duplicate with an insertion tape (CMS Ltd, London, 

United Kingdom). Hip circumference was measured at the point of maximum 

circumference over the buttocks. Waist measurement was taken from the midpoint 

between the iliac crest and the lower ribs measured at the sides. Within-subject variation 

for waist circumference and BMI was examined in a repeatability study of 110 subjects 

measured by the same team of observers on both occasions. The correlations between 

measurements taken 1 week apart were 0.995 for BMI and 0.992 for waist 

circumference.290  

 

Blood pressure was measured twice in the right arm with a Dinmap 1846 oscillometric 

blood pressure recorder with the subject seated and the arm supported. Systolic blood 

pressure (Dinamap reading) was adjusted by subtracting 8 mmHg from the reading to 

accord with the Hawksley random zero sphygmanometer readings at baseline.291 Blood 

pressure was adjusted for observer variation within each town.292  



Chapter 3 Methods 

 

86 

3.8.2 Blood measurements  

From the blood samples collected at the re-screening in 1998-2000, plasma and serum 

samples were centrifuged, separated and frozen at –20 degrees C within 6 hours on the 

day of collection and transferred to central laboratories for analysis. Blood lipids and 

glucose were analysed at the Department of Chemical Pathology, Royal Free Hospital 

(Prof. A. Winder, Dr M. Thomas), and insulin was measured at the Department of 

Diabetes and Metabolism, University of Newcastle (Prof. KGMM Alberti, Ms P. 

Shearing). Serum total and high-density lipoprotein (HDL) cholesterol, and triglycerides 

were measured using a Hitachi 747 automated analyser (Hitachi, Tokyo, Japan).293 Total 

and HDL cholesterol were analysed using the Siedel et al294 and Sugiuchi et al295 

methods respectively. Low-density lipoprotein (LDL) cholesterol was calculated using 

the Fredrickson-Friedwald equation.296 Plasma glucose was measured by a glucose 

oxidase method with a Falcor 600 (A Menarini Diagnostics, Wokingham, United 

Kingdom) automated analyser.297 Serum insulin was measured using a Drew Hb Gold 

HPLC analyser (Drew Scientific Group Plc, Barrow in Furness, UK). LDL-cholesterol, 

triglycerides, glucose, and insulin concentrations were adjusted for the effects of fasting 

duration and time of day.293 

 

Haemostatic and inflammatory markers were measured in citrated blood plasma at the 

Department of Medicine, University of Glasgow (Prof. GDO Lowe, Dr A Rumley). 

Blood was anticoagulated with K2 EDTA (1.5 mg/ml) for measurement of haematocrit, 

white blood cell (WBC) count, and platelet count in an automated cell counter; and 

plasma viscosity at 37°C in a semi-automated capillary viscometer (Coulter Electronics, 

Luton, UK). Blood was also anticoagulated with 0.109 M trisodium citrate (9:1 v/v) for 

measurement of clottable fibrinogen (Clauss method) as well as coagulation factor VIII, 



Chapter 3 Methods 

 

87 

activated partial thromboplastin time and activated protein C (APC) ratio in an MDA-

180 coagulometer (Organon Teknika, Cambridge, UK). Plasma levels of tissue 

plasminogen activator antigen (t-PA) and fibrin D-dimer were measured with enzyme-

linked immunosorbent assays (Biopool AB, Umea, Sweden) as was von Willebrand 

factor antigen (DAKO, High Wycombe, UK). C-reactive protein was assayed by ultra-

sensitive nephelometry (Dade Behring, Milton Keynes, UK). Interleukin-6 was assayed 

by a high-sensitivity ELISA (R and D Systems, Oxford, UK). 

 

Plasma vitamin C was measured with HPLC that included ultraviolet and fluorescent 

detection298;299 by using extracts of plasma treated with metaphosphoric acid at the point 

of collection and then snap-frozen with dry ice. Laboratory-blinded split samples were 

used to ensure quality control throughout the study.  

 

3.9 Socioeconomic position  

Several measures reflecting the socioeconomic circumstances of the subjects were 

collected in the study including occupational social class (adult and childhood), 

education, house and car ownership in adult life, pension arrangements, and childhood 

household amenities. The choice and use of these measures is described below. 

3.9.1 Adult social class  

The longest-held occupation of subjects was asked at baseline when they were middle-

aged (40-59 years). The Registrar General’s Classification of Occupations300 was used 

to classify the subjects into six social class categories (I, II, III non-manual, III manual, 

IV, and V; see Table 3.2). The social class distribution of the subjects aged 40-59 years 

is presented in Table 3.3. Nearly all subjects (99.81%) except 15 men were allocated a 
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social class. Of these subjects, 231 (3%) subjects in the Armed Forces were grouped 

into a separate category and were excluded from all the analyses. The occupation of the 

men was recorded again in the twenty-year follow-up questionnaire (1998-2000) when 

subjects were aged 60-79 years. The subjects were again classified into six social class 

categories based on the Registrar General’s Classification of Occupations. Table 3.4 

shows that some movement between social class groups had occurred from baseline to 

the twenty-year follow-up.  

 

To enable an overall comparison of change in social class groups, Table 3.4 shows the 

number of men in non-manual and manual groups at baseline and at the 20-year follow-

up [social classes I, II, III non-manual were grouped as ‘non-manual’ and social classes 

III manual, IV, V as ‘manual’. A detailed social class distribution of subjects at the 

twenty-year follow-up according to social class measured at baseline is presented in 

Appendix I (page 255)]. At the twenty-year follow-up, most of the non-manual and 

manual social class groups remained within the same group, 86% and 83% respectively 

(Table 3.4). Only 9% of the subjects had changed their social class status over the 

twenty-year period, which confirms the stability of social class measured at baseline 

(estimated from NnN /)2(5.05.0 −−=τ ; where N = individuals with social class 

measure at baseline and 20-year follow-up and n = disagreements in social class 

measurements at the two time points).28;301  

 

Thus, the longest-held occupation was confirmed to be a stable marker of social class, 

and is also likely to fulfil the criterion of having a single measure of adult social class, 

which would act as a reference point over the entire study period. Moreover, since 

social class at baseline was based on the longest-held occupation of the subjects when 
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aged 40-59 years, it was considered to most adequately reflect the socioeconomic 

position of the subjects for most of their adult life. Therefore, longest-held occupation 

was used as the main measure of adult socioeconomic position in the thesis to 

investigate how socioeconomic inequalities in CHD changed with increasing age and to 

examine if these inequalities persisted in older age. The current or last occupation held 

just before retirement was not used in the thesis because it may not be representative of 

socioeconomic position over most of adult life.   

 

In most of the analyses, the full Registrar General’s classification of social classes from 

I to V was used in this thesis. However, to enable an overall comparison of social class 

groups, the dichotomous categories of non-manual (social classes I, II, III non-manual) 

and manual (social classes III manual, IV, V) were also adopted. This was used in 

Chapter 4 to describe the overall trend in socioeconomic inequalities in CHD mortality 

over 25 years. In Chapter 8, where the analyses was restricted to men with CHD, social 

classes I+II, and IV+V were combined due to a small number of men in social classes I 

and V.  

3.9.2 Other socioeconomic measures 

Besides adult social class, information was collected on other measures of 

socioeconomic position. Questions on house and car ownership in adult life were asked 

in the 1992, 1996, 2000 and 2003 questionnaires. Age at leaving full time education was 

asked in 1992. Information on pension arrangements was collected in the 1996 

questionnaire.  
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3.9.3 Childhood socioeconomic position 

In the questionnaire in 1992, information on childhood socioeconomic position was 

collected. The subjects were asked about the kind of job their father had done for the 

longest period of his (father’s) life. Registrar General’s Classification of Occupations 

1931 (close to the mid-year of birth of study participants) was used to classify subjects 

into different childhood social class groups (I, II, III, IV, and V; see Table 3.5).108;302 

The questionnaire in 1992 also collected information on childhood household amenities 

(bathroom in the house, hot water supply and family car ownership). This information 

allowed a more detailed assessment of early life socioeconomic position.  

 

3.10 Representativeness of the study participants 

The social class distribution of the study participants compared with that of men of a 

comparable age (45-64 years) from the 1981 census in Great Britain was found to be 

similar (see Table 3.6).303 This confirms the representativeness of the study participants 

from the 24 towns in Britain. In the study participants, there was some under-

representation of social classes III non-manual, IV and V, and an over-representation of 

I and III manual social classes. However, the proportion of men in non-manual and 

manual social class groups in the study participants was similar to that from the census 

data (approximately 40:60 in both groups).303 The geographically and socially 

representative nature of the study population allows the results from the British 

Regional Heart Study to be generalised to middle-aged British men. However, since the 

study sample is derived from medium-sized British towns with less mobile populations, 

the cohort almost entirely comprises white European men and has little information on 

other ethnic groups. Although the study also lacks populations from major conurbations 
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or from rural areas, all major regions of Britain (England, Scotland and Wales) are 

represented in the study.  

 

Characteristics of participants at the start of the study have been compared to those of 

the non-responders.303 Men who did not participate in the study were younger and more 

likely to have less skilled occupations compared to study participants. Non-participants 

also had a higher risk of death but this was observed only in the first three years of 

follow-up and declined subsequently.303 Death rates by different causes of death were 

similar in magnitude particularly for cardiovascular disease and neoplasms, which 

suggests that analyses based on these causes of death are not likely to be biased due to 

factors related to non-participants.  

 

3.11 Data and methods used in this thesis 

Data for this thesis includes mortality data obtained from NHSCR, morbidity data from 

record reviews, data on physical re-examination in 1998-2000 and regular 

questionnaires at baseline (1978-80), 1992, 1996, 1998-2000 and 2003.  

3.11.1 Outcomes  

The particular focus of this thesis is on morbidity and mortality related to coronary heart 

disease (CHD). The main outcome of the thesis is the development of myocardial 

infarction (fatal and non-fatal events) and CHD mortality has been used as a key 

outcome throughout. In Chapter 4, trends in socioeconomic inequalities over 25 years 

from baseline (1978-80) to 2005 were investigated using CHD mortality and total 

mortality. The relationship of adult socioeconomic position and childhood 

socioeconomic position to CHD was examined in Chapters 6 and 7 using myocardial 
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infarction (non-fatal and fatal) and CHD deaths as outcomes. Chapters 5 and 8 do not 

use CHD outcomes. Chapter 5 describes the associations between adult social class and 

coronary risk factors in older age measured at the re-examination in 1998-2000 when 

the men were aged 60-79 years. As an exception, the last results Chapter (8) presents 

socioeconomic inequalities in disability in older men with CHD as an indicator of the 

overall extent of health inequalities in those with CHD in old age.   

3.11.2 Statistical methods  

While the methods used for statistical analyses are specified in subsequent Chapters, 

some of the main statistical methods used are described below. 

3.11.2.1 Survival analysis and Cox proportional hazards regression analysis 

Survival analysis was used to investigate the probability of having an event, when the 

time taken to develop that event, called survival time, is known.304 The probability of 

survival can be calculated by using the Kaplan Meier method when the exact time of an 

event occurring is known. The probability of survival is calculated each time an event 

occurs and is plotted to obtain a Kaplan Meier survival curve. Observations or subjects 

in whom the event has not occurred, are lost to follow-up, die of a cause other than the 

event of interest, or if the time of event occurring is not known, are taken to be 

‘censored’ observations. The survival time for censored observations is the time that 

they are no longer in the study. 

 

Cox proportional hazards regression analysis is used to investigate the effects of several 

variables on survival. It is a semi-parametric method, which assumes that the effect of 

different variables on survival is constant over time. The model is based on the hazard 

function h(t), representing the risk of dying at time t, assuming survival till time t. With 
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different independent variables from X1 to Xp and their regression coefficients b1 to bp, 

h(t) is, 

( )...exp)()( 22110 pp XbXbXbthth +++×=  

h0(t) can be estimated from the data and is the baseline hazard function when all the 

variables are zero.  

h(t) is the hazard or risk of dying at time t, so adding up all the hazards up to time t is 

the cumulative hazard, H(t). 

)...exp()()( 22110 pp XbXbXbtHtH +++×=  

where H0(t) is the cumulative baseline hazard function.  

The probability of survival to time, t, is S(t) = exp[─H(t)].  

A hazard ratio comparing the hazards for two different values (x1 and x2) of a covariate 

can be calculated as,  

h1(t)/ h2(t) = h0(t) × exp(bx1)/ h0(t) × exp(bx2) = exp(bx1- bx2) = exp[(b(x1-x2)]. 

95% confidence interval for log hazard ratio = b ± (1.96 * standard error of b) 

3.11.2.2 Generalised linear models 

These methods are applied to analyse the relationship between a dependent variable and 

one or more independent variables.304 Linear regression is used when the dependent 

variable (Y) is continuous and is related to independent variables (X1, X2, … Xn) as, 

Y = a + b1X1 + b2X2 + … + bnXn 

b1 to bn is the regression coefficient, a is the intercept which is the value of Y for which 

X = 0. 

 

Logistic regression analysis is used to relate a dichotomous dependent variable to a set 

of explanatory variables. A transformation of the probability of the outcome is carried 
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out, called logit transformation, logit(p) to restrict the probability of outcome from 0 to 

1.  

logit(p) = log (p/1-p) = a + b1x1 + b2x2 + … bnxn 

where p = probability of the outcome; 1-p = probability of not having the outcome; b1… 

bn are regression coefficients for explanatory variables (x1…xn).  

 

p/1-p is called the odds and logit(p) is the log odds. The odds (p1 and p2) in two groups 

of an independent variable (say xi, with values of 1 and 0) can be compared to obtain the 

log odds ratio as, 

Log odds ratio = logit(p1) – logit(p2) = (a + b1x1 + b2x2 + … + bixi) – (a + b1x1 + b2x2) 

                   = bi 

Odds ratio = exp(bi); 95% confidence interval for log odds ratio = b ± (1.96 * standard 

error of b)  

3.11.2.3 Analysis of variance 

Analysis of variance (ANOVA) is a statistical method used to compare the difference in 

mean levels of a continuous dependent variable according to groups of a categorical 

independent variable.304 ANOVA involves calculation of the overall variation (total sum 

of squares), variation between groups (between-group sum of squares is the sum of 

squares of the difference between mean of each group and overall mean), and variation 

within groups (within-group sum of squares is the sum of squares of the difference 

between mean of each observation and the mean of its relevant group). According to the 

null hypothesis, all groups have the same mean and there is no difference in between-

groups and within-group variance. F distribution is used to compare the variances 

between and within groups. ANOVA can be extended to include more than one 
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independent variable, to control or adjusted for other variables. This method is called 

Analysis of Covariance (ANCOVA).  

3.11.2.4 Bootstrap resampling 

The bootstrap is a data-based simulation method for assessing statistical precision.305 It 

is used when the sampling distribution of an estimator is not known and therefore, 

classical methods of statistical analysis cannot be used.305;306 Samples of the same size 

as the original are drawn, by sampling with replacement from the observed data. The 

number of samples required depends on the measure of interest; 1000 are recommended 

to obtain a bootstrap confidence interval. The statistic of interest (for example 

difference in survival rates) is calculated for each resample. The distribution of these 

values is used to estimate the underlying distribution. The approximate confidence 

intervals is given by the 100 (α/2) and 100(1 - α/2) percentiles of the distribution, so that 

a 95% confidence interval is given by the range between the 2.5th and 97.5th percentiles. 

However, the bootstrap distribution of the statistic may not be accurate; the estimate of 

the statistic from the original data may differ from the median of the estimated values 

from the bootstrap sample. The difference should then be added to the percentiles to 

give bias-corrected percentiles.  
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Figure 3.1 Map of Great Britain showing the 24 towns of the British Regional 

Heart Study 
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Figure 3.2 Follow-up in the British Regional Heart Study 

 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

1998-2000 

Questionnaires

2003 

              Morbidity (GP records) & mortality (NHS Central Register) 

1978-80 1983-85 1992 1996 

Re-examination Baseline 
examination 



Chapter 3 Methods 

 

98 

 

Table 3.1 Towns in the British Regional Heart Study  

 
Town 

SMR for cardiovascular disease in men 

aged 35-64 years in 1969-73 

Number of men 

examined 
Response rate (%) 

Ayr 140 301 70 

Bedford 80 303 73 

Burnley 114 286 80 

Carlisle 121 389 85 

Darlington 109 382 82 

Dewsbury 142 326 79 

Dunfermline 118 350 80 

Exeter 90 332 84 

Falkirk 98 308 75 

Gloucester 84 309 73 

Grimbsy 96 318 71 

Guildford 78 335 82 

Harrogate 82 280 77 

Hartlepool 101 334 70 

Ipswich 92 362 85 

Lowestoft 85 324 83 

Maidstone 99 319 72 

Mansfield 95 321 80 

Merthyr Tydfil 135 282 76 

Newcastle-upon-Lyme 115 293 77 

Scunthorpe 109 313 76 

Shrewsbury  95 310 83 

Southport 114 322 80 

Wigan 134 337 77 

 
SMR= standardised mortality ratio 
 
Data source: Shaper AG et al. British Regional Heart Study: cardiovascular risk factors in middle-aged men in 24 
towns. BMJ 1981; 283:179-186 
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Table 3.2 Registrar General’s Classification of Occupations 1980 

 
Social class Description Examples of occupations 

I Professional occupations Barristers, physicians, engineers  

II Intermediate occupations Teachers, sales managers 

III non-manual Skilled non-manual occupations Clerks, shop assistants 

III manual Skilled manual occupations Bricklayers, coalminers 

IV Partly skilled occupations Bus conductors, postmen 

V Unskilled occupations Porters, general labourers 
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Table 3.3 Social class distribution of men in the British Regional Heart Study aged 

40-59 years in 1978-80 

 

Social class based on longest-held occupation 
recorded at 40-59 years n (%) 

I 606 (8) 

II 1735 (23) 

III non-manual 720 (10) 

III manual 3326 (44) 

IV 784 (10) 

V 318 (4) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 3 Methods 

 

101 

 
 
 
Table 3.4 Comparing number of subjects in non-manual and manual social class 

groups at baseline (1978-80) and at twenty-year follow-up (1998-2000) 

 
 

Social class at baseline Social class at follow-up in 1998-2000  

 Non-manual Manual Total 

Non-manual 1624 (86%) 269 (14%) 1893 (100%) 

Manual 346 (17%) 1684 (83%) 2030 (100%) 

Total 1970 1953 3923 
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Table 3.5 Registrar General’s Classification of Occupations 1931 

 
Social class Description Examples of occupation 

I Professional occupations Engineers, physicians, clergymen, bankers 

II Intermediate occupations Farmers, coal mine owners/managers,  

III Skilled occupations Gardeners, farm or factory foremen,  

IV Partly skilled occupations Shepherds, fishermen, miners, quarriers 

V Unskilled occupations Masons or builders’ labourers, porters, messengers 
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Table 3.6 Social class distribution (%) of participants in the British Regional Heart 

Study compared with the 1981 Census data 

 

Social class National Census 1981 24 towns Census 1981 BRHS participants 1978-80 

    
I 5.2 5.1 7.8 
    
II 23.8           39.5 23.2          41.5 22.5          39.6 
    
III non-manual 10.5 13.2 9.3 

    

III manual 33.9 33.7 43.0 
    
IV 17.8          58.1 16.6          56.1 10.3          57.4 

    
V 6.4 5.8 4.1 

Armed Forces 2.4 2.4 3.0 

 
Data source: Walker M et al. Non-participation and mortality in a prospective study of cardiovascular disease. J 
Epidemiol Community Health 1987; 41:295-299 
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4 Chapter: Trends in socioeconomic inequalities in coronary heart disease mortality in Britain from 1978 to 2005 

Chapter 4  

Trends in socioeconomic inequalities in coronary heart 

disease mortality in Britain from 1978 to 2005 

4.1 Summary  

Earlier studies have suggested that socioeconomic inequalities in life expectancy may 

have widened in Britain in 1980s and 1990s. In this Chapter, socioeconomic inequalities 

in coronary heart disease (CHD) mortality and all-cause mortality in British men were 

examined between 1978 and 2005, to investigate whether these inequalities had changed 

over time and with increasing age. All subjects in the British Regional Heart Study were 

followed-up from baseline (1978-80) until 2005 for mortality from CHD and all-causes. 

Relative hazards and absolute risk differences for CHD and all-cause deaths comparing 

manual with non-manual social classes were calculated, with subjects divided into four 

5-year age groups and five 5-year calendar periods.  Mortality rates from CHD and from 

all causes declined over the 25-year period. Risks of mortality from CHD and all-causes 

were persistently higher in manual social class groups compared to non-manual 

throughout the 25-year follow-up. With increasing age, the relative difference in 

mortality between manual and non-manual groups narrowed. However, the relative 

difference between these social class groups tended to increase over time. The overall 

relative increase in hazard ratio comparing manual to non-manual groups over a 20-year 

calendar period was 1.75 (95%CI 0.89, 3.45, p=0.11) for CHD mortality and 1.22 

(95%CI 0.83, 1.80, p=0.31) for all-cause mortality. However, the absolute difference in 

probability of survival to age 65 between non-manual and manual groups fell from
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 17% to 7% for CHD mortality and from 29% in 1981 to 9% in 2001 for all-cause 

mortality. Relative differences in CHD and all-cause mortality between manual and 

non-manual social class groups persisted and may have increased during this period. 

However, absolute differences in mortality between these social class groups decreased 

because of falling overall mortality rates. Greater efforts are needed if socioeconomic 

inequalities in CHD mortality are to be reduced in the new millennium.    

 

4.2 Introduction 

Marked socioeconomic inequalities in health and mortality in the UK have been present 

for many years.69 The Independent Inquiry into Inequalities in Health34 summarised 

evidence that socioeconomic inequalities were persisting during the 1990s. There has 

been concern that socioeconomic inequalities in mortality and life expectancy have been 

increasing rather than declining during recent years.72;76;113;307;308 Though studies in 

Britain have reported on inequalities in mortality or in life expectancy,72;76;307;308 there is 

limited evidence on recent trends in socioeconomic inequalities in coronary heart 

disease (CHD) mortality. More evidence on the secular changes in the direction and 

extent of socioeconomic inequalities in CHD is needed so as to enable policies to 

address these appropriately. Socioeconomic inequalities in health have also been 

extensively described in middle age, in relation to occupation.19 However, there is 

uncertainty about how inequalities related to occupational social class change with 

increasing age.  
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4.3 Objectives 

The aim of this Chapter is to examine the extent of socioeconomic inequalities, based 

on occupation, in CHD mortality (the single most important cause of death) and all-

cause mortality among British men followed up from 1978-80 for a 25-year period. The 

objectives were two-fold: 

i) To examine the size of social class differences (relative and absolute) in CHD 

mortality and all-cause mortality with increasing age. 

ii) To investigate whether relative social class differences in CHD and all-cause 

mortality have changed over time (1978-80 to 2005), independent of age. The absolute 

differences in mortality between social classes and changes over time were also 

examined, since mortality rates (from CHD and all causes) had declined during the 

study period, both in the whole population7 and in this cohort.309  

 

4.4 Methods 

Data on mortality on BRHS men were obtained by the established procedure of 

‘flagging’ participants with the NHS Central Register. The period of follow-up used for 

this Chapter was from 1978-80, when the participants were enrolled in the study, up to 

31st October 2005. The longest-held occupation of each man was recorded at the study 

entry and categorised using the Registrar General’s Social Class Classification (I, II, III 

non-manual, III manual, IV and V).300 Cause of death was coded from death certificates 

using the International classification of diseases, 9th revision (ICD-9). CHD deaths were 

those with ICD-9 code 410–414. 
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4.4.1 Rationale for analyses 

Trends in socioeconomic inequalities in CHD and all-cause mortality were examined 

from 1978-80 to 2005 (164,120 person years). These inequalities were examined both 

with increasing age and over the follow-up period, independent of age. The extent of the 

changes in socioeconomic inequalities in CHD and all-cause mortality was assessed in 

relative as well as absolute terms. Trends in relative socioeconomic inequalities would 

indicate the strength of the relationship between socioeconomic position and mortality 

(all-cause and CHD) over the study period. Absolute socioeconomic differences in 

inequalities would reflect the change in the magnitude of these inequalities over time 

and with increasing age. Adult social class based on the longest-held occupation was 

used as the measure of socioeconomic position. Social classes I, II and III non-manual 

were grouped as ‘non-manual’ while social classes III manual, IV and V were grouped 

as ‘manual’ to provide a single overall summary of socioeconomic inequalities and their 

trends.  

4.4.2 Statistical methods 

4.4.2.1 Relative social class differences in mortality 

All analyses were carried out using SAS version 8, with the exception of analyses 

examining social class*age and social class*period interactions, carried out with 

STATA version 9. Survival analysis was carried out and Kaplan Meier survival curves 

were plotted to investigate whether the probability of survival from CHD and all-cause 

mortality differed according to social class (I, II, III non-manual, III manual, IV and V). 

Men in the Armed Forces (n=231) were not included in the analyses. Cox’s proportional 

hazard models were used to assess the relation between social class and CHD and all-
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cause mortality. The models were adjusted for age, which was fitted as a continuous 

variable.  

 

The follow-up period was truncated at 25 years and divided into five equal calendar 

periods starting from the baseline period of 1978-80: 0-5 years (1978-80 to 1983-85), 5-

10 years (1983-85 to 1988-90), 10-15 years (1988-90 to 1993-95), 15-20 years (1993-95 

to 1998-2000) and 20-25 years (1998-2000 to 2003-05). Age at baseline was divided 

into four groups of 40-44, 45-49, 50-54 and 55-59. Overall hazard ratios with 95%CI 

for all-cause and CHD mortality comparing manual with non-manual groups were 

calculated for the four age groups and for the five time periods. Age-adjusted hazard 

ratios were also calculated for each age group within each time period. Cox models 

included effects of age, period effect, social class, social class*age interaction (to 

ascertain whether social class effects changed as subjects aged), and social class*period 

interaction (to ascertain whether the social class effect changed over calendar time). The 

social class*age estimate from the Cox model was used to calculate the change in 

hazard ratio over a 20-year increase in age. The social class*period estimate was used to 

calculate the change in hazard ratio over a 20-year calendar period. Because of the 

sampling structure of the study where men were chosen from within towns, robust 

standard errors were calculated which adjusted for the clustering of responses by men 

within towns.310  

4.4.2.2 Absolute social class differences in mortality 

Rates of death from CHD and all-cause mortality were estimated in all men, and 

separately in manual and non-manual groups, to ascertain the absolute difference in 

survival between these groups. This was done using the same age groups and calendar 

periods defined for looking at relative differences described above. In particular, the 
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probability of survival to age 65 years in non-manual and manual groups for conditions 

prevailing in 1981 and 2001 was calculated. Different values for social class (non-

manual and manual) and period (1981 and 2001) were chosen to calculate cumulative 

hazard functions, and thus survival probability, for these particular social class/period 

combinations.311 Survival probability was calculated as: 

  

S (t, x) = exp [-H (t, x)], 

where H was the cumulative hazard function; x represented social class, period, and 

social class*period interaction effects estimated from the appropriate Cox proportional 

hazards model; and t represented age. Crude survival rates were estimated for every 

year of age from 40 years (age of youngest cohort members at the beginning of follow-

up) to age 65 year. For each year of age, data used included every subject who passed 

through that year of age. These crude estimates were then added together to give a 

cumulative hazard function from age 40 years.  

 

Uncertainty associated with these modelled estimates of survival probability was 

addressed by taking 1000 bootstrap samples, using the bias-corrected method for 

obtaining 95% confidence intervals,306 as described in section 3.11.2.4 on page 95.  

 

4.5 Results  

Analyses are based on 7489 men aged 40-59 years at entry to the study, followed for 25 

years (158,993 person years at risk) to age 65-84 years. During this period of follow-up, 

2910 deaths occurred from all causes, of which 969 were attributed to CHD. Figure 4.1 

and Figure 4.2 present Kaplan Meier survival curves according to social class groups 

for all-cause and CHD mortality respectively. The survival curves show the social class 
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variations in all-cause and CHD mortality - the probability of survival after 25 years 

from all-causes decreased from 0.72 in social class I to 0.51 in social class V; survival 

probability for CHD mortality after 25 years was 0.89 in social class I and 0.82 in social 

class V. The relationship of social class and mortality is also demonstrated in Table 4.1, 

which shows age-adjusted hazard ratios for all-cause and CHD mortality according to 

different social classes. The hazard ratios for both all-cause mortality and CHD 

mortality increased from social class I and was highest in social class V. The hazard 

ratios comparing men of manual with non-manual social class were very similar for 

CHD mortality (1.50; 95%CI 1.31, 1.72) and all-cause mortality (1.52; 95%CI 1.41, 

1.64).   

 

Table 4.2, Table 4.3 and Table 4.4 present estimates for CHD mortality and overall 

mortality for each five year time-period between 1978-80 and 2005, and for each of the 

five 5-year age groups. The estimates in these tables can be compared as follows: 

i. Down the columns, estimates are observed with increasing age in different 5-

year age groups within each period of follow-up; 

ii. Diagonally downwards to the right, estimates are observed with increasing age, 

independent of time period, by following the same cohort of individuals as they 

get older through different periods of follow-up; and 

iii. Along the rows, estimates are observed over time in each 5-year calendar period, 

within each 5 year age-group.  

 

Table 4.2 presents overall and CHD mortality rates from 1978-80 to 2005 in 5-year age 

groups and according to five 5-year calendar periods. Following the estimates down 

each column shows an increase in mortality rates with increasing age, within each time 
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period. For example, in the period between 1983-85 and 1988-90, the CHD mortality 

rate per 1000 person years was 1.52 in 45-49 year old men and 10.78 in 60-64 years old 

men. Following the estimates diagonally downwards to the right shows that the increase 

in mortality rates with increasing age was independent of time period (same cohort of 

individuals getting older in different time periods). For example, the CHD mortality rate 

for men aged 45-49 was 1.92 in 1978-80 to 1983-85, and this increased to 7.35 when 

the same men were aged 65-69 in 1998-2000 to 2003-2005. In Table 4.2, following the 

estimates horizontally along the rows shows that mortality rates had declined over the 

25 year period, independent of age. For example, CHD mortality rate per 1000 person 

years in 55-59 years olds had halved from 6.46 in the first 5-year period (1978-80 to 

1983-85) to 3.00 in men aged 55-59 years in the 15-20 year period (1993-95 to 1998-

2000).  

4.5.1 Relative social class differences: the influence of age  

Table 4.3 shows age-adjusted hazard ratios comparing manual with non-manual social 

class groups for CHD and all-cause mortality for different 5-year age groups in the five 

5-year calendar periods during the 25-year follow-up. There was evidence that the effect 

of social class on mortality lessened as the men grew older. This is displayed in Table 

4.3, by following the estimates with increasing age both down the columns of the table 

and along the table diagonally downwards to the right. Down the columns (examining 

age effects within each time period) the hazard ratios (manual vs. non-manual) for all-

cause and CHD mortality appear to decrease with increasing age groups. For example, 

within the 5-year period of 1983-85 to 1988-90, the hazard ratio for CHD mortality 

decreased from 1.68 in men aged 45-49 years to 1.10 in men aged 60-64 years. A 

similar pattern was observed in the subsequent periods of follow-up, as well in the 

overall hazard ratios (last column on the right for the entire follow-up period). Another 
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way of examining change in relative inequalities with increasing age is by observing the 

estimates in Table 4.3 diagonally downwards to the right. These estimates for CHD and 

all-cause mortality, which are for the same cohort of men as they get older in different 

time periods, also appear to decrease; for example, the hazard ratio (manual vs. non-

manual) for CHD mortality in 55-59 year old men at baseline decreased from 1.99 in 

the first 5-year period to 1.03 in the last 5-year period of follow-up, when aged 75-79. 

Although this pattern was not consistently seen in all age groups, an analysis across all 

time periods showed that the ratio of hazard ratios for social class differences for a 20-

year increase in age for CHD mortality was 0.73 (95%CI 0.55, 0.98); representing a 

27% decrease in the relative social class difference in CHD mortality risk for a 20-year 

increase in age. The estimated hazard ratio for a manual social class subject would be 

1.84 at age 55, but only 1.34 at age 75 years. The ratio of hazard ratios for social class 

differences in all-cause mortality was 0.77 (95%CI 0.65, 0.91), representing a 23% 

decrease in the relative social class difference in risk for a 20-year increase in age.  

Fitting a term ‘social class*age’ in the model to test for the possibility that the 

relationship between social class and mortality changed significantly with a 20-year 

increase in age provided evidence suggesting that the effect of social class was modified 

by age (p for test for interaction was 0.03 for CHD mortality and 0.003 for all-cause 

mortality). 

4.5.2 Relative social class differences: the influence of period 

The extent to which relative differences in risks of death comparing manual with non-

manual groups had changed over time, independent of age, can be observed in Table 4.3 

by following the estimates horizontally along the rows. The relative hazard for CHD 

and all-cause mortality for men of manual social class appeared to increase over time. 

For example, in men aged 55-59 years, the hazard ratio for CHD mortality in the first 5-
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year period of follow-up (early 1980s) was 1.99, while for men aged 55-59 in the 15-20 

year period of follow-up (late 1990s) it was 2.68; the corresponding hazard ratios for 

all-cause mortality increased from 1.70 to 2.25. Although this pattern was not seen in all 

the five individual time periods, an analysis extending trends across all age groups 

showed that over a 20-year calendar period the hazard ratio for the change in 

manual:non-manual social class was 1.22 (95%CI 0.83, 1.80) for total mortality and 

1.75 (95%CI 0.89, 3.45) for CHD, representing estimated relative increases in the size 

of social class differences of 22% and 75% respectively. Fitting a term ‘social 

class*period’ in the model to test for the possibility that the relationship between social 

class and mortality changed significantly with a 20-year increase in period did not 

provide strong evidence that the effect of social class was modified by period (p for test 

for interaction was 0.11 for CHD mortality and 0.31 for total mortality). Thus, although 

there was no conclusive evidence of any change in relative inequalities, the result 

observed suggested an increase, rather than a decrease, in relative inequalities in 

mortality over time.   

4.5.3 Absolute social class differences: the influence of age and period 

Absolute rate differences in all-cause and CHD mortality between manual and non-

manual social class groups for different calendar periods and age groups are presented 

in Table 4.4. Changes in the absolute difference in mortality rate with increasing age 

can be observed in Table 4.4 by following the estimates both down the columns 

(increasing age within each period) and diagonally downwards to the right (increasing 

age within the same cohort of men). The estimates displayed in each column show that 

within each time period, the absolute difference in mortality rate (manual versus non-

manual) was greater in older age groups. For example, in 1988-90 to 1993-95, the 

absolute difference in CHD mortality rate per 1000 person years increased from 1.70 in 
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50-54 year old men to 4.10 in 65-69 year old men. A similar pattern was observed over 

the entire period of follow-up as seen in the overall absolute rate differences in mortality 

increasing with baseline age, presented in the last column on the right (the absolute 

difference in CHD mortality rate per 1000 person years was 1.27 for men aged 40-44 

years at baseline compared to 2.47 for those aged 55-59 years at baseline). Observing 

the estimates in Table 4.4 diagonally downwards to the right, shows the absolute 

difference in CHD mortality between manual and non-manual groups with increasing 

age in the same cohort of individuals. The absolute social class differences in mortality 

rates appeared to increase, independent of time period, as the men grew older; for 

example the absolute difference per 1000 person years increased from 2.19 when the 

men were aged 45-49 years (in 1978-80 to 1983-85) to 5.10 when they were aged 65-69 

years (in 1998-2000 to 2003-05). 

 

The extent to which absolute social class differences in mortality change over time can 

be examined by comparing estimates within each age-group horizontally across the 

rows of Table 4.4. There appears to be some decrease in absolute risk difference 

between manual and non-manual groups over time, though this is not very consistently 

observed, particularly in the age-groups above 65 years. The absolute difference per 

1000 person years in CHD mortality was 3.96 in men aged 55-59 years in 1978-80 to 

1983-85 compared to 2.44 in those aged 55-59 in 1993-95 to 1998-2000. Results from 

modelling showed that the absolute difference in probability of survival from death of 

any cause from age 40 to age 65 between non-manual and manual subjects was 29% 

(95% bootstrap CI: 7% to 60%) in 1981 (the mid-point of first 5-year period of our 

follow-up) and 19% (95% CI: 4% to 47%) in 2001 (mid-point of last 5-year period of 

follow-up). Similarly, the estimated absolute difference in probability of survival to age 
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65 from CHD decreased from 17% (95% CI: 0 to 64%) in 1981 to 7% (95% CI: 0 to 

35%) in 2001.  

 

4.6 Discussion 

In this study of middle-aged and older British men, total and CHD mortality rates 

declined over the period from 1978 to 2005. However, socioeconomic inequalities in 

all-cause and CHD mortality (both relative and absolute) appeared to persist over this 

period. Men in manual social classes had a greater risk of total mortality and CHD 

mortality compared to men in non-manual social classes. Relative socioeconomic 

inequalities in mortality from all-causes and CHD for manual compared with non-

manual groups narrowed from middle-age as the men got older, although the absolute 

differences increased with age. The relative difference in all-cause and CHD mortality 

between manual and non-manual social class groups appeared to increase rather than to 

decline in the period from 1978 to 2005, though the differences were not statistically 

significant. However, the absolute magnitude of the social class differences appeared to 

decline because of the fall in overall mortality rates over this period.  

4.6.1 Strengths and limitations of findings 

The findings are based on data from a socioeconomically representative sample of 

middle-aged British men. More than 98% of the cohort has been followed-up for over 

25 years through the NHS Central Register and general practice records.282 The main 

strength of these results is that they quantify the extent of socioeconomic inequalities in 

overall mortality and CHD mortality, a leading cause of death, in a defined population 

over an extended period with high rates of follow-up, using a stable indicator of social 

class status, in a way which few earlier studies have been able to do. The social class 
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measure used was based on the longest-held occupation, which was recorded at baseline 

in 1978-80 when subjects were 40-59 years. The longest-held occupation (classified as 

non-manual or manual) is an extremely stable and well-established marker of social 

class, which was defined for almost all study participants. Only 9% of subjects changed 

their social class status under this definition over a 20 year period, confirming the 

stability of the measure (reported in Chapter 3; section 3.9.1 page 87).28 There are 

limitations attributed to the use of an occupation-based social class measure such as the 

inability to capture ethnic/racial disparities within the social classes, and the exclusion 

of those outside the labour force.80 However, this cohort consisted almost entirely of 

White European men, and information on the longest-held occupation was available for 

most of the subjects. Despite possible limitations of using social class based on 

occupation, it was essential for this analysis to have a single measure of socioeconomic 

position which would act as a reference point over the entire study period; longest-held 

occupation is likely to have fulfilled this criterion better than many other measures. 

Dichotomising social class into manual and non-manual groups in the analyses provides 

a stable indicator of changes in the two main social class groups than would be possible 

with six groups. Using these stable and well-defined groups provides a useful summary 

of the extent of inequalities over time to obtain an overall direction of change in 

socioeconomic inequalities for total and CHD mortality.  

 

The present study, however, was based on older men, excluding subjects from inner 

cities, and towns with high mobility, thus excluding ethnic minorities and highly mobile 

people.282 The results may not, therefore, be completely generalisable to younger 

subjects, women and ethnic minority groups and may not be directly generalisable to 

other Western countries. Within the study population, it is possible that the extent of 
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socioeconomic inequalities in early life will have differed appreciably between the 

1920s and 1930s, when unemployment was particularly high. This is difficult to 

examine in the current analyses, in which the effect of age and calendar period was 

considered. Therefore, it was not possible to define the influence of the year of birth of 

the cohort, as all these three effects (age, period and cohort) cannot be taken into 

account in the same statistical model. However, in this cohort of men the influence of 

childhood socioeconomic position on CHD risk was modest, both among subjects born 

in the 1920s and 1930s (presented in Chapter 7; section 7.5.2 on page 199).  Moreover, 

if socioeconomic inequalities were stronger in the 1930s, the effect on the results would 

be to under-estimate either or both the decline in socioeconomic inequalities with age 

and the increase in socioeconomic inequalities with calendar time. 

4.6.2 Time trends in social class differences in all-cause and CHD mortality: 

comparison with previous studies    

In the present study, the extent to which socioeconomic inequalities in mortality from 

all causes and from CHD, the leading cause of death in the UK,7 have changed over a 

period of time in Britain was investigated. Though there are previous studies reporting 

on trends in health inequalities in Britain,34;72;76;307;308;312 little is known about recent 

trends in socioeconomic class inequalities in CHD mortality in the UK since the 1990s. 

The findings from this Chapter are similar to those of some recent studies, which have 

shown that relative inequalities have not narrowed, and may have increased over time in 

Britain.76;307;312 The Acheson report demonstrated a clear widening in relative 

socioeconomic inequalities in all-cause and CHD mortality between the early 1970s and 

1990s.34 A recent Department of Health report demonstrated that absolute differences in 

socioeconomic inequalities, measured by area deprivation, in circulatory disease 

mortality were falling until the early 2000s, with signs of widening relative 
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inequalities.113 This decline in absolute difference, which is important in public health 

terms, probably reflects the declines both in total mortality rates and in CHD mortality 

rates that were observed in this study, and are known to have occurred over the last 3 

decades in the UK.313;314  

 

With increasing age from middle-age, the relative difference in mortality rates between 

social classes declined, but persisted at older ages, while absolute differences increased, 

as a result of the higher death rates among older subjects. The decrease in relative 

socioeconomic differences with increasing age alongside increasing absolute difference 

was also observed in a study on total mortality in 11 European populations.32 The 

persistence of socioeconomic differences in mortality at older ages is consistent with the 

results of other British and European studies.32;315 The relative decline in the importance 

of social class at older ages is in keeping with the widely observed attenuation of other 

risk factor-chronic disease relations at older ages.123;124   

 

In this Chapter, the extent of inequalities over time has been estimated, but the possible 

causal pathways or mechanisms have not been investigated. It has been previously 

reported that an increase in socioeconomic inequalities could be attributed to a decrease 

in rate of disease in higher social class with little or no improvement in lower social 

classes.34;307 This implies greater beneficial changes in social classes I and II compared 

to lower social classes. A more rapid pace of favourable changes in health-related 

behaviours such as smoking and physical activity amongst higher compared to lower 

socioeconomic groups could play a role in contributing to widening inequalities, 

especially for a leading cause of death like coronary disease.307 The cumulative effect of 
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these behavioural and other factors over the life course has also been implicated as a 

pathway of inequalities.316;317 

4.6.3 Interpretation of findings 

The results of the present study suggest that in recent years in Britain, relative 

socioeconomic inequalities in CHD mortality and total mortality have not appeared to 

reduce. This implies that the association between socioeconomic position and mortality 

has continued over the last 25 years in Britain – manual social classes remain at an 

increased risk of mortality compared to non-manual social classes. However, alongside 

overall declines in total mortality and CHD mortality in Britain over the last three 

decades, absolute inequalities were observed to have narrowed. Nevertheless, absolute 

socioeconomic differences in CHD mortality still persist in Britain. With increasing age, 

relative socioeconomic inequalities in mortality narrowed. Absolute differences, 

however, increased with age, reflecting the higher mortality rates in older ages. This 

increased absolute socioeconomic difference in older ages reflects the public health 

burden of these inequalities in CHD in later life.  

4.6.4 Conclusions 

Despite a decrease in absolute social class difference in CHD mortality over 25 years 

until 2005 there is still considerable scope for reducing existing inequalities in 

mortality. The absence of any appreciable reduction in relative socioeconomic 

inequalities over this period implies that manual social class groups continue to be at a 

disadvantage compared to non-manual groups. The results of this Chapter affirm that 

greater efforts are needed or alternative strategies need to be explored if the gap 

between the health of those at the higher and lower end of the socioeconomic hierarchy 

is to be narrowed.  
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Figure 4.1 Kaplan Meier survival curves comparing all-cause mortality according 

to social class in men aged 40-59 years followed-up from 1978-80 to 2005  
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Figure 4.2 Kaplan Meier survival curves comparing CHD mortality according to 

social class in men aged 40-59 years followed-up from 1978-80 to 2005  
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Table 4.1 All-cause and CHD mortality according to social class in men aged 40-59 

years followed-up from 1978-80 to 2005 
 

 All-cause mortality CHD mortality 

 HR (95%CI) HR (95%CI) 

Social class I 1.00 1.00 

Social class II 1.05 (0.88, 1.25) 0.86 (0.64, 1.15) 

Social class III non-manual 1.26 (1.03, 1.53) 1.19 (0.86, 1.64) 

Social class III manual 1.62 (1.38, 1.90) 1.41 (1.09, 1.84) 

Social class IV 1.67 (1.39, 2.01) 1.54 (1.14, 2.09) 

Social class V 2.04 (1.64, 2.53) 1.56 (1.07, 2.28) 
 

     HR=hazard ratio; CI=confidence intervals 
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Table 4.2 Incidence rates per 1000 person years for all-cause and CHD mortality (number of deaths)  by age and in 5-year time periods 

from 1978-80 to 2005  

Age (years) 0-5 years 
1978-80 to 1983-85 

5-10 years 
1983-85 to 1988-1990 

10-15 years 
1988-90 to 1993-95 

15-20 years 
1993-95 to 1998-2000 

20-25 years 
1998-2000 to 2003-05 

40-44 
  N 
  All-cause (n) 
  CHD (n) 

 
1677 
1.97 (16) 
0.46 (4)  

   

 

45-49 
  N 
  All-cause (n) 
  CHD (n) 

 
1838 
4.58 (41) 
1.92 (16) 

 
1661 
3.75 (31) 
1.52 (13) 

  

 

50-54 
  N 
  All-cause (n) 
  CHD (n) 

 
1911 
7.52 (69) 
3.40 (30) 

 
1797 
7.34 (62) 
3.51 (29) 

 
1630 
5.89 (47) 
2.29 (17) 

 

 

55-59 
  N 
  All-cause (n) 
  CHD (n) 

 
1853 
14.22 (129) 
6.46 (58) 

 
1842 
13.45 (119) 
5.75 (52) 

 
1735 
11.28 (94) 
4.95 (41) 

 
1583 
10.39 (78) 
3.00 (22) 

 

60-64 
  N 
  All-cause (n) 
  CHD (n) 

 

 
1724 
27.07 (220) 
10.78 (88) 

 
1723 
19.37 (160) 
7.44 (63) 

 
1641 
15.07 (119) 
5.14 (41) 

 
1505 
13.52 (101) 
2.78 (21) 

65-69 
  N 
  All-cause (n) 
  CHD (n) 

  

 
1504 
30.99 (218) 
9.45 (68) 

 
1563 
32.94 (237) 
9.91 (71) 

 
1522 
27.65 (198) 
7.35 (54) 

70-74 
  N 
  All-cause (n) 
  CHD (n) 

   

 
1286 
52.78 (295) 
16.12 (89) 

 
1326 
45.99 (277) 
12.31 (76) 

75-79 
  N 
  All-cause (n) 
  CHD (n) 

     
991 
74.96 (313) 
22.65 (92) 
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Table 4.3 Age-adjusted hazard ratios (manual compared with non-manual social classes) for all-cause and CHD mortality by age and in 

5-year time periods from 1978-80 to 2005  

Age (years) 0-5 years 
1978-80 to 1983-85 

5-10 years 
1983-85 to 1988-1990 

10-15 years 
1988-90 to 1993-95 

15-20 years 
1993-95 to 1998-2000 

20-25 years 
1998-2000 to 2003-05 

 Overall for each baseline age 
group (95%CI) 

40-44  
  All-cause 
  CHD 

 
1.64 
2.25 

 
    

  
1.75 (1.35, 2.26) 
2.05 (1.25, 3.42) 

45-49 
  All-cause 
  CHD 

 
1.82  
5.26  

 
2.55 
1.68 

   
  

1.67 (1.39, 2.01) 
2.11 (1.53, 2.93) 

50-54  
  All-cause 
  CHD 

 
1.09 
0.87 

 
1.84 
2.90 

 
1.62 
2.48 

  
  

1.60 (1.39, 1.85) 
1.47 (1.15, 1.88) 

55-59  
  All-cause 
  CHD 

 
1.70 
1.99 

 
1.49 
1.52 

 
1.66 
1.49 

 
2.25 
2.68 

 
  

1.37 (1.21, 1.54) 
1.28 (1.04, 1.58) 

60-64 
  All-cause 
  CHD 

 
 
1.65 
1.10 

 
1.99 
1.52 

 
1.74 
1.99 

 
1.39 
1.61  

  

65-69 
  All-cause 
  CHD 

  
 
1.25  
1.56  

 
1.69 
1.33 

 
1.57  
2.03  

  

70-74 
  All-cause 
  CHD 

   
 
1.42 
1.27 

 
1.55 
1.91 

  

75-79 
   All-cause 
  CHD 

    
 
1.15 
1.03 

  

 
Overall for each calendar period 
(95%CI) 
  All-cause 
  CHD 

 
 
 
1.58 (1.21, 2.05) 
1.71 (1.13, 2.62) 

 
 
 
1.68 (1.36, 2.07) 
1.43 (1.05, 1.95) 

 
 
 
1.55 (1.29, 1.86) 
1.59 (1.17, 2.17) 

 
 
 
1.63 (1.39, 1.90) 
1.49 (1.13 1.97) 

 
 
 
1.32 (1.15, 1.52) 
1.49 (1.15, 1.95) 
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Table 4.4 Absolute difference in incidence rates per thousand person years between manual and non-manual social classes for all-cause 

and CHD mortality by age and in 5-year time periods from 1978-80 to 2005 

Age (years) 0-5 years 
1978-80 to 1983-85 

5-10 years 
1983-85 to 1988-1990 

10-15 years 
1988-90 to 1993-95 

15-20 years 
1993-95 to 1998-2000 

20-25 years 
1998-2000 to 2003-05 

 Overall for each 
baseline age group 

40-44 
  All-cause 
  CHD 

 
0.88 
0.35 

    
  

3.53 
1.27 

45-49 
  All-cause 
  CHD 

 
2.54 
2.19 

 
3.10 
0.78 

   
  

5.81 
2.94 

50-54 
  All-cause 
  CHD 

 
0.68 
-0.46 

 
4.09 
3.33 

 
2.70 
1.70 

  
  

8.63 
2.46 

55-59 
  All-cause 
  CHD 

 
6.99 
3.96 

 
5.06 
2.29 

 
5.45 
1.93 

 
7.49 
2.44 

 
  

8.97 
2.47 

60-64 
  All-cause 
  CHD 

 
 
12.66 
1.03 

 
12.23 
3.08 

 
7.92 
3.28 

 
4.12 
1.18 

 
 

65-69 
  All-cause 
  CHD 

  
 
6.80 
4.10 

 
15.96 
2.63 

 
12.26 
5.10 

 
 

70-74 
  All-cause 
  CHD 

   
 
17.22 
3.60 

 
19.00 
7.65 

 
 

75-79 
  All-cause 
  CHD 

    
 
10.49 
0.76 

 
 

 
Overall for each calendar period 
  All-cause 
  CHD 

 
 
3.06 
1.65 

 
 
6.59 
2.01 

 
 
7.19 
2.76 

 
 
12.10 
3.08 

 
 
11.48 
3.92 

  
 

[Permission to reproduce Tables 4.3 and 4.4 has been obtained from the Journal of Epidemiology & Community Health] 
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5 Chapter: Relationship of adult socioeconomic position with established and novel coronary risk factors in older age  
 
Chapter 5  

Relationship of adult socioeconomic position with 

established and novel coronary risk factors in older age 

5.1 Summary 

The mechanisms by which adult socioeconomic position influences coronary heart 

disease (CHD) are not fully understood. Socioeconomic differences in coronary risk 

factors could play an important role in linking socioeconomic position with CHD. This 

Chapter aims to investigate the relationship of social class with both established and 

novel coronary risk factors in older age. Established coronary risk factors include 

behavioural (smoking, physical activity, body weight, alcohol consumption) and 

biological factors (blood pressure and blood lipids). In addition to established risk 

factors, novel coronary risk factors including inflammatory and haemostatic markers, 

metabolic syndrome, insulin resistance, and dietary factors have been hypothesised to 

influence the relationship between social class and CHD. This Chapter investigates the 

relationship of social class with both established and novel factors in older age using the 

British Regional Heart Study, when the men were aged 60-79 years in 1998-2000. 

Lower social class groups had higher levels of cigarette smoking, physical inactivity 

and obesity. Men in lower social classes were more likely to have higher levels of 

triglycerides and lower mean HDL-cholesterol. Lower social class was associated with 

higher levels of inflammatory and haemostatic markers. However, these associations 

were largely explained by behavioural risk factors (smoking, physical activity and 

BMI), though some associations, particularly those of social class with von Willebrand
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factor, interleukin-6 and factor VIII remained statistically significant after the 

adjustments. Metabolic syndrome was also inversely associated with social class; 

adjustment for behavioural factors attenuated this association. Dietary intake of fibre, 

carbohydrates, vitamin C, fresh fruit and vegetables were lower in lower social classes. 

CHD-related dietary nutrients (fat and cholesterol) did not demonstrate social class 

variations.  

  

5.2 Introduction 

As observed in Chapter 4, socioeconomic gradients in coronary heart disease (CHD) are 

present in middle-aged men, with those from lower socioeconomic positions having a 

higher risk of CHD. These inequalities in CHD mortality tended to weaken in relative 

terms with increasing age although the absolute difference increased (Chapter 4). 

Adverse health behavioural risk factors for CHD including cigarette smoking, obesity 

and alcohol consumption,10;11;318 are known to be more frequent in people of lower 

socioeconomic position in middle-age.102;214;319 Similar relations have been observed for 

biological coronary risk factors such as blood pressure, but less so for blood 

lipids.24;25;180 Lower socioeconomic groups have been observed to have lower total 

cholesterol levels than people of higher socioeconomic position.37;100;180 However, 

whether socioeconomic position is related to these established coronary risk factors in 

older age is not fully known. Moreover, in observational studies, mostly in middle-aged 

populations, the socioeconomic gradient in CHD is often not substantially explained by 

these established coronary risk factors.39;85 In more recent years, ‘novel’ coronary risk 

factors including inflammatory and haemostatic markers such as C-reactive protein 

(CRP), fibrinogen and interleukin-6 (IL-6),189;320 have also been reported to be higher in 

lower socioeconomic groups.40;41;213;225;228 This has led to the hypothesis that 
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inflammatory and haemostatic markers could influence the socioeconomic variation in 

CHD.40;102;227;321 Most studies so far have reported on the relationships between 

socioeconomic position and inflammatory markers such as fibrinogen, CRP and IL-

6,40;41;225;228 and less is known about the relationships of haemostatic markers implicated 

in CHD risk (e.g. von Willebrand factor, factor VIII, tissue plasminogen activator 

antigen) with socioeconomic position. More recently also, the clustering of some 

cardiovascular risk factors (obesity, dyslipidemia, hyperglycaemia, hypertension and 

insulin resistance) in the form of the metabolic syndrome has also been reported to be 

associated with an increased risk of CHD,322;323 although not all studies provide 

evidence for this.204 Even though the role of the metabolic syndrome as a cardiovascular 

risk marker is contentious,201 there has been an increasing interest in investigating the 

relationship of socioeconomic position with the clustering of metabolic risk 

factors.14;236;324 It has also been postulated that metabolic syndrome might explain the 

link between socioeconomic position and CHD.233;242 However, the association between 

socioeconomic position and metabolic syndrome has not been completely consistent 

between studies,14;240;241 and it is possible that the relationship is confounded by 

behavioural coronary risk factors, which are strongly related both to metabolic 

syndrome and to socioeconomic position.45;236;237;240;241;261 An association between 

socioeconomic position and the metabolic syndrome independent of behavioural factors 

has been proposed to form a direct pathway linking socioeconomic position and 

CHD,14;233;242 possibly working through neuroendocrine mechanisms responsible for 

dyslipidemia, insulin resistance, high blood pressure and obesity.234 Dietary intake, 

another health behavioural factor, particularly the consumption of fat, fruits and 

vegetables has also been reported to be related to CHD247;325-327 as well as to 

socioeconomic position, with lower socioeconomic groups consuming less healthy diets 
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compared with higher socioeconomic groups.246;252 This Chapter aims to assess the 

relation between socioeconomic position and coronary risk factors in later life, at ages 

60-79 years with a particular focus on novel risk factors. While this Chapter examines 

the extent of social class differences in coronary risk factors, the following Chapter will 

address the contribution of these risk factors to explaining socioeconomic differences in 

CHD.  

 

5.3 Objectives 

The objectives of this Chapter are:  

i) To examine the association of social class with behavioural coronary risk factors 

(cigarette smoking, physical activity, alcohol consumption and body mass index); 

ii) To assess the association of social class with biological coronary risk factors (blood 

pressure, blood lipids);  

iii) To examine the association between social class and inflammatory/haemostatic 

markers known to be related to CHD, in men free of chronic diseases and taking 

account of the potential confounding effects of behavioural risk factors (cigarette 

smoking, body mass index, physical activity and alcohol consumption); 

iv) To evaluate the association between social class and metabolic syndrome and to 

assess whether this is independent of behavioural factors (smoking, physical activity 

and alcohol consumption); 

v) To assess the association between social class and dietary intake implicated in CHD 

risk.  
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5.4 Methods 

Data for this Chapter comes from the 20 year re-examination of the British Regional 

Heart Study in 1998-2000, when subjects were aged 60-79 years. All men completed a 

mailed questionnaire providing information on their lifestyle and medical history, had a 

physical examination and provided a fasting blood sample. The men were requested to 

fast for a minimum of 6 hours and to attend a measurement session at a specified time 

between 0800 and 1800. 4252 men (77% of those still alive) attended the examination 

and 4094 men (74%) had at least one measurement of the biological factors. The 

indicator of socioeconomic position used was occupational social class, based on the 

longest-held occupation measured at baseline when men were aged 40-59 years, and 

classified using the Registrar General’s Social Class Classification into social class I, II, 

III non-manual (III NM), III manual (III M), IV and V.300  

5.4.1 Behavioural risk factors 

Detailed information on cigarette smoking habits, physical activity and alcohol 

consumption was collected at age 60-79 years, as described in the methods Chapter 

(section 3.7.3 to 3.7.5 page 82). Based on frequency and number of alcoholic drinks 

consumed on average in a week, occasional drinking was defined as <1 unit of 

alcohol/week, light/moderate drinking as 1-42 units/week and heavy drinking >42 

units/week (1 UK unit = 10g). Physical activity scores were assigned on the basis of the 

frequency and type of activity and the men were divided into 6 groups: none, 

occasional, light, moderate, moderately-vigorous and vigorous. Subjects in the 

categories of ‘none’ or ‘occasional’ activity were grouped together as ‘inactive’. Body 

mass index (BMI) was calculated (weight/height2 in kg/m2) for each man at the physical 

examination. BMI greater than or equal to 30 kg/m2 was defined as obese.  
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5.4.2 Biological risk factors 

As part of the physical examination, blood pressure was measured and fasting blood 

samples were collected as described in Chapter 3 (sections 3.8.1 and 3.8.2 page 85 and 

86). Biological risk factors investigated in this Chapter were systolic and diastolic blood 

pressure, triglycerides, total cholesterol, high density lipoprotein cholesterol (HDL-C) 

and low density lipoprotein cholesterol (LDL-C). Total and HDL cholesterol were 

analysed using the methods of Siedel et al294 and Sugiuchi et al295 respectively. Low-

density lipoprotein (LDL) cholesterol was calculated using the Fredrickson-Friedwald 

equation.296  

5.4.3 Inflammatory and haemostatic markers 

A range of inflammatory and haemostatic markers, many of which were associated with 

CHD in previous reports,13;189;193;320;328;329 were measured in the blood samples – C-

reactive protein (CRP), fibrinogen, interleukin-6 (IL-6), factor VIII, von Willebrand 

factor (vWF), tissue plasminogen activator (t-PA) antigen, plasma viscosity, fibrin D-

dimer, white blood cell (WBC) count, platelet count, activated protein C (APC) ratio, 

activated partial thromboplastin time (aPTT), and haematocrit. Details of the laboratory 

measurements of these markers are described in Chapter 3 (section 3.8.2 page 86).  

5.4.4 Metabolic syndrome and insulin resistance 

Metabolic syndrome was defined according to the National Cholesterol Education 

Programme criteria which included three or more of the following: (1) fasting plasma 

glucose of at least 110 mg/dL (6.1 mmol/L), (2) serum triglycerides of at least 

150 mg/dL (1.7 mmol/L), (3) serum HDL-C less than 40 mg/dL (1.04 mmol/L), (4) 

blood pressure of at least 130/85 mmHg or on anti-hypertensive treatment or (5) waist 

circumference of more than 102 cm.330 Insulin resistance was estimated using the 
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homeostasis model assessment (HOMA) as the product of fasting glucose (mmol/l) and 

insulin (μU/ml) divided by the constant 22.5.331  

5.4.5 Dietary factors 

Dietary intake was recorded from a detailed 7-day food frequency questionnaire as 

described in Chapter 3 (section 3.7.6 page 84).288 Nutrient intakes were calculated from 

a validated program using the food frequency of standard portion sizes for each food 

and the nutrient composition of the foods obtained from the UK food composition 

tables.289 Dietary factors implicated in CHD risk were included – total fat, 

polyunsaturated fat, saturated fat, cholesterol, total fibre, and vitamin C.206 To assess 

intake of fresh fruit and vegetables, men were asked how often (number of days each 

week) they ate fresh fruit and vegetables in summer and winter. Information on plasma 

vitamin C was also available from blood samples.  

5.4.6 Rationale for analyses 

The relationship of socioeconomic position with coronary risk factors in older age was 

examined by using occupational social class as the measure of socioeconomic position. 

The levels of different coronary risk factors were examined according to social class 

groups (I to V). The relationship of social class with metabolic syndrome was adjusted 

for behavioural risk factors (smoking, physical activity and alcohol consumption) which 

are potential confounders related both to metabolic syndrome and social class.14;45 

Similarly the relationship between social class and insulin resistance (being in the top 

fourth of the HOMA distribution) was adjusted for behavioural risk factors (smoking, 

physical activity and alcohol consumption). After adjustment for these behavioural 

factors, the effect of insulin resistance was also adjusted for BMI, since BMI is strongly 

associated with insulin resistance and social class.290;332;333 The analysis on metabolic 
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syndrome and insulin resistance excluded men with prevalent diabetes, identified as 

those with a doctor diagnosis of diabetes or fasting glucose of ≥7 mmol per litre 

(n=385), because of the greater prevalence of metabolic syndrome and insulin resistance 

in diabetics.  

 

Analyses of the association between social class and inflammatory/haemostatic markers 

excluded 1570 men with chronic diseases or conditions that have been shown to be 

associated with changes in levels of haemostatic and inflammatory factors.12;197;334 

Subjects with chronic diseases were those who reported a doctor-diagnosis of 

myocardial infarction, angina, stroke, or diabetes, as well as those who were currently 

taking anti-inflammatory drugs for musculoskeletal disorders or taking warfarin. To 

take into account potential confounders, factors which have been shown to be associated 

with haemostatic and inflammatory markers in the present study and in other reports, 

such as smoking, BMI, alcohol intake and physical activity, were also adjusted 

for.43;44;196;335 Further adjustment for systolic blood pressure, HDL-C, triglycerides and 

insulin and glucose levels was also carried out. 

5.4.7 Statistical methods 

Logistic regression was used to calculate age-adjusted odds ratios with 95% confidence 

intervals (CI) for categorical variables including cigarette smoking, alcohol 

consumption, obesity, and metabolic syndrome for the six social class groups (social I 

was the reference group). Similarly, odds ratios (95%CI) according to social class were 

calculated for the individual components of the metabolic syndrome and for being in the 

top fourth of the distribution of HOMA (insulin resistance). Analysis of covariance was 

used to obtain age-adjusted mean levels of biological risk factors, 

inflammatory/haemostatic markers and dietary factors according to social class. The 
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distributions of triglycerides, CRP, IL-6, fibrin D-dimer, WBC count, aPTT, dietary 

total fat, saturated fat, polyunsaturated fat, dietary cholesterol, dietary cereal fibre, 

vitamin C, plasma vitamin C, were positively skewed and required log transformation. 

Mean levels of dietary nutrients were adjusted for total energy intake. For the 

adjustments, age, BMI, systolic blood pressure, HDL-C, triglycerides and insulin and 

glucose levels were fitted as continuous variables. Tests for trend were carried out by 

fitting social class as a continuous variable in the models.   

  

5.5 Results 

5.5.1 Social class and behavioural factors 

The relationship of social class with cigarette smoking is presented in Table 5.1. Men in 

lower social class groups were more likely to be current smokers. Men in manual social 

classes (social classes IIImanual, IV, V) compared to non-manual social classes (I, II, 

IIInon-manual), were twice as likely to be current smokers (age-adjusted odds ratio was 

2.04; 95%CI 1.68, 2.48). On the other hand, the likelihood of being ‘never smokers’ 

was lower in manual social classes and decreased from social class I to V (age-adjusted 

odds ratio for social class V compared to social class I was 0.26; 95%CI 0.16, 0.42). 

The prevalence of ex-smokers was greater in lower compared to higher social class 

groups.   

 

 Table 5.2 shows the association between social class and alcohol consumption. The 

proportion of non-drinkers and occasional drinkers increased from social class I to 

social class V (p for trend <0.0001 for both). There were fewer men who were 

light/moderate drinkers in lower social classes. The age-adjusted odds ratio for being a 
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light/moderate drinker in social class V compared to social class I was 0.35 (95%CI 

0.23, 0.63). The proportion of heavy drinkers was greater in social class V compared to 

social class I, although this association was not statistically significant possibly due to 

the small number of heavy drinkers (the age-adjusted odds ratio for heavy drinking in 

social class V vs. social class I was 2.09; 95%CI 0.67, 6.51; p for trend 0.44). 

 

 Table 5.3 shows the association of social class with physical activity, obesity and mean 

BMI. Men in lower social class groups were more likely to be physically inactive and 

were less likely to be engaged in moderate-vigorous physical activity (the age-adjusted 

odds ratio for physical inactivity in social class V vs. I was 2.55, 95%CI 1.66, 3.91; p 

for trend <0.0001). The proportion of men who were obese increased from social class I 

to V. The age-adjusted odds ratio for obesity in social class V compared with I was 2.35 

(95%CI 1.41, 3.91). The mean BMI levels tended to be greater in manual social classes.  

5.5.2 Social class and biological coronary factors 

Table 5.4 shows the relationships of social class with blood pressure and blood lipids. 

Mean systolic and diastolic blood pressure levels did not vary by social class. Higher 

mean levels of triglycerides were present in lower social class groups (age-adjusted p 

for trend 0.0007); this association was markedly attenuated when adjusted for BMI (p 

for trend 0.13). Age-adjusted mean levels of HDL-C decreased from social class I to 

social class V (p for trend <0.0001). This trend did not substantially change when 

adjusted either for BMI (p for trend 0.008) or for triglycerides (p for trend 0.003). Total 

cholesterol and LDL-C did not demonstrate a significant variation by social class in 

age-adjusted analyses.  
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5.5.3 Social class and inflammatory and haemostatic markers 

Table 5.5, Table 5.6 and Table 5.7 show the relationships of social class with mean 

levels of inflammatory and haemostatic markers in men with no previous history of 

doctor-diagnosed diabetes or cardiovascular disease and who were not taking warfarin 

or medications for musculoskeletal disorders. In age-adjusted analyses, mean levels of 

inflammatory/haemostatic markers (CRP, fibrinogen, fibrin D-dimer, WBC, IL-6, vWF, 

factor VIII, plasma viscosity, and platelet count) increased from social classes I to V (all 

p for trend <0.05. See Table 5.5 and Table 5.6), showing inverse social class gradients. 

When further adjusted for behavioural risk factors (cigarette smoking, physical activity, 

BMI and alcohol consumption), social class gradients in levels of fibrinogen, fibrin D-

dimer and WBC count were considerably weakened (Table 5.5). The social class 

gradient in CRP level was also weakened, although the trend remained significant 

(Table 5.5). In separate stepwise analyses examining the effect of adjustment for 

individual behavioural risk factors, it was apparent that most of these attenuations were 

caused by cigarette smoking. The relations of mean levels of IL-6, vWF, factor VIII, 

plasma viscosity and platelet count according to social class were only slightly altered 

after adjustment for behavioural factors (Table 5.6). Further adjustment for biological 

coronary risk factors (systolic blood pressure, HDL-C, triglycerides, insulin and 

glucose) did not appreciably alter the above relationships. No association was seen 

between social class and t-PA antigen, haematocrit, APC ratio or aPTT in age-adjusted 

analyses (Table 5.7).  

5.5.4 Social class and metabolic syndrome  

Among men without prevalent diabetes defined in 1998-2000, 817 men (28%) had 

metabolic syndrome. Table 5.8 shows the prevalence of and odds ratios for metabolic 

syndrome according to social class. Age-adjusted analysis showed an inverse social 
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gradient in metabolic syndrome, with increasing odds of the metabolic syndrome from 

social class I to social class V (age-adjusted odds ratio for having metabolic syndrome 

in social class V compared to I was 1.64; 95%CI 0.98, 2.76; p for trend 0.0005). This 

association was markedly attenuated when adjusted for behavioural risk factors 

including cigarette smoking, physical activity and alcohol consumption; the trend in the 

social class gradient was no longer significant after these adjustments (odds ratio for 

social class V vs. social class I attenuated to 1.22; 95%CI 0.71, 2.08; p for trend 0.06).  

 

Table 5.9 shows the relationship of social class with individual components of the 

metabolic syndrome. Social class was associated with higher levels of 4 of the 5 

metabolic syndrome components; the risk of having high blood pressure, high 

triglycerides, high waist circumference and low HDL-cholesterol was greatest in social 

class V and lowest in social class I. Adjustment for behavioural risk factors attenuated 

these associations between social class and the individual components of metabolic 

syndrome, except for those for waist circumference and high blood pressure, which 

were little affected by adjustment. Compared with social class I, social class V had a 

two-fold greater risk of having low HDL-cholesterol levels (<1.04 mmol/L) and a 

similar increased risk of having high waist circumference (>102 cm). After adjustment 

for behavioural factors (smoking, physical activity and alcohol consumption), the odds 

ratio for social class V compared with social class I for low-HDL cholesterol attenuated 

to 1.55 (95%CI 0.86, 2.79), while an increased risk for high waist circumference in 

social class V remained (odds ratio 1.71; 95%CI 1.02, 2.88). Table 5.10 shows the 

association between social class and HOMA (insulin resistance). The risk of being in 

the top fourth of HOMA distribution increased from social class I to social class V (p 

for trend 0.02). This gradient was attenuated when adjusted for behavioural factors. The 
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age-adjusted odds ratio for high HOMA was 2.47 (95%CI 1.44, 4.23) for social class V 

compared with social class I, which reduced to 1.98 (95%CI 1.13, 3.46; p for trend 

0.17) after adjustment for behavioural factors (smoking, physical activity and alcohol 

consumption). This increased risk of high HOMA in social class V was attenuated to 

1.46 (95%CI 0.79, 2.68) when further adjusted for BMI.   

5.5.5 Social class and dietary factors 

Age-adjusted mean levels of different dietary factors for each social class group are 

presented in Table 5.11. Dietary intake of total fat, saturated fat, polyunsaturated fat and 

cholesterol did not show social class differences. Fibre intake (total, cereal and 

vegetable fibre) decreased from social class I to social class V. Intakes of vitamin C and 

fresh fruit and vegetables were also significantly lower in lower social class groups. 

These relationships were not substantially altered when adjusted for cigarette smoking 

or BMI (results not shown). Plasma vitamin C also showed inverse social class 

gradients, with decreasing plasma levels from social class I to social class V.  

 

5.6 Discussion 

Several established and novel coronary risk factors in this study of older British men 

were related to social class. Lower social classes had higher levels of unfavourable risk 

factors, including higher prevalences of cigarette smoking, physical inactivity, obesity, 

higher triglycerides levels and low HDL-cholesterol. The levels of inflammatory and 

haemostatic markers, and metabolic syndrome increased with decreasing social class. 

These social class relationships with inflammatory/haemostatic markers and metabolic 

syndrome were substantially explained by behavioural risk factors, but some with vWF 

and factor VIII persisted. Dietary fat intake (total, saturated and polyunsaturated) and 
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dietary cholesterol did not demonstrate associations with social class. Lower social class 

was associated with lower consumption of fresh fruit and vegetables and vitamin C, and 

also with plasma vitamin C; levels of these factors decreased from the highest to lowest 

social class.   

5.6.1 Strengths and limitations of findings 

A particular strength of these results is that they are based on a socioeconomically and 

geographically representative sample of older British men. Such a socially 

representative sample is a particular strength when studying socioeconomic variations 

in coronary risk factors. Using this sample, the relation of a range of different 

haemostatic/inflammatory markers with social class has been explored, some of which 

have not been studied before in this context. Another strength of these results is the 

validity of the measure of socioeconomic position used, which can be difficult to 

characterise in older populations. Socioeconomic position was based on the longest-held 

occupation assessed at middle-age when the men were aged 40-59 years. Therefore, this 

measure is likely to be a stable measure of socioeconomic position over most of adult 

life, and is likely to reflect socioeconomic conditions even in older age. A limitation of 

the results is that the study sample of older British men excluded subjects from inner 

cities and towns with high mobility, thus with little information on ethnic minority 

groups and highly mobile people. The results may not, therefore, be generalisable to 

younger subjects, women, ethnic minority groups and other Western populations. Also, 

the results are based on cross-sectional analyses, which limits the extent to which causal 

inferences can be drawn between social class and particularly, inflammatory markers 

such as vWF and factor VIII.  
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A potential limitation of the results arises due to the possibility of bias in reporting of 

health behavioural risk factors including cigarette smoking, alcohol consumption and 

physical activity. If random misreporting of these risk factors occurred in all social class 

groups, the strength of the associations presented would be underestimated. Systematic 

misreporting of behavioural factors in different social class groups could result in 

altering the results in either direction depending on which social class groups 

over/under report. Although it was not possible to validate whether misreporting of 

these risk factors differed systematically by social class, a close agreement between 

reported smoking and cotinine levels had been previously observed in this population 

sample, and in other studies;136;336 the agreement between cotinine levels and reported 

smoking was similar in non-manual and manual social class groups. It is also possible 

that smokers and heavy drinkers with higher mortality rates had died at an earlier age, 

resulting in a healthier sample at 60-79 years with fewer smokers and heavy drinkers. 

Nevertheless, this issue of selection or survival bias is inherent when studying older 

populations. While this issue may weaken the associations between social class and 

behavioural risk factors in an older population, the results presented in this Chapter are 

consistent with the relationship of smoking, physical activity and alcohol consumption 

with social class observed when the study participants were middle-aged.37;285   

 

Imprecise measurement of physiological and biological markers due to measurement 

error or short-term deviation from average levels is also likely to have occurred. 

Previous work using a one-week repeatability study indicated that measurement errors 

existed to some extent for nearly all biological and inflammatory markers except for 

HDL-C and BMI.337;338 This implies that the relationships of these biological and novel 

risk factors with social class presented in this Chapter are possibly weaker than the true 
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associations. Single measurements and inaccurate reporting of dietary intake could also 

result in measurement errors for dietary intake. An indication of the validity of reported 

dietary intake, however, is that social class gradient in dietary vitamins C was consistent 

with that of plasma vitamin C.  

5.6.2 Comparison with previous studies 

5.6.2.1 Social class and behavioural risk factors 

A number of studies in middle-aged populations have explored the relationship of 

socioeconomic position with behavioural risk factors.24;37;102;180;214;261;319 The social 

class differences in cigarette smoking, physical inactivity, and obesity observed in the 

older men of the British Regional Heart Study were similar to the patterns of association 

previously described in middle-age, with greater levels of adverse behavioural factors in 

lower socioeconomic groups.24;37;102;180;214;261;319 However, few such studies have been 

carried out in older people and only one of these were based in the UK, although some 

evidence is available from studies in other countries. In the English Longitudinal Study 

of Ageing (ELSA), men and women aged >60 years in routine/manual social class were 

more likely to be current smokers and less physically active compared to those aged 

>60 years in professional/managerial social classes.119 Manual workers in a Swedish 

population-based study of men and women ≥65 years showed greater rates of cigarette 

smoking, physical inactivity and obesity than professional employees.121 Similar 

differences in cigarette smoking were observed according to education and income 

levels in a US study of men and women aged ≥65 years, in which lower educational and 

income levels were associated with greater prevalences of current smokers.218 Obesity, 

physical activity and heavy alcohol consumption were also greater in people of lower 

educational levels, and lower occupational social classes in a Spanish non-
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institutionalised population aged over 60 years.216 Heavy drinking did not vary 

significantly by social class in the present study, possibly due to the small proportion 

(3%) of heavy drinkers in this group of older men. In middle-age, however, when heavy 

drinking was more prevalent, the men of manual social classes in the British Regional 

Heart Study were observed to be far more likely to be heavy drinkers than non-manual 

social classes.285 In the present study, older men of lower social classes were more 

likely to be non-drinkers or occasional drinkers, which maybe due to a greater 

prevalence of co-morbidities in these social classes resulting in reducing/giving up 

alcohol consumption. Regular light/moderate drinking was greater in higher social 

classes, which was also previously observed when the cohort was middle-aged.285 This 

social class pattern of alcohol consumption (higher prevalence of light drinking in 

higher social classes) is consistent with previous studies in middle-aged 

populations.214;261  

5.6.2.2 Social class and biological coronary risk factors 

Among biological coronary risk factors, social class appeared to be related only to 

triglycerides and HDL-cholesterol, while there was no evidence of social class variation 

in total cholesterol, LDL-cholesterol or blood pressure. The association of social class 

with triglycerides could be due to greater levels of BMI in lower social class groups 

since the association was reduced on adjustment for BMI. However, the cross-sectional 

nature of the analyses and the fact that BMI is more precisely measured than 

triglyceride limits the assumption that BMI completely explains the association between 

social class and triglyceride. The associations of socioeconomic position with blood 

lipids are known to be inconsistent from studies in middle-aged subjects; some studies 

found no association between triglycerides or HDL-cholesterol and socioeconomic 

position,102;339 while others did.227;259;333 Evidence for a relationship between 
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socioeconomic position and total cholesterol in the literature has also been weak,24;102;340 

and if anything lower socioeconomic groups have been observed to have lower levels of 

total cholesterol in middle-age.37;39;180 This was also observed in some studies in older 

populations.218;219 The social class variations in blood pressure in the above results 

appeared to be weaker than the associations seen when the study participants were 

middle-aged.37 While most studies in middle-aged men,24;180;340 have demonstrated an 

inverse relation between socioeconomic position and blood pressure, there are fewer 

studies in older subjects. In ELSA, there did not appear to be a social class variation in 

hypertension in older men (>60 years), although among women (>60 years) the 

prevalence of hypertension was greater in those of routine/manual social classes 

compared to those in managerial groups.119 Some studies report lower socioeconomic 

position to be associated with higher blood pressure in older age,121;216;217 while another 

study reported a weak association in subjects ≥65 years.218 

5.6.2.3 Social class and inflammatory/haemostatic markers 

Various inflammatory and haemostatic markers are now known to be related to CHD 

risk not only in middle-age but also in the elderly.12;194;232 Inflammatory and 

haemostatic markers are increasingly being seen as important potential influences on the 

relation between social class and coronary heart disease.40 The results of this Chapter 

showed an inverse social class gradient in inflammatory and haemostatic markers 

independent of chronic diseases in older British men free from cardiovascular disease, 

diabetes or musculoskeletal disease. The gradients were, however, substantially 

explained by behavioural risk factors, particularly cigarette smoking, but also BMI and 

physical activity; the socioeconomic gradients were substantially attenuated for 

fibrinogen, fibrin-D dimer and WBC count, and also weakened for CRP, after 

adjustment for behavioural factors. These findings are consistent with some 
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studies,41;227;231 although other studies have reported a social class relationship of 

markers like CRP and fibrinogen independent of these risk factors.40;213;223;225 It is well 

established that there are higher levels of inflammatory/haemostatic markers in cigarette 

smokers, those who are more inactive and those who are obese.43;44;196;335  Because these 

behavioural factors are also graded by socioeconomic position,85;97;180 they could have a 

strong confounding effect on the association of social class with inflammatory or 

haemostatic markers. While most of these previous studies are in middle-aged subjects, 

one study in an elderly population showed that behavioural risk factors were largely 

responsible for the relationship between inflammatory markers (CRP and IL-6) and 

socioeconomic position.41 In the results of this Chapter, the social class gradient in the 

levels of some markers were only slightly diminished after taking behavioural risk 

factors into account; IL-6, plasma viscosity and platelet count had a modest independent 

relationship with social class, while the vWF–factor VIII complex had a stronger, 

consistent relation. Though a similar gradient existed for vWF in the Whitehall II 

study,229 no such social class relationship was found in vWF and other haemostatic 

markers in the Caerphilly study.230 In the Whitehall II study, a greater and more 

prolonged response of vWF and factor VIII to mental stress was also associated with 

low social class.224 Although a graded association between social class and vWF 

independent of lifestyle/behavioural factors was observed in the present study, the 

cross-sectional nature of the data cannot establish a causal association between social 

class and vWF, nor can it provide direct evidence that vWF mediates the relationship 

between social class and CHD. To do this, prospective study information would be 

needed. There is also a possibility of residual confounding underlying the apparent 

relationship of haemostatic markers such as vWF with social class. Other confounding 

factors such as social area deprivation,341 and genetic factors,342 which have been 
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reported to be related to higher levels of inflammatory or haemostatic markers, may 

explain the socioeconomic variation in these markers. Second, imprecision in the 

measurement/ascertainment of covariates such as smoking and physical activity, leading 

to less precise adjustments, may also result in residual confounding.  

5.6.2.4 Social class and metabolic syndrome 

The clustering of cardiovascular risk factors (hypertension, insulin resistance, 

hyperglycaemia and dyslipidemia) in the form of the metabolic syndrome,200 has in 

recent years been found to be associated with increased CHD risk.15 The metabolic 

syndrome has also been reported to be related to socioeconomic position.14;42;237 Given 

that established coronary risk factors do not always substantially explain the 

socioeconomic gradient in CHD in middle-aged populations,38;39 the metabolic 

syndrome has been postulated to be a possible biological mediator for socioeconomic 

inequalities in CHD.14 Behavioural factors including physical inactivity and cigarette 

smoking, which are important risk factors for the metabolic syndrome,45;241 are also 

related to socioeconomic position261 and can, therefore, be expected to confound the 

association between socioeconomic position and metabolic syndrome. In the Whitehall 

II Study (subjects aged 39-63 years), lower compared to higher employment grades had 

about a two-fold greater risk of metabolic syndrome, although behavioural factors 

(smoking, physical exercise and alcohol consumption) made little contribution to this 

relationship.14 Lower household wealth was also found to be associated with a greater 

risk of metabolic syndrome, independent of behavioural factors, in the Whitehall II 

Study.244 Studies in Finnish and Danish populations, also reported socioeconomic 

inequalities in metabolic syndrome by educational levels, which remained after 

adjustment for behavioural factors.233;242 However, evidence for the association between 

socioeconomic position and metabolic syndrome has not been entirely 
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consistent.14;42;233;236;237;244 In the National Survey of Health and Development, when the 

participants were aged 53 years, lower education was associated with an increased risk 

of metabolic syndrome, while social class was significantly associated in women but not 

in men; the influence of behavioural factors on these relationships was not reported.243 

A population-based study in South Korea, also found no significant variation in 

metabolic syndrome by educational or income levels in men, whereas stronger 

independent associations were observed in women.237 Similarly, a weaker association 

between socioeconomic position and metabolic syndrome in men compared to women 

was observed in two other studies.42;236 The influence of adult behavioural risk factors, 

particularly physical activity, on metabolic syndrome was found to be much stronger 

than that of social class, in a study in Newcastle, UK, comprising subjects aged 49-51 

years.241 Another study reported that behavioural factors modified the relationship 

between socioeconomic position and metabolic syndrome.240 Most of the studies so far 

have been on middle-aged subjects. However, in the older men of the British Regional 

Heart Study an independent association between social class and insulin resistance or 

the metabolic syndrome was not observed. The results of this Chapter showed that 

behavioural risk factors (physical activity, smoking and alcohol consumption) were 

responsible for the relationship between social class and metabolic syndrome, as seen in 

other studies.240;241 In the present study, the risk of lower social class groups having 

greater insulin resistance (high HOMA) was also diminished when behavioural risk 

factors were taken into account and was further attenuated by BMI. This lack of an 

independent relationship of social class with metabolic syndrome and insulin resistance 

is consistent with the previously reported finding in this cohort of the lack of an 

association between social class and incident type 2 diabetes,343 which is strongly 

related to insulin resistance and metabolic syndrome.204;344;345  
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Of the individual components of the metabolic syndrome, social class had a particularly 

strong relationship with high waist circumference (central adiposity) in the above 

results, an effect that was independent of behavioural risk factors. This association of 

social class with central adiposity was stronger than with metabolic syndrome itself. 

Obesity or central adiposity has also been reported to be strongly associated both with 

social class,14 and metabolic functioning.45;346;347 While the metabolic syndrome has 

been widely reported to increase the risk of CHD, it has also been found that the 

syndrome itself may not predict CHD risk any more than the individual components.348 

It is, therefore, likely that the role of metabolic syndrome in socioeconomic inequalities 

in CHD is largely due to behavioural factors and central adiposity/obesity, which are 

important coronary risk factors in their own right.349   

5.6.2.5 Social class and dietary factors 

In the results of this Chapter, there was no evidence of social class differences in the 

dietary intakes of most of the CHD-related nutrients – dietary intake of total fat, 

cholesterol, saturated fat and polyunsaturated fat were not associated with social class, 

while the intakes of dietary fibre and of fresh fruit and vegetables increased from lower 

to higher social class. The lack of an association between social class and dietary fat is 

consistent with the lack of an association observed between social class and blood 

cholesterol. Dietary as well as plasma levels of vitamin C were lower in lower social 

class groups. These patterns of socioeconomic differences in dietary consumption 

(social class differences absent in fat intakes but present for fibre and fruit and vegetable 

consumption) observed in the present study are consistent with results from other 

British studies.248;251;350 Socioeconomic differences in nutrients like vitamin C and fibre 

intake could reflect variations in food consumption patterns, such as the social class 
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variations in fruit and vegetable intake. Previous reports have alluded to determinants of 

dietary behaviours such as nutritional knowledge, access to and availability of healthy 

food products, and aspects of local food environment.351-353 Although vitamin C has 

been suggested to have a protective effect on coronary disease,207 there is no evidence to 

substantiate this from large randomised trials.208;209 Dietary fibre also has been found to 

have only a weak protective effect on CHD independent of other coronary risk 

factors.354-358 Vitamin C and dietary fibre are, therefore, unlikely to play an important 

role in influencing the relationship between socioeconomic position and CHD. The 

weak association between dietary fat intake and socioeconomic position suggests that 

dietary factors have a limited role in contributing to socioeconomic differentials in 

CHD.249;359 A decline in CHD mortality in social classes I and II between 1974 and 

1981 in Britain was observed to correspond more closely with a decline in smoking 

rates in these social classes, while dietary fat intake patterns did not vary by social 

class.249 Although adjustment for cigarette smoking did not appreciably alter the 

relation between social class and dietary factors in the results of this Chapter, strong 

interrelationships of smoking, and dietary patterns have been reported, with smokers 

having lower intake of fibre compared with non-smokers.246 This highlights the greater 

potential contribution of smoking to socioeconomic variations in CHD than dietary 

factors.246;359   

5.6.3 Interpretation of findings 

Several established and novel coronary risk factors in older age were found to be related 

with socioeconomic position. In older men of the British Regional Heart Study, 

established behavioural coronary risk factors, particularly cigarette smoking, physical 

inactivity and obesity were more prevalent in lower social classes. Biological coronary 

risk factors, such as HDL-cholesterol in older age were also observed to show social 
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class variations. Of the novel risk factors, haemostatic markers including vWF appeared 

to be related to social class independent of behavioural factors. The relationships of 

these coronary risk factors with socioeconomic position imply their potential for 

contributing to socioeconomic inequalities in older age. 

5.6.4 Conclusions 

Established as well as novel coronary risk factors are related to social class. Higher 

levels of adverse behavioural risk factors such as cigarette smoking, physical inactivity 

and obesity were observed in older British men who were of lower social class groups. 

Social class gradients in biological coronary risk factors were weak except for HDL-

cholesterol, which was lower in lower social classes. Dietary fat intake did not show 

strong social class variations, although intakes of dietary fibre, vitamin C and of fresh 

fruit and vegetables decreased from higher to lower social classes. Metabolic syndrome 

was not related to social class independent of behavioural risk factors. The social class 

gradient in circulating inflammatory and haemostatic markers was to a large extent 

explained by the higher levels of adverse behavioural risk factors (particularly smoking) 

in lower social class groups. The contribution of established and novel coronary risk 

factors, including inflammatory and haemostatic markers, to the socioeconomic gradient 

in CHD in older age needs to be further evaluated in prospective analyses, as presented 

in Chapter 6.  
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Table 5.1 Relationship of social class with cigarette smoking in men aged 60-79 years in 1998-2000 

 
 Social class 

 I II III non-manual III manual IV V p for trend 

 N  402 1128 432 1672 370 121  

        
Current smokers 
   n (%)* 

 
24 (6) 

 
102 (9) 

 
44 (10) 

 
258 (15) 

 
77 (21) 

 
15 (12)  

  OR (95%CI)† 1.00 1.58 (0.99, 2.50) 1.80 (1.07, 3.02) 2.90 (1.88, 4.47) 4.21 (2.6, 6.83) 2.21 (1.12, 4.36) <0.0001 

        

Never smokers 
   n (%)* 

 
198 (49) 

 
380 (34) 

 
146 (34) 

 
370 (22) 

 
93 (25) 

 
25 (21)  

   OR (95%CI)† 1.00 0.53 (0.42, 0.66) 0.53 (0.40, 0.7) 0.29 (0.23, 0.37) 0.35 (0.26, 0.48) 0.26 (0.16, 0.42) <0.0001 

        

Ex-smokers 
   n (%)* 

 
180 (45) 

 
646 (57) 

 
242 (56) 

 
1044 (62) 

 
200 (54) 

 
81 (67)  

  OR (95%CI)† 1.00 1.65 (1.31, 2.07) 1.56 (1.18, 2.05) 2.04 (1.64, 2.55) 1.42 (1.06, 1.88) 2.59 (1.68, 3.98) <0.0001 

        
 
*Cells show number of subjects reporting health behaviour (% of all those in that social class) 
†OR=age-adjusted odds ratios; CI=confidence intervals 
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Table 5.2 Relationship of social class with alcohol consumption in men aged 60-79 years in 1998-2000 

 
                               Social class 

 I II III non-manual III manual IV V p for trend 

Non-drinkers 
   n (%)* 

 
17 (4) 

 
86 (8) 

 
33 (8) 

 
197 (12) 

 
63 (17) 

 
20 (17)  

  OR (95%CI)† 1.00 1.84 (1.08, 3.13) 1.81 (0.99, 3.30) 2.98 (1.79, 4.95) 4.55 (2.60, 7.94) 4.67 (2.35, 9.27) <0.0001 

Occasional drinkers (<1 unit/week) 
   n (%)* 

 
76 (19) 

 
263 (24) 

 
132 (31) 

 
474 (29) 

 
110 (30) 

 
34 (29)  

  OR (95%CI)† 1.00 1.29 (0.97, 1.71) 1.83 (1.33, 2.53) 1.68 (1.28, 2.21) 1.80 (1.28, 2.51) 1.72 (1.07, 2.75) <0.0001 

Light/moderate drinkers (1-42 units/week) 
   n (%)* 

 
291 (74) 

 
721 (65) 

 
256 (59) 

 
920 (56) 

 
172 (47) 

 
59 (50)  

  OR (95%CI)† 1.00 0.65 (0.51, 0.84) 0.52 (0.39, 0.70) 0.45 (0.35, 0.58) 0.32 (0.24, 0.44) 0.35 (0.23, 0.53) <0.0001 

Heavy drinkers (>42 units/week) 
   n (%)* 

 
 

8 (2) 

 
 

37 (3) 

 
 

8 (2) 

 
 

46 (3) 

 
 

13 (4) 

 
 

5 (4) 

 

  OR (95%CI)† 1.00 1.67 (0.77, 3.62) 0.93 (0.34, 2.49) 1.40 (0.66, 2.99) 1.84 (0.75, 4.49) 2.09 (0.67, 6.51) 0.44 
        

 
*Cells show number of subjects reporting health behaviour (% of all those in that social class) 
†OR = age-adjusted odds ratios; CI=confidence intervals 
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Table 5.3 Relationship of social class with physical activity, obesity and body mass index (BMI) in men aged 60-79 years in 1998-2000 

 
                         Social class 

 I II III non-manual III manual IV V p for trend 

Physically inactive 
  n (%)* 

 
103 (26) 

 
331 (30) 

 
163 (39) 

 
588 (37) 

 
144 (40) 

 
55 (47) 

 

  OR (95%CI)† 1.00 1.22 (0.94, 1.58) 1.77 (1.31, 2.39) 1.65 (1.29, 2.11) 1.87 (1.37, 2.55) 2.55 (1.66, 3.91) <0.0001 

Moderate-vigorous physical activity 
  n (%)* 

 
222 (56) 

 
577 (53) 

 
197 (47) 

 
675 (42) 

 
138 (39) 

 
39 (33) 

 

  OR (95%CI)† 1.00 0.87 (0.69, 1.1) 0.69 (0.53, 0.92) 0.58 (0.46, 0.72) 0.50 (0.37, 0.67) 0.37 (0.24, 0.58) <0.0001 
        

 
Obese (BMI≥30 kg/m2) 
  n (%)* 

 
 

49 (12) 

 
 

58 (14) 

 
 

69 (16) 

 
 

338 (20) 

 
 

73 (20) 

 
 

30 (25) 
 

  OR (95%CI)† 1.00 1.18 (0.84, 1.67) 1.38 (0.93, 2.05) 1.85 (1.34, 2.55) 1.80 (1.22, 2.67) 2.35 (1.41, 3.91) <0.0001 

BMI (kg/m2) 
  Mean (standard error) 

 
26.2 (0.18) 

 
26.7 (0.11) 

 
26.8 (0.18) 

 
27.2 (0.09) 

 
27.1 (0.19) 

 
27.6 (0.34) 

 
<0.0001 

 
*Cells show number of subjects (% of all those in that social class) 
†OR = age-adjusted odds ratios; CI=confidence intervals   
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Table 5.4 Age-adjusted levels of blood pressure and blood lipids according to social class in men aged 60-79 years in 1998-2000 

 
                                                                                                             Social class 

 I II III non-manual III manual IV V p for trend 

 Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)  

Systolic blood pressure 148 (1.19) 149 (0.71) 150 (1.15) 149 (0.59) 150 (1.24) 149 (2.19) 0.95 

Diastolic blood pressure 85 (0.56) 85 (0.33) 85 (0.54) 85 (0.27) 86 (0.58) 83 (1.02) 0.55 

Triglycerides* 1.54 (1.47, 1.61) 1.57 (1.53, 1.62) 1.65 (1.57, 1.73) 1.70 (1.66, 1.74) 1.60 (1.52, 1.68) 1.60 (1.47, 1.75) 0.0007 

Total cholesterol 6.05 (0.05) 5.99 (0.03) 6.04 (0.05) 5.99 (0.03) 5.95 (0.06) 5.99 (0.10) 0.40 

HDL-cholesterol  1.40 (0.02) 1.34 (0.01) 1.31 (0.02) 1.30 (0.01) 1.33 (0.02) 1.31 (0.03) <0.0001 

LDL-cholesterol  3.93 (0.05) 3.91 (0.03) 3.93 (0.05) 3.88 (0.02) 3.86 (0.05) 3.88 (0.09) 0.21 

 
  *Geometric mean (95% confidence interval) 
   SE=standard error 
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Table 5.5 Inflammatory and haemostatic markers according to social class in men aged 60-79 years in 1998-2000  

 
*Geometric mean (95% confidence interval) 
†Behavioural factors include BMI, smoking, alcohol consumption and physical activity 
‡Fully adjusted - adjusted for age, behavioural factors and blood pressure, HDL, triglycerides, insulin and glucose; SE= standard error 

[Contd. in Table 5.6 overleaf] 

                                                                                                             Social class 

 I II III non-manual III manual IV V p for trend 

        
CRP - geometric mean*  

        Age-adjusted 

 

1.17 (1.02, 1.33) 

 

1.39 (1.28, 1.51) 

 

1.78 (1.56, 2.03) 

 

1.74 (1.62, 1.86) 

 

1.80 (1.55, 2.08) 

 

1.64 (1.27, 2.12) 

 

0.009 

        Age and behavioural factors† 1.36 (1.2, 1.55) 1.47 (1.36, 1.59) 1.83 (1.62, 2.08) 1.64 (1.54, 1.76) 1.59 (1.38, 1.83) 1.47 (1.15, 1.88) 0.02 

        Fully adjusted‡ 1.37 (1.21, 1.55) 1.47 (1.36, 1.58) 1.82 (1.6, 2.06) 1.64 (1.54, 1.75) 1.62 (1.41, 1.87) 1.50 (1.17, 1.91) 0.02 

        
Fibrinogen  - mean (SE) 

        Age-adjusted 

 

3.13 (0.04) 

 

3.14 (0.03) 

 

3.27 (0.04) 

 

3.29 (0.02) 

 

3.31 (0.05) 

 

3.27 (0.09) 

 

<0.001 

        Age and behavioural factors† 3.20 (0.04) 3.17 (0.03) 3.29 (0.04) 3.26 (0.02) 3.24 (0.05) 3.22 (0.08) 0.07 

        Fully adjusted‡ 3.20 (0.04) 3.17 (0.03) 3.29 (0.04) 3.26 (0.02) 3.24 (0.05) 3.23 (0.08) 0.05 

        
Fibrin d-dimer -  geometric mean* 

         Age-adjusted 

 

71.8 (65.6, 78.5) 

 

73 (69, 77.2) 

 

86 (78.5, 94.3) 

 

81.5 (77.8, 85.5) 

 

87.1 (78.7, 96.4) 

 

80.2 (67.2, 95.8) 

 

0.0002 

        Age and behavioural factors† 76.3 (69.6, 83.5) 76.3 (72.1, 80.7) 86.8 (79.3, 95) 80.1 (76.4, 84) 81.9 (74, 90.6) 76.5 (64.2, 91.3) 0.10 

        Fully adjusted‡ 76.5 (69.9, 83.7) 74.1 (70.1, 78.4) 86 (78.6, 94.2) 80.4 (76.7, 84.3) 82.2 (74.3, 90.9) 77.9 (65.3, 92.8) 0.06 

        
WBC -  geometric mean* 

        Age-adjusted 

 

6.37 (6.17, 6.58) 

 

6.64 (6.51, 6.78) 

 

6.70 (6.49, 6.93) 

 

6.80 (6.69, 6.92) 

 

6.98 (6.73, 7.23) 

 

6.56 (6.15, 6.99) 

 

0.0006 

        Age and behavioural factors† 6.56 (6.36, 6.78) 6.73 (6.6, 6.87) 6.77 (6.55, 6.99) 6.72 (6.61, 6.84) 6.76 (6.52, 7) 6.45 (6.06, 6.86) 0.73 

        Fully adjusted‡ 6.57 (6.36, 6.78) 6.73 (6.6, 6.87) 6.75 (6.54, 6.97) 6.72 (6.61, 6.83) 6.78 (6.54, 7.02) 6.42 (6.04, 6.83) 0.77 
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Table 5.6 (Contd.) Inflammatory and haemostatic markers according to social class in men aged 60-79 years in 1998-2000 
                                                                                                   Social class 

 I II III non-manual III manual IV V p for trend 

IL6 - geometric mean* 
        Age-adjusted 

 
1.92 (1.78, 2.08) 

 
2.12 (2.02, 2.22) 

 
2.42 (2.24, 2.62) 

 
2.51 (2.41, 2.61) 

 
2.50 (2.3, 2.73) 

 
2.65 (2.28, 3.08) 

 
<0.0001 

        Age and behavioural factors† 2.09 (1.94, 2.25) 2.18 (2.08, 2.28) 2.46 (2.29, 2.65) 2.44 (2.34, 2.54) 2.33 (2.14, 2.53) 2.48 (2.15, 2.87) <0.0001 

        Fully adjusted‡ 2.09 (1.94, 2.25) 2.18 (2.08, 2.28) 2.45 (2.28, 2.64) 2.44 (2.34, 2.53) 2.35 (2.16, 2.55) 2.51 (2.17, 2.9) <0.0001 

von Willebrand factor- mean (SE) 
        Age-adjusted 

 
129 (3) 

 
132 (2) 

 
137 (3) 

 
136 (1) 

 
145 (3) 

 
147 (5) 

 
<0.0001 

        Age and behavioural factors† 132 (3) 133 (2) 137 (3) 135 (1) 143 (3) 145 (5) 0.002 

        Fully adjusted‡ 131 (3) 132 (2) 137 (3) 136 (1) 144 (3) 145 (5) 0.0004 

Factor VIII - mean (SE) 
        Age-adjusted 

 
126 (2) 

 
127 (1) 

 
130 (2) 

 
132 (1) 

 
137 (2) 

 
137 (4) 

 
<0.0001 

        Age and behavioural factors† 127 (2) 127 (1) 130 (2) 131 (1) 136 (2) 135 (4) <0.0001 

        Fully adjusted‡ 127 (2) 126 (1) 130 (2) 131 (1) 137 (2) 135 (4) <0.0001 

Plasma viscosity - mean (SE) 
        Age-adjusted 

 
1.27 (0.005) 

 
1.27 (0.003) 

 
1.28 (0.005) 

 
1.29 (0.002) 

 
1.29 (0.005) 

 
1.29 (0.009) 

 
<0.0001 

        Age and behavioural factors† 1.28 (0.005) 1.27 (0.003) 1.28 (0.005) 1.29 (0.002) 1.29 (0.005) 1.28 (0.009) 0.003 

        Fully adjusted‡ 1.28 (0.005) 1.27 (0.003) 1.28 (0.005) 1.29 (0.002) 1.29 (0.005) 1.28 (0.009) 0.003 

Platelet count - mean (SE) 
        Age-adjusted 

 
234 (4) 

 
231 (2) 

 
234 (4) 

 
242 (2) 

 
243 (4) 

 
233 (7) 

 
0.002 

        Age and behavioural factors† 235 (4) 232 (2) 234 (4) 242 (2) 240 (4) 229 (7) 0.03 

        Fully adjusted‡ 235 (4 232 (2) 235 (4) 242 (2) 240 (4) 229 (7) 0.04 

 
*Geometric mean (95% confidence interval) 
†Behavioural factors include BMI, smoking, alcohol consumption and physical activity 
‡Fully adjusted - adjusted for age, behavioural factors and blood pressure, HDL, triglycerides, insulin and glucose; SE= standard error 

[Contd. in Table 5.7 overleaf] 
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Table 5.7 (Contd.) Inflammatory and haemostatic markers according to social class in men aged 60-79 years in 1998-2000 

 

 
*Geometric mean (95% confidence interval) 
SE= standard error 
 
 
 
 
 
 
 
 
 

                                                                                                             Social class 

 I II III non-manual III manual IV V p for trend 

        
tPA 

   Mean (SE) - age-adjusted 

 

10.64 (0.26) 

 

10.47 (0.16) 

 

10.63 (0.27) 

 

10.84 (0.14) 

 

10.32 (0.29) 

 

11.39 (0.52) 

 

0.25 

        
Haematocrit 

   Mean (SE) - age-adjusted 

 

0.45 (0.002) 

 

0.45 (0.001) 

 

0.45 (0.002) 

 

0.45 (0.001) 

 

0.45 (0.002) 

 

0.45 (0.004) 

 

0.25 

        
APC ratio 

   Mean (SE) - age-adjusted 

 

3.29 (0.03) 

 

3.27 (0.02) 

 

3.23 (0.03) 

 

3.25 (0.02) 

 

3.25 (0.03) 

 

3.20 (0.06) 

 

0.09 

        
aPTT 

  Geometric mean* - age-adjusted 

 

30.8 (30.5, 31.2) 

 

30.4 (30.2, 30.7) 

 

30.3 (29.9, 30.7) 

 

30.7 (30.5, 30.9) 

 

30.6 (30.2, 31.0) 

 

30.9 (30.2, 31.7) 

 

0.38 
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Table 5.8 Metabolic syndrome according to social class in men aged 60-79 years in 1998-2000 
 
                                                                                               Social class 

 I II III non-manual III manual IV V p for trend 

Metabolic syndrome - n (%)* 70 (23) 209 (24) 84 (27) 348 (31) 77 (29) 29 (33)  

OR (95%CI) 
  Age-adjusted 

 
1.00 

 
1.08 (0.80, 1.48) 

 
1.24 (0.86, 1.79) 

 
1.47 (1.10, 1.98) 

 
1.37 (0.94, 1.99) 

 
1.64 (0.98, 2.76) 

 
0.0005 

  Adjusted for age and behavioural factors† 1.00 1.02 (0.74, 1.40) 1.11 (0.76, 1.61) 1.27 (0.94, 1.73) 1.15 (0.78, 1.70) 1.22 (0.71, 2.08) 0.06 

 
*Cells show number of subjects with metabolic syndrome (% of all those in that social class) 
†Behavioural factors included smoking, physical activity and alcohol consumption 
OR=odds ratio; CI=confidence intervals 
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Table 5.9 Individual components of the metabolic syndrome according to social class in men aged 60-79 years in 1998-2000 
                                                                                             Social class 
 I II III non-manual III manual IV V p for trend 

High blood pressure n (%)* 245 (76) 695 (77) 293 (86) 963 (80) 226 (81) 73 (79)  

 OR (95%CI) - age-adjusted 1.00 1.10 (0.82, 1.48) 2.05 (1.37, 3.07) 1.32 (0.99, 1.77) 1.32 (0.90, 1.95) 1.35 (0.76, 2.38) 0.03 

            Adjusted for age and behavioural factors† 1.00 1.11 (0.82, 1.50) 2.10 (1.40, 3.16) 1.34 (0.99, 1.82) 1.33 (0.89, 1.99) 1.34 (0.75, 2.40) 0.04 

High glucose n (%)* 53 (17) 132 (15) 48 (15) 209 (18) 55 (21) 14 (16)  

 OR (95%CI) - age-adjusted 1.00 0.86 (0.61, 1.22) 0.85 (0.55, 1.30) 1.07 (0.77, 1.49) 1.23 (0.81, 1.87) 0.93 (0.49, 1.77) 0.10 

            Adjusted for age and behavioural factors† 1.00 0.90 (0.63, 1.28) 0.87 (0.56, 1.34) 1.14 (0.80, 1.60) 1.27 (0.83, 1.96) 0.94 (0.49, 1.81) 0.08 

High triglycerides n (%)* 117 (38) 352 (41) 129 (41) 529 (46) 111 (42) 37 (42)  

 OR (95%CI) - age-adjusted 1.00 1.13 (0.86, 1.47) 1.15 (0.83, 1.59) 1.40 (1.08, 1.81) 1.18 (0.84, 1.65) 1.13 (0.70, 1.83) 0.03 

            Adjusted for age and behavioural factors† 1.00 1.11 (0.86, 1.45) 1.16 (0.85, 1.59) 1.31 (1.02, 1.69) 1.08 (0.78, 1.50) 0.98 (0.61, 1.56) 0.23 

Low HDL-cholesterol n (%)* 46 (15) 159 (19) 56 (18) 248 (22) 39 (15) 24 (27)  

 OR (95%CI) - age-adjusted 1.00 1.29 (0.90, 1.84) 1.24 (0.81, 1.90) 1.57 (1.11, 2.21) 0.98 (0.62, 1.56) 2.07 (1.18, 3.64) 0.04 

            Adjusted for age and behavioural factors† 1.00 1.17 (0.81, 1.69) 1.04 (0.68, 1.62) 1.28 (0.89, 1.83) 0.73 (0.45, 1.17) 1.55 (0.86, 2.79) 0.82 

High waist circumference n (%)* 68 (21) 198 (22) 94 (28) 364 (31) 80 (29) 35 (38)  

 OR (95%CI) - age-adjusted 1.00 1.06 (0.77, 1.44) 1.45 (1.02, 2.08) 1.65 (1.23, 2.21) 1.51 (1.04, 2.19) 2.28 (1.38, 3.76) <0.0001 

            Adjusted for age and behavioural factors† 1.00 1.00 (0.73 1.38) 1.31 (0.90 1.89) 1.48 (1.09, 2.01) 1.33 (0.90, 1.96) 1.71 (1.02, 2.88) 0.0002 
 
*Cells show number of subjects with the individual component of the metabolic syndrome (% of all those in that social class) 
†Behavioural factors included smoking, physical activity and alcohol consumption.  OR=odds ratio; CI=confidence intervals 
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Table 5.10 Top fourth of HOMA (insulin resistance) distribution according to social class in men aged 60-79 years in 1998-2000 
 

                                                                                       Social class 

 I II III non-manual III manual IV V p for trend 

Top fourth of HOMA - n (%)* 50 (17) 150 (18) 53 (17) 208 (18) 51 (19) 29 (33)  

 OR (95%CI)  

         Age-adjusted 
 

1.00 
 

1.08 (0.76, 1.53) 
 

1.05 (0.69, 1.60) 
 

1.14 (0.81, 1.60) 
 

1.23 (0.80, 1.89) 
 

2.47 (1.44, 4.23) 
 

0.02 

         Adjusted for age and behavioural factors† 1.00 1.04 (0.73, 1.49) 0.95 (0.62, 1.46) 1.04 (0.73, 1.48) 1.10 (0.71, 1.72) 1.98 (1.13, 3.46) 0.17 

 
*Cells show number of subjects in the top fourth of HOMA distribution (% of all those in that social class) 
†Behavioural factors included smoking, physical activity and alcohol consumption.  OR=odds ratio; CI=confidence intervals 
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Table 5.11 Age-adjusted nutrient composition of dietary intake, and plasma vitamin C according to social class in men aged 60-79 years 

in 1998-2000 (dietary nutrients were adjusted for total calorie intake) 

                                                                                                             Social class 

 I II III non-manual III manual IV V p for trend 

Total fat (gm/day)* 66.5 (65.2, 67.9) 67.4 (66.6, 68.2) 67.8 (66.5, 69.2) 67.2 (66.5, 67.8) 67.5 (66.1, 68.9) 66.3 (63.9, 68.9) 0.93 

Saturated fat (gm/day)* 26.5 (25.8, 27.3) 27.1 (26.7, 27.6) 27.2 (26.4, 27.9) 26.8 (26.4, 27.1) 27.1 (26.3, 27.9) 26.4 (25.1, 27.8) 0.76 

Polyunsaturated fat (gm/day)* 9.7 (9.4, 9.9) 9.7 (9.5, 9.8) 10.1 (9.8, 10.4) 9.9 (9.7, 10.0) 9.9 (9.6, 10.2) 9.4 (8.9, 9.9) 0.20 

Cholesterol (mg/day)* 250 (242, 258) 258 (253, 263) 253 (245, 260) 252 (248, 256) 251 (242, 259) 257 (242, 273) 0.48 

Cereal fibre (gm/day)* 10.5 (9.9, 11.1) 9.8 (9.5, 10.1) 10.0 (9.5, 10.5) 9.2 (8.9, 9.4) 8.9 (8.5, 9.4) 8.4 (7.7, 9.2) <0.0001 

Vegetable fibre (gm/day) Mean (SE) 15.6 (0.2) 15.2 (0.1) 14.8 (0.2) 14.5 (0.1) 14.5 (0.2) 13.3 (0.4) <0.0001 

Total fibre (gm/day) Mean (SE) 27.5 (0.4) 26.5 (0.2) 26.4 (0.4) 25.3 (0.2) 25.0 (0.4) 23.5 (0.7) <0.0001 

Carbohydrates (gm/day) Mean (SE) 274 (2) 274 (1) 277 (2) 279 (1) 281 (2) 282 (3) <0.0001 

Energy (kcal/day) Mean (SE) 2099 (26) 2086 (15) 2097 (25) 2144 (13) 2108 (27) 2087 (48) 0.07 

Vegetable consumption 
(average days/week)  5.39 (0.09) 5.17 (0.05) 4.89 (0.09) 4.76 (0.04) 4.82 (0.10) 4.45 (0.17) <0.0001 

Fruit consumption 
(average days/week) 5.56 (0.11) 5.32 (0.06) 5.16 (0.10) 5.09 (0.05) 5.12 (0.11) 4.98 (0.20) <0.0001 

Vitamin C (gm/day)* 85.3 (81.7, 89.0) 81.0 (78.9, 83.0) 77.0 (73.9, 80.3) 71.0 (69.5, 72.5) 68.8 (65.8, 72.0) 66.1 (61.1, 71.5) <0.0001 

Plasma vitamin C (µmol/L)* 27.1 (24.8, 29.7) 24.6 (23.3, 25.9) 24.1 (22.0, 26.3) 19.9 (19.0, 20.8) 17.8 (16.2, 19.6) 21.2 (17.9, 25.1) <0.0001 

*Geometric means (95% confidence interval);   SE=standard error       



 

161 

 

6 Chapter: Socioeconomic position and CHD risk in older British men: contribution of established and novel coronary 
risk factors 

Chapter 6  

Socioeconomic position and CHD risk in older British 

men: contribution of established and novel coronary 

risk factors 

6.1 Summary  

The extent of socioeconomic inequalities in coronary heart disease (CHD) in older age 

and the pathways leading to these inequalities are not fully understood. In this Chapter, 

data from the British Regional Heart Study were used to assess the extent of 

socioeconomic inequalities in CHD in older age, and the contribution of established and 

novel coronary risk factors to these inequalities. The men, aged 60-79 years in 1998-

2000, were followed-up for at least 6 years for CHD mortality and CHD incidence (fatal 

and non-fatal myocardial infarction). Several measures of socioeconomic position were 

examined including occupational social class, education, house and car ownership, and 

pension arrangements. Age at leaving full-time education, pension arrangements (state 

versus private), and house and car ownership were associated with CHD risk. However, 

these associations were largely attenuated after adjustment for occupational social class. 

Amongst the different measures of socioeconomic position, occupational social class 

showed the strongest associations with CHD risk. There was a graded relationship 

between social class (based on longest-held occupation recorded at 40-59 years) and 

both CHD incidence and mortality (both higher in manual social classes). Compared 

with social class I, the age-adjusted hazard ratio for CHD incidence for social class V 

was 2.70 (95%CI 1.37, 5.35; p for trend 0.008).  Detailed analyses of the contributions 
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of established and novel risk factors were carried out for occupational social class. The 

hazard ratio for social class V compared with social class I was reduced to 2.14 (95%CI 

1.06, 4.33; p for trend 0.11) after adjustment for behavioural risk factors (particularly 

cigarette smoking, and physical activity, BMI, alcohol consumption), which explained 38% 

of the social class gradient in relative risk (41% of the absolute risk gradient) for CHD 

incidence. After additional adjustment for novel coronary risk factors (C-reactive protein, 

interleukin-6 and von Willebrand factor), 55% of the relative risk and 59% of the absolute 

risk gradient in CHD incidence was explained (hazard ratio for CHD incidence in social 

class V compared to I was 1.88 95%CI 0.93, 3.81). Other established coronary risk factors 

(systolic blood pressure and lipids) made little difference to these estimates; similar results 

were observed for CHD mortality. Socioeconomic inequalities in CHD persisted in older 

age. Relative and absolute social class differences in CHD incidence and mortality were 

substantially explained by behavioural risk factors, and also by novel inflammatory 

markers.   

 

6.2 Introduction 

Differences in rates of coronary heart disease (CHD) according to socioeconomic position 

have been widely reported in several countries. When compared with those in higher 

socioeconomic position, people in lower socioeconomic positions have a greater CHD 

risk.19;78 CHD is the single most important cause of morbidity and mortality in middle-aged 

and older men and shows a strong socioeconomic gradient in middle age.6;37 Although both 

incidence and prevalence of CHD rise steeply with increasing age,6 the extent to which 

socioeconomic inequalities in CHD persist in later life is not fully known.   
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The pathways through which socioeconomic inequalities in coronary heart disease operate 

also remain uncertain, particularly in later life. From studies on middle-aged populations, 

behavioural and biological cardiovascular risk factors, adverse socioeconomic 

circumstances across the life course, medication and treatment use, and psychosocial stress 

have been implicated as mediators of the relationship between socioeconomic position and 

CHD.19;25;37-39  However, in observational studies, the contribution of established risk 

factors including smoking, physical inactivity, obesity and hypertension to socioeconomic 

inequalities in heart disease has generally been reported to be 

limited.23;24;26;35;38;39;210;211;360;361 Most of these studies report relative inequalities between 

socioeconomic groups. More recently, studies have also attempted to understand the extent 

to which established coronary risk factors contribute to absolute socioeconomic differences 

in CHD risk as well as a relative ones.35;36 These studies suggest that a greater proportion of 

absolute risk difference could be explained by established coronary factors than relative 

socioeconomic inequalities in CHD. Novel coronary risk factors including inflammatory 

and haemostatic markers such as C-reactive protein (CRP),12 have in recent years been 

increasingly implicated as possible contributors to socioeconomic inequalities in heart 

disease.41;212 However, most studies examining the contribution of coronary risk factors to 

socioeconomic inequalities in CHD were conducted in middle-aged subjects and little is 

known about whether the same factors contribute importantly to socioeconomic differences 

in older age. Measures of socioeconomic position in older age used in previous studies 

include education, income and occupational social class.22;118-120 This Chapter investigates 

the extent of socioeconomic inequalities in CHD in older age using different indicators of 

socioeconomic position (education, house ownership, car ownership, pension arrangement 

and occupational social class). A better understanding of the extent of socioeconomic 
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inequalities in CHD risk in later life (assessed in relative and absolute risks) and the role of 

underlying coronary risk factors (established and novel) would enable appropriate 

initiatives and policy action to be taken to reduce health inequalities in older age.  

 

6.3 Objectives 

The objectives of this Chapter are:  

i) To examine the extent of socioeconomic inequalities in CHD incidence and CHD 

mortality, in older British men (aged 60-79 years), using different indicators of 

socioeconomic position.  

ii) To investigate the extent to which established behavioural (cigarette smoking, alcohol 

consumption, body mass index and physical activity),10;11 biological coronary risk factors 

(blood pressure, triglycerides, low density lipoprotein cholesterol, high density lipoprotein 

cholesterol)10;11 and novel coronary risk factors (CRP, interleukin-6 and von Willebrand 

factor)12;13;188 contribute to socioeconomic differences in CHD in older men in both relative 

and absolute terms.   

 

6.4 Methods  

The British Regional Heart Study was used to investigate the above objectives.  In 1998-

2000 all surviving men, now aged 60-79 years, were invited to a 20th year re-assessment, 

which included completion of a questionnaire on medical history and behavioural factors, a 

physical examination and collection of blood sample after a minimum 6 hour fast.  4252 

men (77%) attended the examination and 4094 men (74%) had at least one measurement of 
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the biological factors. The main outcomes for this Chapter were CHD incidence and CHD 

mortality. CHD incidence included non-fatal and fatal myocardial infarction cases. In 

accordance with the World Health Organisation criteria, non-fatal myocardial infarction 

was defined by the presence of at least two of – severe prolonged chest pain, ECG evidence 

of myocardial infarction and cardiac enzyme changes consistent with myocardial 

infarction.283;284 This was ascertained by regular two-yearly reviews of general practitioner 

records including hospital and clinic correspondence. Information from death certificates 

using the International Classification of Diseases, 9th revision (ICD-9) was used to identify 

fatal myocardial infarction cases as deaths with code 410–414 (equivalent to ICD 10th 

revision codes I20–I25). For this Chapter outcome data from 1998-2000 until June 2006 

was used.  

6.4.1 Measures of socioeconomic position  

The longest-held occupation of subjects at study entry when aged 40-59 years was used to 

define social class using the Registrar Generals’ Social Class Classification (I, II, IIInon-

manual, IIImanual, IV and V). Men in the Armed Forces [112 (2.6%)] were excluded from 

this analysis; information on social class was not available for 8 men. Information on car 

and house ownership was collected through questionnaires in 1998-2000; subjects were 

asked if they had a car available for their own use, and were asked to describe their 

accommodation as owned, rented from local authority, rented privately and other. 

Information on age at leaving full-time education and pension arrangements was collected 

through questionnaires in 1996. Subjects were asked whether their retirement support was 

or would be state pension only, occupational pension, or private pension. 
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6.4.2 Coronary risk factors  

Behavioural (cigarette smoking, physical activity, alcohol consumption, body mass index), 

biological [systolic blood pressure, triglycerides, high-density lipoprotein-cholesterol 

(HDL-C) and low density lipoprotein cholesterol (LDL-C)], and novel risk factors were 

measured at the re-examination in 1998-2000 as described in Chapter 3 (section 3.7.3 to 

3.7.5 on page 82, and sections 3.8.1 to 3.8.2 on pages 85-86). Information on cigarette 

smoking collected in 1998-2000 and previous questionnaires, was used to classify subjects 

as never smokers, long-term ex-smokers (>20 years), ex-smokers who quit smoking 15-20 

years ago, ex-smokers who quit smoking 10-15 years ago, ex-smokers who quit smoking 5-

10 years ago, ex-smokers who quit smoking within 5 years, and current smokers. Based on 

their alcohol intake, subjects were classified into – none, occasional (<1 unit/week), light 

(1-15 units/week), moderate (16-42 units/week) and heavy (>42 units/week). Physical 

activity scores based on frequency and type of activity were derived and included 6 

categories (none, occasional, light, moderate, moderately-vigorous and vigorous). Subjects 

in the categories of ‘none’ or ‘occasional’ activity were grouped together as ‘inactive’. 

Novel coronary risk factors included CRP, interleukin-6 (IL-6) and von Willebrand factor 

(vWF), which are markers of inflammation and endothelial dysfunction related to coronary 

risk12;13;188 and social class.41 von Willebrand factor antigen levels were measured with 

enzyme-linked immunosorbent assays (DAKO, High Wycombe, UK). C-reactive protein 

was assayed by ultra-sensitive nephelometry (Dade Behring, Milton Keynes, UK). 

Interleukin-6 was assayed by a high-sensitivity ELISA (R and D Systems, Oxford, UK).  
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6.4.3 Rationale for analyses 

The relationship between socioeconomic position and CHD risk (incidence and mortality) 

was examined using different measures of socioeconomic position including occupational 

social class, education, car and house ownership, and pension arrangement. Social class 

differences for CHD events were similar whether men with previous myocardial infarction 

were included in the analysis or not; men with previous myocardial infarction were retained 

in the analysis.  Age at leaving full-time education was grouped into ≤14, 15-18 and >18 

years. Information on accommodation was used to classify men into those who owned their 

house and those who did not. Pension arrangement was categorised into state pension only, 

and other pension arrangements including occupational or private pension. Analyses 

examining relative and absolute contributions of different risk factors to socioeconomic 

differences were carried out using occupational social class. Regression models included 

age and behavioural risk factors and were further adjusted for biological risk factors. Novel 

risk factors (CRP, IL-6, vWF) were individually adjusted for in addition to behavioural 

factors. Fully adjusted models included all of these risk factors. 

 

There is evidence from studies in middle-aged populations, that a composite score 

combining different socioeconomic indicators can demonstrate greater mortality risks than 

individual measures of socioeconomic position.97;362 Additional analyses was carried out by 

combining different socioeconomic indicators, to explore their association with CHD risk. 

A score [from 0 (highest socioeconomic position) to 5 (lowest socioeconomic position)] 

was combined by giving one point each to manual social class, not owning a house, not 

owning a car, having state pension only and full-time education till ≤14 years. 
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6.4.4 Statistical methods 

Cox proportional hazards models were used to calculate hazard ratios with 95% confidence 

intervals (CI) for CHD incidence and CHD mortality according to different measures of 

socioeconomic position (occupational social class, education, car and house ownership, and 

pension arrangement). The proportionality assumption for Cox models was assessed by 

testing the Schoenfeld residuals,363 and was found to be valid. Social class I was the 

reference category. Fitted as a continuous variable, regression coefficients and hazard ratios 

(95%CI) per unit increase for social class were also obtained. For the adjustments age, 

BMI, systolic blood pressure, triglycerides, LDL-cholesterol, HDL-cholesterol, CRP, IL-6 

and vWF were fitted as continuous variables; social class (six levels), smoking (seven 

levels), physical activity (five levels) and alcohol intake (five levels) were fitted as ordinal 

variables. CRP and IL-6 distributions were positively skewed and required log 

transformation. The contribution of risk factors to the relative social class difference was 

calculated by [(β0-β1)/β0]*100; where β0 was age-adjusted log hazard ratio per unit 

increase in social class, and β1 was the log hazard ratio adjusted for different risk factors.28  

 

Survival probability at 6.5 years, the mean survival time, was calculated for each social 

class by applying average levels of age and risk factors to all social classes. Event 

probability for CHD incidence and CHD mortality was calculated as 1–survival probability, 

expressed as a percentage. Absolute social class difference explained by risk factors was 

calculated by [(AD0-AD1)/AD0]*100; where AD0 is the age-adjusted absolute difference 

in event probability between social classes I and V; AD1 is difference in event probability 

between social classes I and V adjusted for different risk factors. Approximate 95%CI for 
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the estimates of relative and absolute risk explained in each model were calculated using 

bias-corrected bootstrap re-sampling of size 1000 to estimate the upper and lower limits.306  

 

Population attributable risk fraction (PARF) comparing manual with non-manual social 

class was calculated for CHD incidence and CHD mortality using the 

formula ])1[1/()1( −+− RRpRRp , where p is the proportion of manual social class in the 

study population, and RR is the relative risk for CHD for manual compared with non-

manual social classes (the relative risk was approximated by the relative hazard from Cox 

proportional hazards model28;364). PARF adjusted for coronary risk factors was obtained 

using hazard ratios adjusted for the different risk factors.  

 

6.5 Results 

Among 4132 men aged 60-79 years who attended the 20 year re-examination, complete 

information on all coronary risk factors was available for 3761 men (mean age 69 years). 

The age and social class distribution of this group did not differ from that of the original 

sample of 4132 men; both groups had a mean age of 69 years and included 48% subjects 

from non-manual social classes. The proportion of smokers was slightly greater (15%) in 

the group with missing data than in the group without missing data (12%); mean BMI and 

blood pressure levels were similar in the two groups. Missing information was largely due 

to unavailability of blood measurements in men who declined to provide blood samples. In 

the group of 3761 men, 274 incident (non-fatal and fatal) CHD cases and 191 CHD deaths 

occurred during a mean 6.5 years of follow-up.  
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6.5.1 Socioeconomic position and CHD risk  

Table 6.1 describes the relation between occupational social class and other measures of 

socioeconomic position. The mean age at leaving full-time education was lower in manual 

social classes. A much greater proportion of manual compared with non-manual social 

classes had left full-time education at the age of 14 years or less; 57% in social class V and 

only 7% in social class I. Among manual social classes (social class IIImanual, IV and V), 

the proportions of men who did not own a house or a car were greater than in non-manual 

social classes (social classes I, II, IIInon-manual). The proportion who only had a state 

pension was also higher than in manual social classes compared to non-manual social 

classes.  

 
Table 6.2 shows the relationships of occupational social class and education with CHD risk. 

A graded relation between occupational social class and the risk of CHD incidence and 

mortality was observed, with the lowest hazard in social class I and the highest hazard in 

social class V. The hazard ratio for CHD incidence increased from 1.00 in social class I to 

1.40 (95%CI 0.87, 2.26) in social class III manual and was highest in social class V [2.70 

(95%CI 1.37, 5.35); age-adjusted p for trend 0.008]. Compared to those with the highest 

level of full-time education (up to >18 years), men with the lowest level of full-time 

education (up to ≤14 years of age) had a greater risk of CHD incidence (age-adjusted 

hazard ratio 1.70, 95%CI 1.01, 2.86). The increased CHD risk in those who completed full-

time education between 15-18 years of age (age-adjusted hazard ratio 1.67, 95%CI 1.00, 

2.70) was not substantially different from those in the lowest level of education (≤14 

years); the test for trend across educational levels was not significant (p 0.11). The 

association of educational level with CHD incidence was attenuated when adjusted for 
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occupational social class. After adjustment for occupational social class, the hazard ratios 

for CHD incidence were reduced to 1.56 (95%CI 0.92, 2.66) for those with full-time 

education up to 15-18 years and to 1.50 (95%CI 0.85, 2.65) for those in full-time education 

up to ≤14 years (p values for trend across educational levels=0.37). These levels of 

education were also not related to CHD mortality; compared to those with the highest level 

of education, age-adjusted hazard ratio for CHD mortality was 1.15 (95%CI 0.66, 1.98) for 

those with the lowest level of education, and 0.96 (95%CI 0.55, 1.67) for those who left 

full-time education between 15-18 years of age (p for trend across educational levels 0.42). 

These non-significant associations of educational levels with CHD mortality were 

attenuated on adjustment for occupational social class; hazard ratios were 0.99 (95%CI 

0.54, 1.82) for those with the lowest level of education, and 0.90 (95%CI 0.50, 1.60) for 

those who left full-time education between 15-18 years of age (p for trend across 

educational levels 0.85). Fitted as a continuous variable, age at leaving full-time education 

did not appear to be associated with CHD risk; the age-adjusted hazard ratio for every one 

year increase in age at leaving full-time education was 0.98 (95% CI 0.94, 1.01; p for trend 

0.17) for CHD incidence and 1.00 (95% 0.97, 1.03; p for trend 0.93) for CHD mortality. 

There was some attenuation in the relationship between social class and CHD risk when 

adjusted for education; age-adjusted hazard ratio for CHD mortality attenuated from 1.15 

(95%CI 1.02, 1.28) to 1.11 (95%CI 0.96, 1.28) on adjustment for education 

  

Table 6.3 shows the relationship between house and car ownership and CHD risk. Men 

who did not own their house/accommodation had a higher risk of CHD incidence and CHD 

mortality compared with those who owned a house; age-adjusted hazard ratios (95%CI) 

were 1.42 (1.03, 1.96) for CHD incidence and 1.55 (1.08, 2.24) for CHD mortality.  These 
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effects were attenuated when adjusted for occupational social class; hazard ratios (HR) with 

95%CI for those who did not own a house weakened to 1.30 (0.93, 1.80) for CHD 

incidence and 1.42 (0.97, 2.08) for CHD mortality. Those who did not own a car had a 

higher CHD risk compared to those who owned a car; hazard ratio (95%CI) was 1.39 (1.04, 

1.86) for CHD incidence and 1.64 (1.18, 2.27) for CHD mortality. After adjustment for 

occupational social class, the risk of CHD incidence among those who did not own a car 

was attenuated (HR 1.26; 95%CI 0.93, 1.71), while the risk of CHD mortality remained 

marginally significant, though it was weakened (HR 1.50, 1.06, 2.08; see Table 6.3).  In 

addition to theses results in Table 6.3, the effect of occupational social class on CHD risk 

altered marginally and remained significant when adjusted for house ownership and car 

ownership; hazard ratio for CHD incidence for a unit increase in social class was 1.14 

(95%CI 1.04, 1.25) in age-adjusted analysis and was 1.11 (95%CI 1.01, 1.23) when 

adjusted for house ownership and car ownership. 

 

Table 6.3 also shows the relationship between pension arrangement and CHD risk. Men 

who only received a state pension had a greater risk of CHD compared with men who also 

had occupational/private pensions; age-adjusted hazard ratios (95%CI) were 1.48 (1.11, 

1.99) for CHD incidence and 1.40 (0.98, 2.00) for CHD mortality. After adjustment for 

occupational social class, the association of pension arrangement with CHD incidence was 

reduced, though it remained marginally significant (HR 1.38; 95%CI 1.02, 1.88; p value 

0.04). The relationship of pension arrangement with CHD mortality was further reduced 

after adjustment for occupational social class (HR 1.28; 95% 0.88, 1.86). In addition to 

these results in Table 6.3, there did not appear to be a significant difference in CHD risk 

between men who had occupational or private pensions; the age-adjusted hazard ratio 
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(95%CI) for CHD incidence was 0.93 (0.66, 1.30) for those with occupational pensions 

compared to those with private pensions.  

6.5.2 Contribution of coronary risk factors to relative social class difference in CHD  

As seen in Table 6.2 and Table 6.3, occupational social class appeared to be the indicator of 

socioeconomic position with the strongest association with CHD risk. In age-adjusted 

analyses, social class V had more than two and a half times increased risk of CHD 

incidence and mortality compared to social class I (Table 6.2). Combining social classes 

I+II and IV+V also revealed social class differences in CHD risk – the hazard ratios 

(95%CI) for men in social classes IV+V compared to social classes I+II were 1.60 (1.11, 

2.31) for CHD incidence and 1.62 (1.05, 2.49) for CHD mortality. 

 

 Table 6.4 shows the effect of adjustment for different coronary risk factors on the 

relationship between occupational social class and CHD. For every unit increase in social 

class, the age-adjusted CHD risk increased by 1.14 (95%CI 1.04, 1.25) for CHD incidence 

and by 1.15 (95%CI 1.02, 1.28) for CHD mortality.  Adjustment for behavioural risk 

factors (cigarette smoking, physical activity, BMI and alcohol consumption) reduced these 

increased risks of CHD incidence and mortality with lower social class. Behavioural risk 

factors explained 38% (95% bootstrap CI 12%, 166%) of the increased relative risk for 

CHD incidence and 39% (95%CI 8%, 236%) for CHD mortality in lower social class 

groups. Half of the attenuation in the effect of social class on CHD incidence and mortality 

after adjustment for behavioural factors was caused by cigarette smoking (20%). Further 

adjustment for biological risk factors (systolic blood pressure, triglycerides, LDL-

cholesterol and HDL-cholesterol) did not materially alter the results after adjustment for 
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behavioural factors. Individual adjustment for CRP, IL-6 or vWF in addition to behavioural 

risk factors further attenuated the effect of social class – together with behavioural factors, 

CRP accounted for 46%, IL-6 for 47% and vWF for 47% of the relative risk difference in 

CHD incidence between social class groups. All the behavioural, biological and novel 

coronary risk factors together explained 55% (95%CI 22%, 214%) of the relative risk for 

CHD incidence and 56% (95%CI 15% to 273%) of the relative risk for CHD mortality in 

lower social classes. After adjustment for behavioural, biological and novel risk factors an 

increased risk of CHD in social class V compared with I remained, although it was no 

longer significant (hazard ratio for CHD incidence 1.88; 95%CI 0.93, 3.81). 

6.5.3 Contribution of coronary risk factors to absolute social class difference in CHD  

Event probability for CHD incidence and mortality at 6.5 years was graded according to 

social class (see Table 6.5); social class I had the lowest event probability (4.74% for CHD 

incidence) and social class V had the highest (8.90% for CHD incidence). The absolute 

difference in the probability of CHD incidence between social class I and V was 4.16% and 

the corresponding figure for CHD mortality was 2.78%. Adjusting for behavioural risk 

factors explained 41% (95%CI 18%, 132%) of the absolute risk difference in the 

probability of CHD incidence between social classes I and V, and behavioural risk factors 

explained 45% of the absolute risk difference in CHD mortality. Further adjustment for 

biological risk factors (systolic blood pressure, triglycerides, LDL-cholesterol and HDL-

cholesterol) did not make additional contributions to the absolute difference in CHD risk 

between social classes that was explained by behavioural factors. Additional adjustment for 

novel risk factors increased the proportions of risk explained slightly. When added to 

behavioural risk factors, adjustment for CRP explained 49%, IL-6 51% and vWF 51% of 



Chapter 6 Socioeconomic position and CHD risk in older age 

 

175

the absolute social class difference in the probability of CHD incidence. In combination, all 

the risk factors (behavioural, biological and novel) together accounted for 59% (95%CI 

33%, 312%) of the absolute social class difference in risk of CHD incidence, and 63% 

(95%CI -153%, 162%) for CHD mortality. Limited power resulted in wide Bootstrap 95% 

confidence intervals for the analyses both for relative and absolute social class difference 

explained. Some confidence intervals reported give upper bounds of >100%, while other 

give lower bounds of <0% (negative). A value for percentage explained >100% implies that 

if the risk factors were equally distributed in the population, the CHD risk in manual social 

classes may be lower than that in non-manual social classes. A negative lower bound 

confidence limit suggests that the disadvantage of manual social class would be even more 

marked after adjustment for risk factors.  At the 95% confidence level, the upper and lower 

bound indicate the best and worst possible contribution of risk factors; the point estimates 

give the best estimate of the contribution of risk factors obtained in these analyses. 

6.5.4 Combining socioeconomic measures  

Additional analyses in the present study revealed that combining different socioeconomic 

indicators was associated with increased CHD risk. A score combined [from 0 (highest 

socioeconomic position) to 5 (lowest socioeconomic position)] by giving one point each to 

manual social class, not owning a house, not owning a car, having state pension only and 

full-time education till ≤14 years, was associated with increased risk of CHD incidence. 

The age-adjusted hazard ratio for CHD incidence increased from 1.00 in the lowest score 

group (highest socioeconomic group) to 1.55 (95%CI 0.95, 2.60) in the lowest 

socioeconomic group (combined score >3). The age-adjusted hazard ratio for CHD 

incidence per unit increase in the score was 1.13 (95%CI 1.03, 1.24); p for trend 0.01. This 
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was reduced to 1.08 (95%CI 0.98, 1.19) after adjustment for behavioural risk factors 

(smoking, physical activity, BMI and alcohol consumption). The magnitude of the 

association of the combined socioeconomic score and CHD risk was not greater than that 

observed between occupational social class and CHD risk. The strength of the association 

between the combined socioeconomic score and CHD risk (per unit increase in the score) 

was similar to that observed for occupational social class. Moreover, the contribution of 

behavioural risk factors to relative socioeconomic differences in CHD incidence using the 

combined score was similar (34%) to that observed for occupational social class.  

6.5.5 Population attributable risk fractions 

Table 6.6 shows the population attributable risk fractions (PARF) from manual social 

classes for CHD incidence and CHD mortality; these indicate the population risk for CHD 

incidence or mortality attributable to the excess risk in manual compared with non-manual 

social classes. Table 6.6 also shows the PARF for CHD adjusted for different risk factors 

and the contribution of these risk factors in reducing the PARF from manual social class. 

The age-adjusted population attributable risk fraction (PARF) for manual versus non-

manual social classes was 12% for CHD incidence and 15% for CHD mortality. 

Adjustment for behavioural risk factors reduced the PARF to 7% for CHD incidence and 

10% for CHD mortality, thus accounting for 41% of the PARF (manual versus non-manual 

groups) for CHD incidence and 34% for CHD mortality. Further adjustment for biological 

risk factors did not alter these attributable risk fractions. Adjusting for CRP, IL-6 and vWF 

individually in addition to behavioural factors further reduced the PARF slightly; all 

together these risk factors with behavioural factors explained 56% of the PARF from 

manual social class for CHD incidence and 52% for CHD mortality. These results are 
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similar to the estimated contribution of risk factors to the relative and absolute social class 

differences reported in sections 6.5.2 and 6.5.3.  

6.6 Discussion 

In this prospective study of men aged 60-79 years, socioeconomic inequalities in CHD 

persisted in older age. The risk of CHD was almost threefold greater in the lowest 

compared with highest social class, and the absolute difference in risk of CHD incidence at 

6.5 years was 4%. An appreciable proportion of the increased relative and absolute risk of 

CHD in lower social class groups was explained by behavioural factors, especially cigarette 

smoking, and also BMI, physical activity and alcohol consumption. Novel coronary risk 

factors including CRP, IL-6 and vWF also contributed to the inequalities in CHD in older 

age. Biological risk factors (blood pressure and lipids) made little contribution to these 

socioeconomic inequalities. 

6.6.1 Strength and limitations of findings 

A major strength of the results presented in this Chapter is that the findings are from a 

socioeconomically representative cohort of older British men with high rates of follow-up. 

Another strength of the findings is the wide range of socioeconomic measures used to 

assess the socioeconomic inequalities in CHD risk in older age. Occupational social class, 

education, house and car ownership, and pension arrangements were used to measure 

socioeconomic position and its association with CHD in older age. Socioeconomic 

inequalities in CHD risk in older age were present not only across occupational social class 

groups but also according to education, car and house ownership and pension arrangements. 

Those with state pensions only had a greater CHD risk than those who also had 
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occupational or private pensions. Those who did not own a car or house had a higher risk of 

CHD compared with those who did. Car and house ownership have been used as proxy 

measures of income and wealth in previous studies.365 Taken together with occupation, car 

ownership has been reported to reveal stronger mortality differentials in middle-aged 

populations.97;362 However, in the above results, the effects of education, car or house 

ownership and pension arrangements were largely attenuated when adjusted for 

occupational social class. As seen in the present study, these measures are influenced by 

other indicators of socioeconomic position such as occupational social class. Car and house 

ownership in older age can also be influenced also by health status. Poor health can limit 

car usage, and housing arrangements can also change in the elderly. Education is often used 

as a marker of socioeconomic position due to its advantage of being easy to measure and its 

stability over adult life.80;365 However, although previous studies in older populations have 

reported differences in CHD according to education,22;29 the extent of differentiation in 

CHD risk by education appeared to be limited in the present study. There was no evidence 

of a consistent relationship across different levels of education and CHD risk. The 

increased risk of CHD in those who left full-time education at the age of ≤14 years was not 

substantially different from those who in stayed in full-time education till 15-18 years of 

age. A unit increase in year of full-time education also showed no evidence of an 

association with CHD risk in this older population. Occupational social class has been 

reported by other studies to be a better discriminator of mortality than education, with 

education being more a marker of early life socioeconomic position.366 In the present study, 

occupational social class appeared to have the strongest associations with CHD risk 

compared with the other measures of socioeconomic position. Combining different 

socioeconomic measures did not reveal relative risks for CHD that were greater in 
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magnitude than that observed across occupational social class groups. Therefore, it seemed 

appropriate to use occupational social class as the main measure of socioeconomic position 

to investigate the role of risk factors in socioeconomic inequalities in CHD in older age. 

The social class measure, based on the longest-held occupation during middle age (40-59 

years), is a particularly stable indicator of socioeconomic position over most of adult life, 

which would also determine socioeconomic conditions in older age; a repeat assessment of 

social class before retirement indicated a very low proportion (9%) of marked social class 

change as reported in Chapter 3 (section 3.9.1 page 87).28 The use of such a measure 

overcomes the difficulties of measuring socioeconomic position directly in later life.365 

However, since the study included only older men, the generalisability of the findings to 

younger subjects and to women may well be limited. Although limited numbers of events 

resulted in wide confidence intervals, it is nevertheless useful to have estimates to quantify 

the likely contribution of coronary risk factors to socioeconomic inequalities in CHD. 

6.6.2 Comparison with previous studies 

The persistence of socioeconomic inequalities in CHD in older age is consistent with 

previous studies.22;118;119;121 In the present study CHD risk was nearly three-fold greater in 

the lowest compared with highest social class group, while other lower/manual social 

classes had about a 40-60% greater CHD risk. The absolute difference in CHD incidence 

risk between the highest and lowest social classes was 4%; for every 100 men followed-up 

for a mean period of 6.5 years in each of the highest and lowest social classes, 4 extra CHD 

events would be expected in the lowest social class group. Previous studies in older 

populations have not reported the magnitude of socioeconomic differences in CHD in 

absolute terms. A 20-50% greater relative risk of CHD in lower compared with higher 
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socioeconomic groups has been previously reported in older age populations aged over 60 

years.22;26;118;119;121 These variations in the extent of inequalities previously reported could 

be due to the use of different socioeconomic measures including education and 

occupational social class.22;118;119;121 Also different ways of classifying these measures and 

different groups for comparison have been used such as higher versus lower educational 

levels, highest versus lowest employment grade or social class, and non-manual versus 

manual social class.22;26;118;119;121 In these studies the increased CHD risk in lower 

socioeconomic groups in older age was smaller than in middle-age.22;118;119 It is 

nevertheless, clear that socioeconomic inequalities in CHD are present in older age and are 

not restricted to middle-age.  

 

Explanations of socioeconomic inequalities in health have been widely researched in 

middle-aged populations. Studies with middle-aged participants mostly show that relative 

socioeconomic inequalities in CHD are not largely accounted by established coronary risk 

factors,38;39;210 although some studies report that coronary risk factors such as cigarette 

smoking and blood pressure have a substantial influence on socioeconomic inequalities in 

CHD.28;37;211 Recent studies in middle-aged populations suggest that coronary risk factors 

(smoking, blood pressure and cholesterol) can also explain a substantial proportion of 

absolute socioeconomic differences in CHD risk.35;36;222 However, little is known about the 

determinants of socioeconomic inequalities in CHD in older age. A Swedish population-

based cohort aged ≥65 years found adjustment for coronary risk factors (smoking, physical 

activity, BMI, hypertension and diabetes) to attenuate the increased risk in manual social 

class groups.121 However, in a prospective study comprising older Danish men (mean age 

63 years), established cardiovascular risk factors (blood pressure, smoking, lipids and 
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physical activity) made only a small contribution to the relative social difference in CHD 

risk.26 A study in South Korea showed much weaker socioeconomic inequalities in 55-64 

year old men.36 This study however, comprised public servants, a more homogenous group 

than the participants of the present study. The relative and absolute contributions of both 

established and novel risk factors to socioeconomic inequalities in CHD risk in older 

subjects (60-79 years) with a mean age over 65 years presented in this Chapter have not 

been previously reported.  

 

Social class differences in behavioural coronary risk factors including cigarette smoking 

(the most important single factor), physical activity, BMI and alcohol consumption made an 

important contribution to the increased risk of CHD in lower social class groups, 

accounting for about 38% of the relative risk and over 40% of absolute risk. Another study 

has also observed that cigarette smoking was the largest contributor to socioeconomic 

inequalities in CHD.36 Established coronary risk factors such as blood pressure, HDL-C, 

LDL-C and triglycerides made little contribution above that of the behavioural factors, 

possibly due to their weaker relationships with CHD with increasing age.123;124 Novel 

cardiovascular risk factors including CRP, IL-6, and vWF explained about a further 10% of 

the relative socioeconomic inequalities in CHD risk in addition to behavioural risk factors. 

Taken together, both health behaviours and novel risk factors together explained about 55% 

of the relative and about 60% of the absolute social class inequalities in CHD. An increased 

CHD risk in the lowest social class group (social class V) remained after taking into 

account behavioural and novel risk factors, although it was not statistically significant. 

Studies examining the possible contribution of novel coronary risk factors such as 

inflammatory markers, to socioeconomic inequalities in CHD are limited and no previous 
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study has investigated this in older populations. The Women’s Health Study showed that 

CRP and fibrinogen explained little of the socioeconomic differences in cardiovascular 

disease beyond the effect of traditional coronary risk factors in middle-aged women.212 The 

results of studies in middle-aged populations suggest that a greater proportion of absolute 

risk difference can be explained by established coronary risk factors even though the 

relative risk explained can be limited.35;222 The limited contribution of established coronary 

risk factors such as blood lipids to relative socioeconomic inequalities may reflect the weak 

socioeconomic variations frequently observed in these risk factors.35 In the present study, 

the contributions of risk factors to absolute social class differences were only slightly 

greater than contributions to relative inequalities. This difference in results between studies 

could be due to different methods used to quantify the contribution of risk factors. In the 

present study, average levels of risk factors in the cohort were applied to all participants to 

assess the influence of risk factors to absolute inequalities, whereas other studies have used 

a more optimistic scenario of complete removal of risk factors, or risk reductions achieved 

from best-practice interventions (smoking cessation, reduction of blood pressure and 

cholesterol).35;36;222 Nonetheless, an appreciable substantial proportion of absolute social 

class inequalities (about 40%) was explained by established behavioural factors in the 

present study.  

 

This was also reflected in the results on population attributable risk fractions – behavioural 

risk factors made the largest contribution to reducing the population risk for CHD 

attributable to manual social classes, while novel coronary risk factors made a modest 

additional contribution. If manual social classes had the same CHD risk as non-manual 

groups 12% of all CHD events could have been prevented. This population risk attributable 
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to social class differences would be reduced to 7% if behavioural factors in manual social 

classes were similar to non-manual groups – implying a 41% contribution of behavioural 

risk factors.  

6.6.3 Interpretation of findings 

Findings of this Chapter suggest that marked socioeconomic inequalities in CHD persist in 

older British men. Occupational social class, based on longest-held occupation in middle-

age, was a good indicator of these inequalities. CHD risk increased from the highest to the 

lowest social class. Behavioural coronary risk factors, particularly smoking, made a 

substantial contribution to these inequalities, both in relative and absolute terms (about 

40%). The importance of these risk factors in terms of relative socioeconomic inequalities 

would be in understanding the aetiology of these inequalities, while the contribution of 

these risk factors to absolute socioeconomic differences implies their public health potential 

to reducing these inequalities in CHD in older age.35  

  

The contribution of inflammatory/haemostatic markers, to the association between 

socioeconomic inequalities and CHD risk remains uncertain. The potential contribution of 

these markers to socioeconomic inequalities in CHD is based on the premise that these 

markers are related to increased CHD risk as well as to socioeconomic position. It is 

biologically plausible that this association may partly reflect the effects of psychosocial 

stresses on atherothrombosis,12 and acute stress responses for IL-6 and vWF have been 

documented.224;367 There is increasing evidence from prospective studies and from meta-

analyses of prospective studies that inflammatory markers (CRP, IL-6 and vWF) are 

associated with increased risk of CHD.12;13;188 However, the causal relations of 
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inflammatory and haemostatic markers with CHD risk independent of established coronary 

risk factors and socioeconomic factors are not fully established.12;368 Moreover, the relation 

of these markers with socioeconomic position has been reported to be confounded by 

behavioural risk factors such as smoking,41;227 as also presented in Chapter 5. High levels of 

inflammatory markers in older age have been shown to be strongly related to morbidity, 

and to coronary risk factors including smoking, physical activity, blood pressure and 

dyslipidemia.43;196;232;369 It is, therefore, possible that the contribution of 

inflammatory/haemostatic markers including CRP and IL-6 to socioeconomic inequalities 

in CHD reflect some underlying disease processes in the elderly, and the role of 

behavioural coronary risk factors. Even if these novel risk factors are considered to be 

independent contributors to socioeconomic inequalities, their contribution was less than 

that of behavioural risk factors in the present study.  

 

Although the established and novel coronary risk factors together explained a substantial 

proportion of the socioeconomic inequalities, the full extent of inequalities in CHD in the 

above results was not accounted for by these factors. A possible explanation for this could 

be imprecision in measurement of risk factors such as smoking and blood pressure, leading 

to an underestimation of their contribution. Single measurements of these risk factors can 

fail to capture the cumulative effect of adverse lifestyle which is influenced by 

socioeconomic conditions over the life course.46;261 It is also possible that psychosocial 

stress is playing a role. However, if it were important, it would need to be operating 

through pathways other than those involving behavioural and other established coronary 

risk factors.  
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6.6.4 Conclusions 

Little is known about the extent and determinants of socioeconomic inequalities in CHD in 

later life. This Chapter investigated the extent of socioeconomic inequalities in CHD in 

older age. Data from the BRHS showed that socioeconomic inequalities persisted in 60-79 

years old men who were followed up for at least 6 years – nearly a three-fold greater CHD 

risk was present in the lowest compared with highest social class, and a 4% absolute 

difference in CHD risk between these groups. Socioeconomic inequalities were seen for 

different measures including social class, house and car ownership and by pension 

arrangements. Behavioural risk factors (particularly cigarette smoking, and also physical 

activity, BMI and alcohol consumption) made substantial contributions to both the relative 

and absolute social class differences in CHD. Novel risk factors (inflammatory markers) 

made some additional contribution to social class inequalities in CHD in older men. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 6 Socioeconomic position and CHD risk in older age 

 

186

 
 
 
Table 6.1 Relationship between occupational social class and other measures of 

socioeconomic position in men aged 60-79 years in 1998-2000 

 

Social class 

Age at leaving full-

time education 

Mean (SD) 

Proportion leaving full-

time education ≤14 years 

n (%) 

Not a house 

owner 

n (%) 

Not a car 

owner 

n (%) 

State only 

pension 

n (%) 

I 18 (6) 23 (7) 13 (4) 15 (4) 11 (3) 

II 17 (5) 213 (22) 50 (5) 77 (8) 85 (9) 

III non-manual 16 (5) 110 (31) 37 (10) 52 (14) 42 (12) 

III manual 15 (5) 643 (50) 243 (16) 307 (21) 361 (27) 

IV 15 (5) 155 (56) 82 (25) 109 (33) 86 (30) 

V 15 (4) 50 (57) 32 (30) 37 (34) 31 (34) 

p for trend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
 
   SD=standard deviation 
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Table 6.2 CHD (incidence and mortality) according to social class and education in men aged 60-79 years in 1998-2000 

 
  CHD incidence   CHD mortality    

n Rate/1000 
person years 

Age-adjusted Further adjusted for 
education/social class 

Rate/1000 
person years 

Age-adjusted Further adjusted for 
education/social class 

 
Social Class 

   
HR (95%CI)   

HR (95%CI) 
I 372 8.1 1.00 1.00 5.6 1.00 1.00 

II 1035 10.1 1.21 (0.74, 1.99) 1.33 (0.68, 2.61) 7.1 1.20 (0.66, 2.17) 1.24 (0.72, 2.13) 

III non-manual 381 10.6 1.26 (0.71, 2.25) 1.22 (0.55, 2.71) 5.8 0.96 (0.47, 1.99) 1.40 (0.75, 2.61) 

III manual 1525 11.6 1.40 (0.87, 2.26) 1.42 (0.71, 2.84) 8.2 1.39 (0.79, 2.46) 1.31 (0.75, 2.29) 

IV 336 13.3 1.60 (0.90, 2.84) 1.38 (0.58, 3.30) 9.4 1.59 (0.80, 3.15) 1.25 (0.62, 2.52) 

V 112 20.5 2.70 (1.37, 5.35) 3.10 (1.16, 8.31) 14.4 2.77 (1.23, 6.24) 2.57 (1.14, 5.79) 

HR (95%CI) per unit social class   1.14 (1.04, 1.25) 1.08 (0.96, 1.22)  1.15 (1.02, 1.28) 1.11 (0.96,  1.28) 

p for trend    0.008    0.02  

 
Age of leaving full-time 
education 

 
 HR (95%CI) HR (95%CI)  HR (95%CI) HR (95%CI) 

>18 years 431 5.9 1.00 1.00 5.5 1.00 1.00 

15-18 years 1697 9.1 1.67 (1.00, 2.80) 1.56 (0.92, 2.66) 4.8 0.96 (0.55, 1.67) 0.90 (0.50, 1.60) 

≤14 years 1194 13.6 1.70 (1.01, 2.86) 1.50 (0.85, 2.65) 10.0 1.15 (0.66, 1.98) 0.99 (0.54, 1.82) 
Trends across groups    0.11  0.37   0.42 0.85 

HR (95%CI) per unit social class   0.98 (0.94, 1.01) 0.99 (0.95, 1.02)  1.00 (0.97, 1.03) 1.01 (0.98, 1.04) 

p for trend per year of education    0.17  0.36   0.93  0.62 
 
   HR=hazard ratio; CI=confidence intervals 
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Table 6.3 CHD (incidence and mortality) according to house ownership, car ownership and pension arrangements in men aged 

60-79 years followed-up from 1998-2000 to 2006 

 
   CHD incidence CHD mortality 

   Age-adjusted Adjusted for social 
class  Age-adjusted Adjusted for social 

class 

 n Rate/1000 
person years HR (95%CI) HR (95%CI) Rate/1000 

person years HR (95%CI) HR (95%CI) 

House ownership        

Yes 3201 10.4 1.00 1.00 7.0 1.00 1.00 

No 457 16.4 1.42 (1.03, 1.96) 1.30 (0.93, 1.80) 12.7 1.55 (1.08, 2.24) 1.42 (0.97, 2.08) 

p value   0.03 0.13  0.02 0.07 

Car ownership        

Yes 3105 10.3 1.00 1.00 6.7 1.00 1.00 

No 597 16.5 1.39 (1.04, 1.86) 1.26 (0.93, 1.71) 13.6 1.64 (1.18, 2.27) 1.50 (1.06, 2.11) 

p value   0.03 0.13    0.003  0.02 

Pension arrangement        

Occupational/private 2801 9.6 1.00  1.00 6.4 1.00 1.00 

State only 616 15.3 1.48 (1.11, 1.99) 1.38 (1.02, 1.88) 10.0 1.40 (0.98, 2.00) 1.28 (0.88, 1.86) 

p value   0.009 0.04  0.07  0.20 
 
  HR=hazard ratio; CI=confidence intervals 
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Table 6.4 Hazard ratios (95%CI) for CHD (incidence and mortality) according to social class and the effect of adjustment for 

established and novel coronary risk factors in men aged 60-79 years followed-up from 1998-2000 
Social Class Age-adjusted Age and behavioural 

factors1 
Age, behavioural and 
biological risk factors2 

Age, behavioural factors 
and CRP 

Age, behavioural factors 
and IL-6 

Age, behavioural factors 
and vWF 

All risk factors 

         CHD incidence    
I 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

II 1.21 (0.74, 1.99) 1.13 (0.68, 1.86) 1.10 (0.67, 1.82) 1.09 (0.66, 1.80) 1.12 (0.68, 1.85) 1.12 (0.68, 1.85) 1.08 (0.65, 1.78) 

III non-manual 1.26 (0.71, 2.25) 1.16 (0.65, 2.08) 1.12 (0.62, 2.01) 1.09 (0.61, 1.96) 1.13 (0.63, 2.02) 1.13 (0.63, 2.02) 1.05 (0.58, 1.88) 

III manual 1.40 (0.87, 2.26) 1.23 (0.75, 2.00) 1.20 (0.74, 1.95) 1.16 (0.71, 1.89) 1.16 (0.71, 1.89) 1.19 (0.73, 1.95) 1.11 (0.68, 1.82) 

IV 1.60 (0.90, 2.84) 1.22 (0.68, 2.21) 1.23 (0.68, 2.22) 1.17 (0.65, 2.11) 1.19 (0.66, 2.15) 1.17 (0.65, 2.11) 1.14 (0.63, 2.06) 

V 2.70 (1.37, 5.35) 2.14 (1.06, 4.33) 2.08 (1.03, 4.19) 2.04 (1.01, 4.11) 2.08 (1.03, 4.18) 2.02 (0.97, 4.08) 1.88 (0.93, 3.81) 
        
Per unit social class 1.14 (1.04, 1.25) 1.08 (0.98, 1.19) 1.08 (0.98, 1.19) 1.07 (0.97, 1.18) 1.07 (0.97, 1.18) 1.07 (0.97, 1.18) 1.06 (0.96, 1.17) 

p for trend 0.008 0.11 0.11 0.16 0.17 0.17 0.25 

% Attenuation in age-adjusted relative risk per unit 
social class after adjustment for risk factors* 38% 38% 46% 47% 47% 55% 

          CHD mortality    

I 1.00 1.00 1.00 1.00 1.00 1.00  

II 1.20 (0.66, 2.17) 1.11 (0.61, 2.01) 1.09 (0.60, 1.98) 1.06 (0.58, 1.93) 1.11 (0.61, 2.03) 1.07 (0.60, 1.98) 1.07 (0.59, 1.95) 

III non-manual 0.96 (0.47, 1.99) 0.86 (0.41, 1.79) 0.83 (0.40, 1.74) 0.78 (0.37, 1.64) 0.83 (0.40, 1.73) 0.81 (0.39, 1.70) 0.77 (0.37, 1.61) 

III manual 1.39 (0.79, 2.46) 1.19 (0.66, 2.13) 1.18 (0.66, 2.11) 1.11 (0.62, 1.99) 1.12 (0.62, 2.01) 1.14 (0.64, 2.05) 1.07 (0.60, 1.92) 

IV 1.59 (0.80, 3.15) 1.21 (0.60, 2.44) 1.23 (0.61, 2.48) 1.15 (0.57, 2.32) 1.20 (0.60, 2.43) 1.14 (0.56, 2.30) 1.14 (0.56, 2.31) 

V 2.77 (1.23, 6.24) 2.13 (0.92, 4.91) 2.06 (0.90, 4.76) 2.01 (0.87, 4.65) 2.12 (0.92, 4.88) 2.00 (0.87, 4.63) 1.88 (0.81, 4.36) 
        
Per unit social class 1.15 (1.02, 1.28) 1.09 (0.97, 1.22) 1.09 (0.97, 1.23) 1.08 (0.96, 1.21) 1.07 (0.95, 1.21) 1.07 (0.95, 1.21) 1.06 (0.94, 1.20) 

p for trend 0.02 0.17 0.16 0.23 0.24 0.24 0.32 

% Attenuation in age-adjusted  relative risk per 
unit social class after adjustment for risk factors* 39% 37% 46% 46% 48% 56% 

 

1Behavioural factors=smoking, alcohol consumption, physical activity and BMI; 2Biological risk factors=systolic blood pressure, triglycerides, LDL-cholesterol, HDL-cholesterol;  

*[(β0- β1)/ β0]*100; β0=age-adjusted log hazard ratio per unit increase in social class, β1=log hazard ratio per unit increase in social class additionally adjusted for risk factors  
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Table 6.5 Event probability (%) for CHD (incidence and mortality) according to social class at 6.5 years follow-up from 1998-

2000 and the effect of adjustment for established and novel coronary risk factors on the absolute social class difference in event 

probability 
Social Class Age-adjusted Age and behavioural 

factors1 
Age, behavioural and 
biological risk factors2 

Age, behavioural factors 
and CRP 

Age, behavioural factors 
and IL-6 

Age, behavioural factors 
and vWF 

All risk factors 

        CHD incidence    
I 4.74 5.08 4.92 5.12 5.12 5.16 5.05 

II 5.38 5.50 5.33 5.49 5.48 5.52 5.35 

III non-manual 6.11 5.95 5.78 5.88 5.86 5.91 5.67 

III manual 6.93 6.44 6.26 6.30 6.71 6.32 6.01 

IV 7.86 6.96 6.78 6.75 6.55 6.75 6.37 

V 8.90 7.53 7.34 7.23 7.17 7.22 6.75 
        

% Attenuation in absolute difference 
between social class I and V after 
adjustment for risk factors* 

41% 42% 49% 51% 51% 59% 

        CHD mortality    
I 2.85 2.91 2.81 2.91 2.87 2.95 2.83 

II 3.27 3.17 3.07 3.13 3.08 3.17 3.01 

III non-manual 3.75 3.45 3.34 3.37 3.32 3.40 3.20 

III manual 4.30 3.75 3.65 3.64 3.56 3.66 3.40 

IV 4.92 4.07 3.98 3.92 3.83 3.93 3.62 

V 5.63 4.43 4.34 4.22 4.12 4.22 3.85 
        

% Attenuation in absolute difference 
between social class I and V after 
adjustment for risk factors* 

45% 45% 53% 55% 55% 63% 

 

1Behavioural factors=smoking, alcohol consumption, physical activity and BMI; 2Biological risk factors=systolic blood pressure, triglycerides, LDL-cholesterol, HDL-cholesterol; 

*(AD0-AD1)/AD0*100; AD0 is age-adjusted absolute difference in event probability between social class I and V; AD1 is absolute difference in event probability adjusted for risk 

factors 
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Table 6.6 Population attributable risk fraction (PARF) from socioeconomic differences between manual and non-manual social 

class for CHD (incidence and mortality) 
 

 Population attributable risk fraction 

 Age-adjusted Age and behavioural 
factors1 

Age, behavioural and 
biological risk factors2 

Age, behavioural 
factors and CRP 

Age, behavioural 
factors and IL-6 

Age, behavioural 
factors and vWF 

All risk factors 

PARF (%) - CHD incidence 12 7 7 6 5 6 5 

% PARF explained by risk 
factors* 

 
 

41 41 52 56 52 56 

PARF (%) - CHD mortality 15 10 10 9 7 9 7 

% PARF explained by risk 
factors*  34 34 43 52 43 52 

 
    *(Unadjusted PARF-adjusted PARF)/unadjusted PARF*100 
 

 



 

 

 

192

7 Chapter: Relationship of childhood socioeconomic position to coronary heart disease risk in later life  
 
Chapter 7 

Relationship of childhood socioeconomic position with 

coronary heart disease risk in later life 

7.1 Summary 

The independent influence of childhood socioeconomic position on health in later life 

remains uncertain. The extent to which childhood socioeconomic position is related to 

risk of coronary heart disease (CHD) in older British men was examined, taking account 

of adult social class and adult behavioural risk factors. Childhood socioeconomic 

position, based on father’s occupation and childhood household amenities, was assessed 

retrospectively in the subjects of the British Regional Heart Study in 1992 when the 

men were aged 52-73 years. The men were followed-up for CHD incidence (fatal and 

non-fatal) and CHD mortality for 12 years till 2004. Men whose childhood social class 

was manual had an increased hazard ratio (HR) of 1.34 (95%CI 1.11, 1.63) for CHD 

incidence, though there was no consistent graded association between childhood social 

class and CHD incidence (age-adjusted p for trend 0.18). This association was 

attenuated when adjusted for adult social class and adult behavioural risk factors 

(cigarette smoking, alcohol, physical activity and body weight) (HR 1.21; 95%CI 0.99, 

1.48). Men whose family did not own a car in their childhood were at increased CHD 

incidence risk even after adjustments for adult social class and behaviours (HR 1.34, 

95%CI 1.04, 1.74 for CHD incidence).  Men with combined exposure to manual social 

class in both childhood and adulthood had the highest risk of CHD incidence (HR 1.51; 

95%CI 1.19, 1.91). However, this was substantially reduced after adjustment for adult
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behavioural risk factors (HR 1.25; 95%CI 0.98, 1.61). Similar results were observed for 

CHD mortality. Lower socioeconomic position in childhood may have a modest 

persisting influence on risk of CHD in older age. 

 

7.2 Introduction 

One of the potential pathways to the development of coronary heart disease (CHD) in 

adult life is through the environment in early life.52 There is evidence supporting the 

association of childhood socioeconomic position with CHD independent of adult 

socioeconomic position.54;55;267 However, many of the studies, which examined this 

issue (seven of the ten studies in a systematic review),54 did not take into account the 

role of adult behavioural risk factors. Lower socioeconomic position in childhood is 

associated with adverse behavioural factors in adult life including cigarette smoking, 

greater physical inactivity and obesity.180;259;262 Adult behavioural factors could, 

therefore, be important influences on the relationship between childhood socioeconomic 

position and risk of CHD in later life. Some studies show that the association of 

childhood socioeconomic position with CHD is attenuated or reduced when adult 

behavioural risk factors are controlled for.56;58;106;370 Early life socioeconomic position is 

related to adult socioeconomic position,262 which is itself related to CHD risk, and 

therefore, assessment of the association of childhood socioeconomic position with CHD 

needs to take adult socioeconomic position into account. Adjusting for adult 

socioeconomic position and adult behavioural factors assumes their role as confounders 

of the childhood socioeconomic position-CHD relationship. However, it is plausible 

that these factors mediate the influence of early life socioeconomic position on CHD in 

later life. It has previously been shown in the British Regional Heart Study that in 

middle age (mean age of 50 years), childhood socioeconomic position was related to 
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CHD, independent of adult socioeconomic position and behavioural risk factors.272 Few 

previous studies have reported the extended influence of childhood socioeconomic 

position in older age.  

 

7.3 Objectives 

The objectives of this Chapter are:  

i) To examine the relation of childhood socioeconomic position to CHD risk (incidence 

and mortality) in older men aged 52-74 years (mean age 62 years) over a 12 year 

follow-up period, using father’s occupation and childhood household amenities as 

markers of childhood socioeconomic position.  

ii) To assess the contribution of adult social class and adult behavioural risk factors to 

the associations between childhood socioeconomic position and CHD. 

iii) To examine the combined effect of childhood and adult social class on CHD risk.  

 

7.4 Methods 

In 1992, information on childhood socioeconomic position in the British Regional Heart 

Study was collected by postal questionnaires in addition to information on lifestyle 

factors (response rate of 91%). The questionnaires were also used to collect information 

on adult behavioural factors. Adult social class was based on the longest-held 

occupation recorded at study entry when the men were aged 40-59 years.  

 

For this analysis, follow-up data on morbidity and mortality from 31st October 1992 

until 1st June 2004 were used. The outcomes of interest were CHD incidence (fatal and 

non-fatal myocardial infarction) and CHD mortality. Information on morbidity and 
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mortality has been routinely collected during the follow-up through general practice 

records and the National Health Service Central Register respectively (see sections 3.6.1 

and 3.6.2). In accordance with the World Health Organisation criteria, non-fatal 

myocardial infarction was defined by the presence of at least two of – severe prolonged 

chest pain, ECG evidence of myocardial infarction, and cardiac-enzymes changes 

consistent with myocardial infarction.283;284 Information from death certificates using 

the International classification of diseases, 9th revision (ICD-9) was used to identify 

fatal myocardial infarction cases as deaths with code 410-414 (equivalent to ICD 10th 

revision codes I20-I25).   

7.4.1 Childhood socioeconomic position 

As described in section 3.9.3 (page 90 of Chapter 3), the men were asked to report the 

longest-held occupation of their father in the 1992 questionnaire. Subjects were 

categorised into manual [3747 (72% of all subjects)] and non-manual [1434 (28%)] 

childhood social class groups. Based on the longest-held occupation of the father, the 

men were also classified into childhood social class groups using the Registrar 

General’s Social Class Classification of 1931 (close to the mid-year of birth of study 

participants) – I (professional), II (intermediate), III (skilled), IV (partly skilled) and V 

(unskilled).108;302 Social class III was further divided into III non-manual and III manual 

groups. Due lack of adequate information on father’s occupation, a few subjects 

(n=120) were only classified into non-manual or manual groups. Information on 

childhood household amenities as a proxy for childhood socioeconomic position was 

also collected in 1992 to enable a better assessment of early life socioeconomic 

position. Subjects were asked if up to the age of 10 years their home had a bathroom, 

hot water supply and if their family owned a car.  
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7.4.2 Adult socioeconomic position 

As described in section 3.9.1 (page 87) subjects’ own adult social class was based on 

the longest-held occupation of each man recorded at the study entry when aged 40-59 

years. Social classes I, II, III non-manual were categorised as ‘non-manual social class’ 

and social classes III manual, IV and V as ‘manual social class’.  

7.4.3 Adult behavioural risk factors 

As described in sections 3.7.3 to 3.7.5 (page 82-83), detailed questions in 1992 were 

asked about cigarette smoking (number of cigarettes smoked and changes in smoking 

habits), alcohol consumption (frequency and number of alcoholic drinks), physical 

activity (frequency and type of activity), and body weight.43;281;282 Body mass index 

(BMI) was calculated as body weight/(height)2 using measures of body weight (in 

kilograms) and height (in meters, measured at the baseline examination). The men were 

classified into groups based on their alcohol intake – none, occasional (<1unit/week), 

light (1-15 units/week), moderate (16-42 units/week) and heavy (>42 units/week); 1 UK 

unit = 10g. In the questionnaire, subjects were also asked to report their pattern of 

physical activity including walking, cycling and other sporting activities. Physical 

activity scores were assigned on the basis of frequency and type of activity and were 

divided into 6 groups: none, occasional, light, moderate, moderately-vigorous and 

vigorous. Subjects in the categories of ‘none’ or ‘occasional’ activity were grouped 

together as ‘inactive’.  

7.4.4 Rationale for analyses 

The relationship between childhood socioeconomic position and CHD (incidence and 

mortality) risk in older age was examined. Different measures of childhood 

socioeconomic position were used including childhood social class and childhood 
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household amenities such as bathroom inside the house, hot water supply and family car 

ownership. Since childhood socioeconomic position is associated with adult 

socioeconomic position and adult behavioural factors which are also related to 

CHD,19;180;259;262 the effect of the different measures of childhood socioeconomic 

position on CHD risk was adjusted for adult social class and for adult behavioural risk 

factors (cigarette smoking, physical activity, BMI and alcohol consumption). To assess 

the combined effect of childhood and adult social class on CHD risk, and to explore any 

interaction between childhood and adult social class, subjects were categorised into four 

groups according to both childhood and adult social class – both childhood and adult 

non-manual social class; childhood non-manual and adult manual social class; 

childhood manual and adult non-manual; and childhood and adult manual social class. 

The combined effect of childhood and adult social class on CHD risk was adjusted for 

adult behavioural factors. The relationship of adult behavioural risk factors with the 

combined childhood and adult social class groups was also explored. 268 (5%) men 

who did not report their father’s occupation and 115 (2%) men whose fathers’ longest-

held occupation was the Armed Forces were excluded from the analyses.  

7.4.5 Statistical methods 

Cox proportional hazards model was used to calculate age-adjusted hazard ratios with 

95% confidence intervals (CI) for CHD incidence and CHD mortality according to 

childhood social class across six social classes with social class I as the reference group, 

and separately also for manual (social classes IIImanual, IV, V) compared with non-

manual (social classes I, II, IIInon-manual) childhood social class. The proportionality 

assumption for the Cox models was assessed by carrying out a test on the Schoenfeld 

residuals.363 There was no strong evidence against the assumption. The model was then 

separately adjusted first for adult social class (all six social classes), second for adult 
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behavioural risk factors, and finally both for adult social class and behavioural risk 

factors. Similar hazards ratios were calculated according to childhood household 

amenities. Hazard ratios for CHD risk were also calculated according to adult social 

class adjusted for childhood social class and then behavioural risk factors. Hazard ratios 

for CHD incidence and mortality were calculated for the combined childhood and adult 

social class groups - both childhood and adult non-manual social class (reference 

category); childhood non-manual and adult manual social class; childhood manual and 

adult non-manual; and childhood and adult manual social class. Formal tests of 

interaction between childhood and adult social class were also carried out. To further 

explore the relationship of adult behavioural risk factors with childhood and adult social 

class, the percentage of men who were current smokers, heavy drinkers, physically 

inactive and obese (BMI ≥30 kg/m2) according to the groups of combined childhood 

and adult social class was calculated. For the adjustments, age and BMI were fitted as 

continuous variables. Childhood social class (six levels), adult social class (six levels), 

smoking (six levels), physical activity (five levels) and alcohol intake (five levels) were 

fitted as ordinal variables. Analyses were carried out using SAS version 8 and STATA 

version 9. 

  

7.5 Results 

7.5.1 Childhood social class, childhood amenities, and adult behavioural factors 

Among 5181 men aged 52-74 years at 1992 who were followed over a 12 year period, 

595 (1.12% per annum) CHD incident cases and 407 (0.76% per annum) CHD mortality 

had occurred. Table 7.1 describes the demographic characteristics of the subjects 

according to childhood social class. Table 7.1 shows that lower childhood social classes 
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had a greater proportion of men who were in adult manual social class (social class 

IIImanual, IV, V). 85% of men of adult manual social class had a manual childhood 

social class. The proportions of men lacking childhood amenities (bathroom inside the 

house, hot water and family car) were higher in men of manual childhood social class 

(Table 7.1). Table 7.2 shows the differences in adult behavioural factors according to 

childhood social class. A greater proportion of men of manual childhood social class 

were current smokers, overweight, obese and physically inactive compared with men of 

non-manual childhood social class groups (I, II and III non-manual).  

7.5.2 Childhood social class, childhood amenities and CHD incidence 

Table 7.3 shows the number of CHD incident cases and hazard ratios for CHD 

according to childhood and adult social class. Across the 6 childhood social class 

groups, there was no strong evidence of a consistent association with CHD incidence 

(age-adjusted p for trend 0.18). However, men of manual childhood social class had a 

greater risk of CHD incidence compared with men of non-manual childhood social class 

(age-adjusted hazard ratio 1.34; 95%CI 1.11, 1.63). When adjusted for adult social class 

this effect, was weakened (hazard ratio 1.26; 95%CI 1.03, 1.55), though it remained 

statistically significant. In an age-stratified analysis, there was no evidence that this 

association differed between older (>63 years) and younger (≤63 years) men (p for 

interaction 0.82). The effect of childhood social class (non-manual vs. manual) was 

diminished when adjusted for adult behavioural risk factors (hazard ratio 1.21; 95%CI 

0.99, 1.47. See Table 7.3). After adjustment for behavioural factors, additionally 

controlling for adult social class did not substantially alter these effect estimates (Table 

7.3).  
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Adjustment for town of birth or region of residence in adult life (at the time of 

recruitment in the study) in addition to adult behavioural risk factors and adult social 

class made very little difference to the reported effect of childhood social class on CHD 

risk. In addition to adjustment for adult social class and behavioural factors, the hazard 

ratio for manual compared to non-manual childhood social classes was 1.17 (95%CI 

0.96, 1.44) when adjusted for region of birth, and 1.19 (95%CI 0.97, 1.46) when 

adjusted for region of residence. In addition to adult behavioural risk factors and adult 

social class, adjustment for other biological risk factors measured at baseline screening 

including blood cholesterol, blood pressure and blood glucose also did not materially 

affect these results; the adjusted hazard ratio for manual childhood social classes was 

1.21 (95%CI 0.98, 1.49).  

 

Men of adult manual social class had a greater risk of CHD compared to non-manual 

groups, but the strength of this association was weaker than that seen for childhood 

social class (age-adjusted hazard ratio 1.24; 95%CI 1.05, 1.46. See Table 7.3). The 

effect of adult social class was slightly diminished when adjusted for childhood social 

class, and was attenuated when further adjusted for behavioural factors. Table 7.3 also 

shows hazard ratios for CHD incidence in relation to three different childhood 

household amenities. Those men whose family did not own a car in childhood had a 

higher CHD risk compared to those who did (age-adjusted hazard ratio 1.44; 95%CI 

1.12, 1.85). This association remained statistically significant even after adjusting for 

adult social class and behavioural risk factors. Other childhood household amenities 

(bathroom inside the house and hot water supply) demonstrated weak non-significant 

associations with CHD incidence. Combining these childhood household amenities and 

childhood social class in a score (from 0 to 5), showed weak evidence of a higher CHD 
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risk with increasing number of adverse childhood socioeconomic circumstances [hazard 

ratio for CHD incidence per unit increase in score was 1.07 (95%CI 1.01, 1.14); p for 

trend 0.02]. This association was, however, attenuated when adjusted for adult 

behavioural factors [hazard ratio for CHD incidence per score was 1.04 (95%CI 0.97, 

1.10); p for trend 0.27].  

7.5.3 Childhood social class, childhood amenities and CHD mortality 

Table 7.4 shows the corresponding relationships of childhood social class, childhood 

household amenities and adult social class with CHD mortality. The associations of 

childhood social class and childhood amenities with CHD mortality were similar to 

those with CHD incidence described in the previous section. There was no gradient 

observed in the association with CHD mortality across the six childhood social classes 

(p for trend=0.24), although men of childhood manual social classes together had an 

increased risk of CHD mortality compared with non-manual groups (age-adjusted 

hazard ratio was 1.29; 95%CI 1.03, 1.63). The effect of manual childhood social class 

on CHD mortality was weakened on adjustment for adult social class and was 

attenuated when further adjusted for adult behavioural risk factors (hazard ratio 1.09; 

95%CI 0.86, 1.40). Lack of family car ownership was associated with a greater risk of 

CHD mortality (age-adjusted hazard ratio 1.68; 95%CI 1.22, 2.33), which was 

independent of adult social class and behavioural risk factors. The effect of adult 

manual social class on CHD mortality was slightly weakened by adjustment for 

childhood social class, but was diminished when adult behavioural factors were taken 

into account. 



Chapter 7 Childhood socioeconomic position and CHD risk in later life 

 

202
 

 

7.5.4 Association of combined childhood and adult social class with CHD risk 

and with adult behavioural factors 

The combined effects of social class in childhood and adulthood on risk of CHD were 

examined in Table 7.5 and Table 7.6, which show CHD incidence and CHD mortality 

rates per 1000 person years and age-adjusted relative risks according to childhood and 

adult social class with non-manual childhood and adult social class group as the 

reference group (group 1). CHD risk was lowest in this reference group and highest in 

those with both childhood and adult manual social class (group 4). Exposure to manual 

social class either in childhood or in adulthood (groups 2 and 3) was also associated 

with increased risk of CHD incidence and mortality.  

 

Table 7.7 presents the relationship between adult behavioural factors and the combined 

childhood and adult social class marker. Higher levels of current smoking, physical 

inactivity and obesity were found in men who were of manual social class in either 

childhood or adulthood, with the highest levels in those exposed to both childhood and 

adult manual social class (group 4). Adult manual groups had higher levels of cigarette 

smoking and physical activity than all non-manual groups irrespective of childhood 

social class (groups 2 and 4 vs groups 1 and 3); childhood social class and adult social 

class had an influence on obesity. There was no evidence that the relation between 

childhood social class and these behavioural factors was different in adult non-manual 

and manual groups (p for tests for interaction for all behavioural factors >0.05).  

 

Table 7.5 and Table 7.6 also show the relative risk for CHD incidence and mortality 

adjusted for these behavioural risk factors according to combined childhood and adult 

social class. Adjustment for adult behavioural risk factors substantially reduced the 
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increased relative risks seen in those of both childhood and adult manual social class 

(group 4); the increased risk of CHD incidence was reduced from 1.51 (95%CI 1.19, 

1.91) to 1.25 (95%CI 0.98, 1.61). The greater relative risks of CHD incidence and 

mortality in men of manual social class either in childhood or in adulthood (groups 2 

and 3) were also attenuated when adjusted for adult behavioural risk factors. A test for 

interaction between childhood and adult social class showed no evidence that the effect 

of childhood social class (non-manual/manual) differed between those of adult non-

manual and manual groups (p value 0.47 for CHD incidence and 0.41 for CHD 

mortality). The test for interaction using the extended childhood social class 

classification also showed no strong evidence of it being different across the six groups 

of adult social class (p values for tests for interaction were 0.71 for CHD incidence and 

0.43 for CHD mortality).   

 

7.6 Discussion 

Manual childhood social class was associated with subsequent CHD risk in older age 

(52-74 years). The association diminished when adult behavioural risk factors were 

taken into account. The combination of manual childhood and adult social class 

increased the risk of CHD further but this was attenuated after adjustment for adult 

behavioural risk factors. Lack of family car ownership in childhood was associated with 

increased CHD risk, which was independent of adult social class and adult behavioural 

factors. A modest relationship of childhood social class with non-fatal CHD 

independent of adult social class and behavioural risk factors in middle-age (40-59 

years) has been previously reported in the present cohort.272  This Chapter extends the 

observations to CHD incidence and mortality in this population of older men, examines 
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other measures of socioeconomic position in childhood as well as investigates the 

combined effect of social class in early life and adulthood with incident CHD.  

7.6.1 Strengths and limitations of findings 

The results of this Chapter are based on a population-based, socioeconomically 

representative sample of older men from across Britain, with high rates of follow-up for 

morbidity and mortality. The findings, however, are not necessarily generalisable to 

women and younger men. Since the British Regional Heart Study comprised largely 

white European men, the generalisability of the findings may be limited to other ethnic 

groups. Nevertheless, given the generic nature of childhood socioeconomic 

circumstances, their association with CHD risk may still be applicable to most 

population groups. This would be supported by a study in South Asian men which 

showed a greater risk of death from cardiovascular disease (CHD and stroke) in those 

from lower socioeconomic positions in childhood and adulthood.371 In the present study, 

the childhood social class measure was based on the longest-held occupation of the 

father, which is likely to be a stable measure of childhood socioeconomic position, with 

social mobility in the father’s generation probably less marked than among men in the 

generation of this study, who would have been more influenced by widened educational 

opportunities. A limitation of the results of this Chapter is that the measure of childhood 

social class is based on retrospective collection of information, raising the possibility 

both of random error and reporting bias. A particular tendency to overestimate 

childhood socioeconomic position by reporting a higher or more favourable father’s 

social  class than that recorded in early life has previously been demonstrated.271 This 

would tend to result in underestimation of the effect of childhood social class on CHD 

risk. However, the validity of the father’s social class measurement in the British 

Regional Heart Study is suggested by its agreement with the childhood household 
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amenities data (Table 7.1) and its strong relationship with educational attainment of the 

subjects; a markedly lower proportion of subjects with fathers in manual occupations 

were educated after 18 years of age and a higher proportion left education at 14 years.  

Moreover, reporting bias is less likely for family household amenities in childhood, 

particularly car ownership, as participants are likely to recall such questions accurately. 

The accuracy of adult social class (based on occupation and used in adjusted analyses) 

is also important. This measure was based on longest-held occupation recorded at study 

entry in 1978-80 when the subjects were aged 40-59 years. It has already been 

established that this measure was stable over a 20-year period; as presented in Chapter 3 

(section 3.9.1 page 87) only a small proportion (9%) of subjects changed from non-

manual to manual social class. Moreover, the addition of other measures of adult social 

status (including car ownership and housing tenure) had little effect on the results 

observed in this Chapter (results not shown). The measures of socioeconomic position 

after retirement are however limited, allowing the possibility of some residual 

socioeconomic confounding. 

7.6.2 Comparison with previous studies 

The findings of this Chapter are consistent with previous studies on the relationship 

between childhood socioeconomic position and CHD risk.54;55 These studies have 

indicated that lower childhood socioeconomic position is associated with increased 

CHD risk. The size of the associations were also mostly weak – increased CHD risk in 

lower childhood socioeconomic groups ranged from 8% to about 

50%.57;58;105;258;266;268;370;372;373 Some studies reported about a two-fold increased 

risk,267;269;270 although the estimates for one study had wide confidence intervals.267 Two 

studies, on the other hand, found no significant relationship between early life 

socioeconomic position and CHD risk in adulthood.374;375 Only some of the earlier 
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studies have taken into account the additional role of adult behavioural risk factors 

(which can be important influences on the relation between childhood socioeconomic 

position and CHD) and showed that adjustment reduces the influence of childhood 

socioeconomic position.56-58;105;267;370 Socioeconomic position in childhood has also 

been found to be associated with increased accumulation of adult risk factors,262;264;376  

although some studies have reflected a difference in the influence of childhood and 

adult socioeconomic position on adult risk factors, with a stronger association of adult 

compared to childhood socioeconomic position with smoking and physical activity and 

a strong association between childhood socioeconomic position and 

BMI/obesity.180;259;377 Previous studies also show a cumulative effect of childhood and 

adult socioeconomic position on CHD risk.58;105;263 This is consistent with the findings 

of the present study in which manual social class in both childhood and adulthood was 

associated with a greater CHD risk, although the relationship was weakened when 

behavioural risk factors were taken into account. Most of the previous studies have, 

however, been carried out in middle-aged populations. A previous report from the 

British Regional Heart Study when the men were middle-aged (40-59 years), also 

observed a modest independent risk of non-fatal CHD in manual childhood social 

classes.272 The absence of any relation between most childhood household amenities 

(access to bathroom and hot water) with CHD risk in the present study, which is 

consistent with findings from the British Women’s Heart and Health Study, suggests 

that childhood infections as a result of poor household conditions are unlikely to be an 

important pathway to increased CHD risk in adulthood.106 This would also be consistent 

with a previous finding in the British Regional Heart Study of the lack of an association 

between previous Helicobacter Pylori infection (acquired in childhood) and CHD risk 

in adult life.378  
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7.6.3 Interpretation of findings 

The strength and statistical significance of the association of childhood socioeconomic 

position and CHD risk in this Chapter was strongly dependent on whether adjustment 

was made for adult social class and, particularly adult behavioural risk factors. The 

interpretation of these adjusted analyses depends on whether adult social class and adult 

behavioural risk factors are regarded as confounders of the childhood socioeconomic 

position–CHD association or mediators of it; if regarded as confounders then adjusted 

estimates are appropriate, and if regarded as mediators then unadjusted results would be 

a better guide. Childhood socioeconomic position is strongly related to adult 

socioeconomic position,262 and the adult behavioural risk factors are themselves 

affected both by early life and adult socioeconomic conditions.259;262  In the results 

presented in this Chapter, obesity in later life was related to childhood social class, 

while the other behavioural risk factors (smoking, physical activity) were more strongly 

influenced by adult social class.  While the different effects of childhood and adult 

social class on behavioural risk factors have been explored to some extent, it was not 

possible in this Chapter to separate fully the issue of whether these risk factors are 

mediators or confounders, though the former remains a strong possibility, suggesting 

that unadjusted analyses may provide a truer indicator of the association.  In the case of 

family car ownership in childhood, the association with CHD risk was however 

substantially independent of adjustment, though (like that for childhood social class) 

limited in strength. The persistence of this effect of childhood socioeconomic position 

in this older population is noteworthy. There are possible reasons why lack of family car 

ownership retained an independent relationship with CHD. First, the question on family 

car ownership may have been less prone to recall bias or misclassification compared 

with other questions on father’s occupation or other childhood amenities. Second, 



Chapter 7 Childhood socioeconomic position and CHD risk in later life 

 

208
 

 

family car ownership during the childhood of the subjects (approximately in the 1930s 

and 1940s) may be a better or stronger marker of material wealth or socioeconomic 

affluence. Thus, owning a car probably discriminated the very affluent from the rest, 

something that was not fully captured using the father’s occupation-based social class 

distinction. It has been previously shown in this study population that material wealth 

such as car ownership discriminates mortality even within occupational social class 

groups.362 A higher CHD risk in those lacking family car access, not necessarily 

indicating poverty as such, probably reflects the relative difference in wealth when 

compared to those who had a family car. It is possible that the effect of childhood 

socioeconomic position would be more apparent using more precise markers of resource 

income. This also highlights that the strength of the association of childhood 

socioeconomic position with CHD in later life in observational studies can differ 

according to the measures used to assess socioeconomic position in early life.260   

 

Different mechanisms have been postulated to explain how childhood or early life 

factors affect health in later life.46;254 Exposures acting during a specific period which 

influence the development of chronic diseases forms the basis of the ‘critical period 

model’ or ‘critical period with later effect modifiers’ if modified by exposures in later 

life. An example of this is the ‘fetal origin of adult disease hypothesis’ which proposes 

that low birth weight is associated with an increased coronary risk in adult life.50 It is 

possible that in the present study, lower childhood socioeconomic position was 

associated with other early life exposures including low birth weight and fetal 

undernutrition, which are implicated in CHD risk.52 The role of these early life 

exposures on CHD risk was not taken into account in the present study. The other 

potential pathway to chronic diseases is the ‘accumulation of risk model’. According to 
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this model adverse exposures accumulate over the life course gradually increasing the 

risk to worse adult health outcomes.46;55  This accumulation of risk can either occur in a 

dose-response fashion or through clustering of exposures such as low birth weight, poor 

diet, lower educational attainment which are all associated with lower childhood 

socioeconomic position.46  Adverse exposures can also accumulate by forming chains of 

risk where one exposure increases the risk of another. Although the data or results in 

this Chapter do not allow discrimination between these models, the results (particularly 

the combined influence of childhood and adult social class) would be consistent with a 

cumulative model of risk, with socioeconomic position at different stages of the life 

course contributing to overall CHD risk. However, it remains possible that 

socioeconomic exposures, particularly early in life, are critical in their timing. Large-

scale cohorts with measures at a larger number of different stages of the life course are 

needed to fully substantiate the ‘accumulation of risk’ model and to distinguish it from 

the ‘critical period’ model.    

7.6.4 Conclusions 

The results of this Chapter show that the association of lower childhood socioeconomic 

position and CHD risk persists in a population of older men. Combined exposure to 

lower (manual) socioeconomic position in both childhood and adulthood is associated 

with the most unfavourable lifestyle behaviour. These findings add to the current 

literature in showing that the influence of socioeconomic position in childhood, though 

modest, persists in older age. Moreover, by this age, behavioural risk factors, which can 

have their origins in childhood and adulthood, play an important role in developing risk 

of CHD incidence and CHD mortality.  

 



 

 

 

210 
 

 
Table 7.1 Demographic characteristics of men aged 52-73 years in 1992 according to childhood social class 

 
Childhood social class 

                              n 

Age (years)  

Mean (SD) 

Adult manual social class 

n (%) 

No bathroom in childhood home 

n (%) 

No hot water supply in childhood home 

n (%) 

No family access to car in childhood 

n (%) 

I 208 61 (6) 29 (14) 30 (14) 24 (12) 99 (48) 

II 767 62 (6) 259 (35) 268 (35) 253 (33) 471 (62) 

III non-manual 555 61 (6) 180 (33) 155 (28) 160 (29) 410 (74) 

III manual  2033 62 (6) 1133 (57) 1159 (57) 1113 (55) 1819 (90) 

IV 833 62 (6) 592 (73) 539 (65) 523 (63) 785 (95) 

V 665 61 (6) 477 (75) 444 (67) 436 (66) 635 (96) 
 

 n (%) = number of subjects (% of all those in that childhood social class) 
SD=standard deviation 
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Table 7.2 Adult behavioural risk factors in men aged 52-73 years in 1992 according to childhood social class 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  n (%) = number of subjects reporting health behaviour (% of all those in that childhood social class) 
*BMI ≥25 kg/m2 
†BMI ≥30 kg/m2 

 SE=-standard error 
 
 
 
 
 
 
 
 
 
 
 
 

Childhood social class Current smokers 

n (%) 

Heavy drinkers 

n (%) 

Physically inactive 

n (%) 

Overweight* 

n (%) 

Obese† 

n (%) 

BMI in kg/m2  

Mean (SE) 

I 24 (12) 14 (7) 60 (29) 107 (51) 12 (6) 25.3 (0.23) 

II 116 (15) 31 (4) 211 (28) 441 (58) 62 (8) 25.8 (0.12) 

III non-manual 71 (13) 16 (3) 176 (32) 309 (56) 45 (8) 25.8 (0.14) 

III manual 380 (19) 73 (4) 651 (32) 1216 (60) 215 (11) 26.1 (0.07) 

IV 203 (24) 34 (4) 291 (35) 531 (64) 107 (13) 26.3 (0.12) 

V 158 (24) 27 (4) 210 (32) 416 (63) 86 (13) 26.3 (0.13) 

p for trend <0.0001 0.55 0.02 0.0001 <0.0001 <0.0001 
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Table 7.3 CHD incidence according to childhood social class, adult social class and childhood household amenities in men aged 52-73 years 

followed-up from 1992 till 2004 

 
*Adult behavioural risk factors included smoking, alcohol consumption, physical activity and body mass index;   HR=hazard ratio; CI=confidence intervals 
† Adjusted for childhood social class  

  CHD incidence 
 

Age-adjusted Adjusted for age and 
adult social class 

Adjusted for age and adult 
behavioural risk factors* 

Adjusted for age, adult behavioural 
risk factors* and adult social class 

       
Childhood social class 
 

n 
 

n (%) 
 

HR (95%CI) 
 

HR (95%CI) 
 

HR (95%CI) 
 

HR (95%CI) 
 

   I 208 18 (9) 1.00       1.00              1.00                    1.00 
   II 767 86 (11) 1.26 (0.76, 2.10) 1.20 (0.72, 1.99) 1.14 (0.69, 1.90) 1.14 (0.68, 1.90) 
  III non-manual 555 51 (9) 1.03 (0.60, 1.76) 0.98 (0.57, 1.68) 0.91 (0.53, 1.57) 0.91 (0.53, 1.56) 
  III manual 2033 251 (12) 1.44 (0.89, 2.32) 1.31 (0.80, 2.13) 1.21 (0.75, 1.96) 1.19 (0.73, 1.94) 
   IV 833 94 (11) 1.34 (0.81, 2.21) 1.18 (0.70, 1.98) 1.06 (0.64, 1.77) 1.04 (0.62, 1.76) 
   V 665 77 (12) 1.34 (0.80, 2.34) 1.17 (0.69, 1.98) 1.07 (0.64, 1.80) 1.05 (0.62, 1.79) 
   p for trend    0.18        0.64              0.95                    0.91 

   Non-manual 1434 136 (9) 1.00       1.00              1.00                    1.00 
   Manual 3747 459 (12) 1.34 (1.11, 1.63) 1.26 (1.03, 1.55) 1.21 (0.99, 1.47) 1.21 (0.99, 1.48) 

Adult social class       
   Non-manual  2288 238 (10) 1.00      1.00             1.00                   1.00 
   Manual  2757 338 (12) 1.24 (1.05, 1.46) 1.19 (1.00, 1.42)† 1.06 (0.89, 1.26) 1.04 (0.86, 1.25)† 
Bathroom in childhood home       
   Yes  2504 268 (11) 1.00       1.00             1.00                    1.00 
   No  2660 327 (12) 1.07 (0.91, 1.26) 1.02 (0.86, 1.20) 0.99 (0.84, 1.16) 0.97 (0.82, 1.15) 
Hot water supply in childhood home       
   Yes 2587 279 (11) 1.00       1.00             1.00                    1.00 
   No  2571 316 (12) 1.05 (0.90, 1.24) 1.00 (0.85, 1.18) 0.98 (0.83, 1.16) 0.97 (0.82, 1.15) 

Family access to car in childhood       
   Yes  839 70 (8) 1.00       1.00              1.00                    1.00 
   No 4326 525 (12) 1.44 (1.12, 1.85) 1.37 (1.06, 1.77) 1.34 (1.04, 1.72) 1.34 (1.04, 1.72) 
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Table 7.4 CHD mortality according to childhood social class, adult social class and childhood household amenities in men aged 52-73 years 

followed-up from 1992 till 2004 
 CHD deaths 

 
Adjusted for age Adjusted for age and 

adult social class 
Adjusted for age and adult 
behavioural risk factors* 

Adjusted for age, adult behavioural risk 
factors* and adult social class 

      
Childhood social class n (%) HR (95%CI) 

 
HR (95%CI) 

 
HR (95%CI) 

 
HR (95%CI) 

 
   I 16 (8)         1.00         1.00               1.00                       1.00 
   II 53 (7) 0.79 (0.45, 1.38) 0.72 (0.41, 1.26) 0.70 (0.40, 1.24) 0.68 (0.38, 1.20) 
   III non-manual 34 (6) 0.74 (0.41, 1.35) 0.67 (0.37, 1.23) 0.64 (0.35, 1.17) 0.62 (0.34, 1.32) 
  III manual 172 (9) 1.04 (0.62, 1.73) 0.86 (0.51, 1.46) 0.84 (0.50, 1.41) 0.78 (0.47, 1.32) 
   IV 64 (8) 0.95 (0.55, 1.65) 0.75 (0.43, 1.32) 0.72 (0.41, 1.25) 0.66 (0.37, 1.17) 
   V 53 (8) 0.98 (0.56, 1.71) 0.77 (0.43, 1.37) 0.75 (0.42, 1.32) 0.68 (0.38, 1.23) 
p for trend          0.24         0.99               0.94                       0.63 

   Non-manual 95 (7)         1.00         1.00               1.00                       1.00 
   Manual 312 (8) 1.29 (1.03, 1.63) 1.15 (0.90, 1.47) 1.14 (0.90, 1.44) 1.09 (0.86, 1.40) 

Adult social class      
   Non-manual 152 (7)         1.00         1.00               1.00                       1.00 
   Manual 
 

245 (9) 1.46 (1.19, 1.79) 1.43 (1.15, 1.78) † 1.23 (0.99, 1.52) 1.22 (0.97, 1.53) † 

Bathroom in childhood home      
   Yes 170 (7)         1.00         1.00               1.00                       1.00 
   No 
 

236 (9) 1.15 (0.94, 1.40) 1.06 (0.86, 1.30) 1.05 (0.86, 1.29) 1.02 (0.83, 1.25) 

Hot water supply in childhood home      
   Yes 179 (7)         1.00         1.00               1.00                       1.00 
   No 227 (9) 1.10 (0.91, 1.35) 1.02 (0.84, 1.25) 1.03 (0.85, 1.26) 1.00 (0.82, 1.23) 

Family access to car in childhood      
   Yes 41 (5)         1.00         1.00               1.00                       1.00 
   No 336 (8) 1.68 (1.22, 2.33) 1.54 (1.11, 2.14) 1.55 (1.12, 2.15) 1.51 (1.09, 2.11) 
      

 
*Adult behavioural risk factors included smoking, alcohol consumption, physical activity and body mass index;   HR=hazard ratio; CI=confidence intervals 
† Adjusted for childhood social class  
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Table 7.5 CHD incidence according to childhood and adult social classes in men aged 52-73 years followed-up from 1992 till 2004 

 
Groups according to childhood and 

adult social class 

CHD incidence 

Rate per 1000 person years 

Age-adjusted Adjusted for age and adult behavioural 

risk factors* 

Group Childhood Adult n    
       

     HR (95%CI) HR (95%CI) 
 

1 
 

Non-manual 
 

Non-manual 
 

 
989 

 
8.5 

 
     1.00 

 
                       1.00 

2 Non-manual Manual 
 

406 10.9 1.25 (0.87, 1.79) 1.11 (0.77, 1.59) 

3 Manual Non-manual 
 

1299 11.3 1.33 (1.02, 1.73) 1.27 (0.98, 1.66) 

4 
 

Manual Manual 2351 12.8 1.51 (1.19, 1.91) 1.25 (0.98, 1.61) 

 
            *Adult behavioural risk factors included smoking, alcohol consumption, physical activity and body mass index 
             HR=hazard ratio; CI=confidence interval 
[Permission to publish Table 7.5 has been obtained from the International Journal of Epidemiology] 
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Table 7.6 CHD mortality according to childhood and adult social classes in men aged 52-73 years followed-up from 1992 till 2004 

 
Groups according to childhood and 

adult social class 

CHD mortality 

Rate per 1000 person years 

Age-adjusted Adjusted for age and adult behavioural 

risk factors* 

Group Childhood Adult    
      

    HR (95%CI) HR (95%CI) 
 

1 
 

Non-manual 
 

Non-manual 
 

5.3 
    
   1.00 

                      
                      1.00 

2 Non-manual Manual 8.6 1.62 (1.07, 2.47) 1.48 (0.97, 2.27) 

3 Manual Non-manual 7.0 1.30 (0.93, 1.80) 1.27 (0.91, 1.77) 

4 Manual Manual 8.8 1.72 (1.28, 2.30) 1.41 (1.04, 1.93) 

 
            *Adult behavioural risk factors included smoking, alcohol consumption, physical activity and body mass index 
             HR=hazard ratio; CI=confidence interval 
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Table 7.7 Adult behavioural risk factors according to childhood and adult social classes in men aged 52-73 years followed-up from 1992 till 

2004 

Groups according to childhood and 
adult social class Current smokers Heavy drinking Physically inactive Obese (BMI≥30 kg/m2) 

Group Childhood Adult n (%) n (%) n (%) n (%) 

1 Non-manual Non-manual 122 (12) 46 (5) 281 (28) 72 (7) 

2 Non-manual Manual 65 (16) 13 (3) 131 (32) 38 (9) 

3 Manual Non-manual 172 (13) 44 (3) 380 (29) 112 (9) 

4 Manual Manual 577 (25) 98 (4) 801 (34) 311 (13) 

 

             n=number of subjects (% of all those in that group) 
[Permission to publish Table 7.7 has been obtained from the International Journal of Epidemiology] 
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Chapter 8 

Socioeconomic inequalities in disability among older 

men with coronary heart disease 

8.1 Summary 

Coronary heart disease (CHD) is an important contributor to disability, which has 

considerable public health implications in older people. However, the extent of 

socioeconomic inequalities in disability in people with CHD, particularly in older 

subjects, has not been well studied. This Chapter examines the extent of socioeconomic 

inequalities in disability and functional limitations in a socially representative sample of 

men aged 63-82 years in 2003 from 24 British towns. Disability, measured as problems 

with activities of daily living (ADLs) and instrumental activities of daily living 

(IADLs), and functional limitations were ascertained from questionnaires. Men with 

CHD had twice the prevalence of disability of those without CHD. Among men with 

CHD, lower social classes had higher risks of disability and functional limitation 

compared with higher social classes; odds ratios (95% CI) for social classes IV & V 

compared with I & II were 1.73 (1.00, 2.99) for ADL disability, 1.55 (0.88, 2.71) for 

IADL disability, and 2.33 (1.41, 3.84) for functional limitation. Behavioural risk factors 

(cigarette smoking, BMI, physical activity) attenuated these differences; the odds ratios 

(95%CI) in social classes IV & V reduced to 1.31 (0.67, 2.54) for ADL disability, 1.07 

(0.54, 2.10) for IADL disability and 2.00 (1.08, 3.71) for functional limitations. Strong 

socioeconomic inequalities in disability were present amongst the elderly with CHD, 

which were considerably explained by behavioural factors. 
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8.2 Introduction  

Disability is an important health outcome associated with coronary heart disease (CHD) 

in older populations.379  Disability has been defined as limitation or loss of the ability to 

perform social roles and activities in relation to family, work or independent 

living.380;381 Disability can originate from a pathology (disease) causing impairment 

(physiological or emotional), which in turn results in functional limitation, and finally in 

disability (limitation in carrying out social roles and activities).382  The risk of disability 

increases with age and is a significant determinant of quality of life in the elderly.60;383 

Disability-free life expectancy is increasingly being used as a marker of population 

health in addition to life expectancy.384;385 With increasing life expectancy, improving 

the quality of life is an important dimension of improving the health of the elderly 

population. The prevalence of disability has been observed to be 20-40% in people with 

CHD, which increases to 50-70% in older age (>75 years).63;64;386 CHD, which is an 

important contributor to disability in older populations,60;387;388 also shows strong 

socioeconomic gradients as presented in previous Chapters. Therefore, older people 

with CHD from lower socioeconomic positions might also have higher levels of 

disability than those in higher socioeconomic positions. Although previous studies have 

reported socioeconomic inequalities in disability and functional mobility or 

limitations,273;276;277;389-392 the focus has largely been on functional mobility/limitations. 

While functional limitation and disability are related, they are not identical. Disability is 

an expression of functional limitation in a social context; functional limitations refer to 

problems in carrying out a task, whereas disability is difficulty in performing social 

roles.381;393 Furthermore, little is known about the extent of socioeconomic differences 

in disability amongst older populations with CHD. The aim of this Chapter is to 

describe the extent of socioeconomic inequalities in disability in elderly men with CHD 
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in Britain and their independence of health behaviours. Behavioural risk factors 

including smoking and physical activity, which vary by socioeconomic position, also 

have an important influence on disability.180;394;395 Therefore, the extent to which 

socioeconomic inequalities in disability in those with CHD, were independent of 

behavioural factors was also investigated. Data from the British Regional Heart Study 

were used, specifically focusing on the questionnaire survey at which disability was 

assessed at age 63-82 years. Measures of disability in the form of problems in 

performing basic activities of daily living (ADLs) (such as eating and dressing) and 

problems in coping with instrumental activities of daily living (IADLs) (like shopping 

and managing money),381;396;397 were used.  These markers of disability not only form 

the core constructs of disability, but are also indicative of the quality of life in the 

elderly. In addition to disability, functional limitation, which is an important predictor 

of disability, was also measured.398   

 

8.3 Objectives 

The objectives of this Chapter are:  

i) To examine the extent of socioeconomic inequalities in ADL disability, IADL 

disability and functional limitations in older British men aged 63-82 years with CHD. 

ii) To investigate the impact of behavioural factors (cigarette smoking, physical activity, 

and body mass index) on the relationship between socioeconomic position and disability 

in older British men aged 63-82 years with CHD.  
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8.4 Methods 

In 2003, when the men of the British Regional Heart Study were aged 63-82 years, 

information on disability and behavioural risk factors was sought through postal 

questionnaires, supplementing existing information on occupational social class 

(collected at baseline). Subjects reporting doctor-diagnosed heart attack or angina were 

classified as having CHD (the results were similar if the analyses were restricted to 

those only reporting heart attack). The longest-held occupation of each man, recorded at 

study entry when aged 40-59 years, was categorised using the Registrar Generals’ 

Social Class Classification (I, II, III non-manual, III manual, IV and V). As in previous 

Chapters, occupational social class was used as the measure of adult socioeconomic 

position.  

8.4.1 Assessment of disability  

Disability was ascertained from responses to items in the 2003 postal questionnaire 

relating to problems in performing activities of daily living (ADLs) and instrumental 

activities of daily living (IADLs).60;381;396;397 ADLs included performing the following 

activities unaided – walking across a room, getting in or out of bed, getting in and out of 

a chair, dressing and undressing, bathing or showering, feeding including cutting food, 

and getting to and using the toilet. IADLs included performing the following activities 

unaided – shopping for personal items such as toilet items or medicines, doing light 

housework such as washing up, preparing meals, using the telephone, taking 

medications, managing money (e.g. paying bills, etc), and using public transport. 

Reporting of some difficulty or inability/needing help to do one or more of the items 

was taken a having problem with ADLs or IADLs.  
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Functional limitation was ascertained through questions enquiring about the ability to 

walk without stopping or discomfort, to walk up and down stairs, and to bend and stand 

up. One or more of the following responses was taken as having a functional limitation 

– walking more than a few steps but less than 200 meters or only a few steps without 

stopping and without discomfort; unable to walk up and down a flight of 12 stairs 

without resting or only by holding and taking a rest; and unable to bend down when 

standing to pick up a shoe from the floor.  

8.4.2 Behavioural factors 

As described in sections 3.7.3 to 3.7.5 (page 82-83) detailed questions were asked in the 

2003 questionnaire on smoking habits, physical activity and body weight. Subjects were 

asked to report their pattern of physical activity such as walking, cycling and other 

sporting activities. Physical activity scores were assigned on the basis of frequency and 

type of activity and the men were divided into six groups: none, occasional, light, 

moderate, moderately-vigorous and vigorous.162 Scores of none and occasional were 

used to classify physically inactive subjects. Body mass index (BMI) was calculated as 

body weight/(height)2 in kg/m2. Obesity was defined as BMI of ≥30 kg/m2.  

8.4.3 Rationale for analyses 

The relationship between social class and disability and functional limitations in those 

with CHD was examined. Adverse behavioural risk factors including cigarette smoking, 

greater physical inactivity and obesity can increase the risk of developing functional 

limitations and disability in older age.399;400 These risk factors are also known to be 

associated with lower socioeconomic groups.85;97;180 Therefore, the influence of 

behavioural risk factors on the relationship between social class and disability and 

functional limitations in those with CHD was also assessed. In this Chapter, which 
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focuses on subjects with CHD, social classes I and II were combined, as were social 

classes IV and V, due to the small numbers of subjects in these groups.  

8.4.4 Statistical methods 

The prevalences of ADL disability, IADL disability and functional limitation were 

calculated in men with CHD and according to behavioural risk factors – current 

cigarette smoking, obesity and physical inactivity. Multiple logistic regression was used 

to assess the relation between social class and disability (problems with ADLs and 

IADLs) and functional limitation. Social classes I and II were treated as the reference 

category. Comparisons between non-manual and manual groups were also made. Non-

manual groups included social classes I, II, III non-manual, and manual groups 

comprised social classes III manual, IV and V.  After adjustment for age, behavioural 

risk factors (cigarette smoking, physical activity and BMI) were included in the models. 

For the adjustment, age and BMI were fitted as continuous variables; social class (three 

levels), cigarette smoking (six levels) and physical activity (five levels) were fitted as 

categorical variables.  

 

8.5 Results 

3981 men aged 63-82 years responded to the questionnaire in 2003 (80% response rate). 

793 men (23%) reported having a doctor-diagnosis of CHD. Figure 8.1 shows the 

prevalences of ADL and IADL disability and functional limitations in men with and 

without CHD. Among men with CHD, the prevalence of ADL was 24%, of IADL 23%, 

and functional limitations 32%. These prevalences were nearly half in those without 

CHD (ADL 12%, IADL 11% and functional limitations 15%). 
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The presence of disability and functional limitations according to adverse behavioural 

factors among men with CHD is presented in Table 8.1. Current smokers had a greater 

prevalence of disability (ADL and IADL) and functional limitations compared to non-

smokers. The prevalences of disability and functional limitations were greater in men 

who were obese compared with men who were not obese. The proportions of disability 

and functional limitations were also much greater in men who were physically inactive 

than in those who were physically active. 

 

Table 8.2 shows the prevalences and odds ratios for ADL and IADL disability and 

functional limitations according to social class in men with CHD. There were 

approximately graded relations of social class with disability and functional limitations. 

Men in manual social class groups had a much greater risk of disability and functional 

limitations compared with non-manual groups. The age-adjusted odds ratio for ADL 

disability for social classes IV & V was 1.73 (95%CI 1.00, 2.99) compared with social 

classes I & II. This increased relative risk was weakened to 1.31 (95%CI 0.67, 2.54) 

after adjustment for behavioural risk factors (cigarette smoking, physical activity and 

BMI). Similarly, the association of social class with IADL disability was weakened on 

adjustment for behavioural factors; age-adjusted odds ratio for social class IV & V was 

1.55 (95%CI 0.88, 2.71), which reduced to 1.07 (95%CI 0.54, 2.10) on further 

adjustment for behavioural factors. The association of social class with functional 

limitations was also reduced when behavioural factors were taken into account; odds 

ratio for social class IV & V reduced from 2.33 (95%CI 1.41, 3.84) to 2.00 (95%CI 

1.08, 3.71).  
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8.6 Discussion  

In the present study, a considerable proportion of older men with CHD had disability 

and functional imitations. Amongst older men with CHD, strong social class differences 

were apparent both in disability and functional limitations; men from lower social class 

groups had almost a two-fold greater risk of having disability and more than a two-fold 

greater risk of functional limitations compared with non-manual social classes. These 

socioeconomic disparities were considerably explained by behavioural factors (cigarette 

smoking, physical activity and BMI).  

8.6.1 Strengths and limitations of findings  

The results highlight strong socioeconomic inequalities in disability in a socially and 

geographically representative sample of older British men with CHD. The 

generalisability of the findings to women, younger men and other Western populations 

is, however, limited. Since the study comprised mostly white European men, the 

applicability of the findings to other ethnic groups is uncertain. While CHD is known to 

be a major contributor to disability in older age, it is also possible that disability through 

increasing physical inactivity and obesity can increase CHD risk. However, since the 

results are based on cross-sectional data it is not possible to establish the extent to which 

disability was a consequence of CHD. It is also possible that physical inactivity was a 

result of disability, and therefore, taking physical activity into account in the association 

between social class and disability could be viewed as an over-adjustment. However, 

excluding physical activity from the model and limiting the adjustment to cigarette 

smoking and BMI did not markedly change the overall results reported. Presence of 

CHD was based on self-report of doctor-diagnosis. Although there may be potential for 

reporting bias, patient-recall was found to be a valid measure of CHD in the study 

participants;401 if anything the subjects were likely to over-report heart disease. It can be 
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argued that objective measures of physical functioning are more accurate than self-

reported disability. However, self-report of disability is an important evaluation tool for 

the health of older populations,60 and ADL and IADL assessments are widely used 

measures of disability.60;273;402;403  Self-reported disability, using ADL and IADL 

measures, has been found to be reliable and valid, although it may not be consistent 

over an extended time due to change in disease status or use of interventions.404  

Objective measures may be better at capturing functional impairments or limitations but 

may not reflect the extent of disability, which is a manifestation of functional 

limitations in a social context.381 In this analysis, functional limitation was also 

examined, since it is a key precursor of disability.405 The measure of socioeconomic 

position in this Chapter was social class based on the longest-held occupation of the 

subjects at entry to the study. Social class measures based on occupation can be 

problematic in the elderly in post-retirement age, as discussed in Chapter 6. However, 

social class (based on the longest-held occupation assessed in middle-age when the men 

were 40-59 years) can provide a stable marker of socioeconomic conditions over most 

of adult life.  

8.6.2 Comparison with other studies 

The results presented in this Chapter are consistent with those of previous studies which 

have shown that lower socioeconomic position is associated with greater levels of 

disability.273;276-278;389;392;406;407 However, only two of these studies focused on 

socioeconomic differences in physical functioning in those with CHD.278;392 In the 

Whitehall II Study of London-based civil servants, functional limitations among those 

with CHD were found to be greater in lower compared with higher employment grades 

and this difference persisted over a 12-year period.278 A Dutch study also showed that 

among those with heart disease, lower socioeconomic groups had about a two-fold 



Chapter 8 Socioeconomic inequalities in disability in older men with CHD 

 

226
 

greater risk of decline in mobility in comparison with those of higher socioeconomic 

groups.392 While previous studies have mostly used functional limitations or mobility 

problems, in this Chapter the extent of inequalities in disability measured as problems 

with performing ADLs and IADLs was also explored. In the results of this Chapter, 

behavioural risk factors were observed to contribute to the socioeconomic inequalities 

in disability. Men with adverse behavioural risk factors, including cigarette smoking, 

physical inactivity and obesity had higher levels of functional limitation and disability, 

although given the cross-sectional nature of the data it is possible that physical 

inactivity and obesity are consequences of disability rather than causes of it. However, 

these behavioural risk factors have previously been shown to be strong predictors of 

developing mobility problems and disability in later life.408;409   

8.6.3 Interpretation of findings 

In the present study, older British men aged 63-82 years with CHD from lower 

socioeconomic positions had a greater risk of functional limitations and ADL and IADL 

disability compared to those in higher socioeconomic groups. Behavioural risk factors 

such as cigarette smoking, physical inactivity and obesity were observed to account for 

a large proportion, but not all of these socioeconomic differences. Apart from 

socioeconomic differences in behavioural factors, other pathways could be linking 

socioeconomic position and disability. People from lower socioeconomic groups have 

poorer access to services or resources, rehabilitation, and worse living conditions.410-412 

All of these can contribute to increased chances of developing disability, or can retard 

the process of recovering from or coping with functional decline or disability.381;412 

These resources are important in minimising the impact of disability, and in promoting 

recovery. In this analysis, however, due to limitations in the data, it was not possible to 
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control for or take into account the availability of coping mechanisms (or the lack of 

them) on inequalities in disability. 

8.6.4 Conclusions 

Socioeconomic inequalities in disability exist in older men with CHD. The findings of 

this Chapter show that among older British men with CHD, lower compared to higher 

socioeconomic groups had about a two-fold greater risk of disability. These 

socioeconomic inequalities were to a large extent explained by behavioural risk factors. 

Just as disability reflects the overall impact of diseases such as CHD in older people,60 

these socioeconomic inequalities in disability in the elderly can be indicative of the 

overall extent of health inequalities in later life from CHD.  
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Figure 8.1 Prevalence (%) of disability and functional limitations in men with and 

without CHD aged 63-82 years in 2003 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

24

32

23

15

11
13

0

5

10

15

20

25

30

35

ADL disability IADL disability Functional limitations

Pr
ev

al
en

ce
 (%

)

With CHD

Without CHD



Chapter 8 Socioeconomic inequalities in disability in older men with CHD 

 

229
 

 

Table 8.1 Prevalence of disability and functional limitations according to 

behavioural risk factors in men with doctor-diagnosed CHD aged 63-82 years in 

2003 

 
Behavioural risk factors  ADL disability IADL disability Functional limitations 

 n n (%) n (%) n (%) 

Cigarette smoking 

   Current smokers  

   Non-smokers  

 

65 

711 

 

23 (36) 

165 (23) 

 

23 (36) 

158 (22) 

 

32 (49) 

217 (31) 

Obesity 

   Obese  

   Non-obese 

 

203 

573 

 

72 (35) 

116 (20) 

 

66 (33) 

115 (20) 

 

86 (43) 

163 (28) 

Physically activity 

   Inactive  

   Active 

 

382 

394 

 

151 (40) 

37 (9) 

 

154 (40) 

27 (7) 

 

193 (51) 

56 (14) 

 
n (%)=number of subjects (% of all those in that group) 
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Table 8.2 Disability and functional limitations according to social class in men with CHD aged 63-82 years in 2003 

 
                                                                           Social class 

  I & II III NM III M IV & V Non-manual Manual 

 n (%) 47 (17) 24 (26) 91 (30) 26 (26) 71 (19) 117 (29) 

Odds ratio* 1.00 1.78 (1.01, 3.13) 2.15 (1.44, 3.21) 1.73 (1.00, 2.99) 1.00 1.74 (1.24, 2.43) ADL 
disability 

Adjusted odds ratio† 1.00 2.20 (1.12, 4.32) 1.96 (1.21, 3.17) 1.31 (0.67, 2.54) 1.00 1.44 (0.95, 2.18) 

n (%) 49 (18) 18 (20) 90 (30) 24 (24) 67 (18) 114 (28) 

Odds ratio* 1.00 1.23 (0.67, 2.26) 2.11 (1.41, 3.15) 1.55 (0.88, 2.71) 1.00 1.86 (1.31, 2.63) 
IADL 
disability 

Adjusted odds ratio† 1.00 1.15 (0.56, 2.34) 1.92 (1.18, 3.10) 1.07 (0.54, 2.10) 1.00 1.61 (1.06, 2.45) 

 n (%) 58 (21) 26 (28) 127 (42) 38 (37) 84 (23) 165 (41) 

Odds ratio* 1.00 1.56 (0.90, 2.68) 2.86 (1.97, 4.16) 2.33 (1.41, 3.84) 1.00 2.41 (1.76, 3.32) 
Functional 
limitations 

Adjusted odds ratio† 1.00 1.80 (0.92, 3.51) 2.86 (1.80, 4.54) 2.00 (1.08, 3.71) 1.00 2.25 (1.51, 3.34) 
 
*Age-adjusted odds ratio 
† Odds ratio adjusted for age and behavioural factors including cigarette smoking, physical activity and BMI 
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9 Chapter: Implications and conclusions 
 
Chapter 9 

Implications and conclusions 

9.1 Summary 

The implications of the findings of this thesis for public health and for epidemiological 

studies are reviewed in this Chapter. Findings from analyses conducted for this thesis 

demonstrate the extent of socioeconomic inequalities in coronary heart disease (CHD) in 

older age and the possible pathways to these inequalities. The particular findings of 

potential public health significance are: i) that further efforts are needed to reduce 

socioeconomic inequalities in CHD, which have not narrowed in Britain between the 1980s 

and the early part of the twenty-first century; ii) that socioeconomic inequalities in CHD, 

which persist in older age, need to be targeted; iii) that focusing on reducing socioeconomic 

differences in behavioural coronary risk factors (cigarette smoking, physical activity and 

obesity) will substantially reduce (probably by about a third) socioeconomic inequalities in 

CHD in older age; iv) that improving early life socioeconomic conditions is likely to have 

some modest effects on reducing CHD risk in older age; vi) that socioeconomic inequalities 

in disability in older populations with CHD needs to be reduced; and v) that reducing 

socioeconomic inequalities in behavioural risk factors can partially reduce theses 

inequalities in disability in the elderly with CHD. The results have implications for future 

epidemiological studies, which include (1) the need to include older populations when 

investigating socioeconomic inequalities in CHD, and (2) to explore other pathways to 

these inequalities including early life exposures, social integration and psychosocial
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 conditions. A key general implication of this thesis is the need for understanding and 

reducing socioeconomic inequalities in CHD in older age.  

 

9.2 Introduction 

Previous Chapters have investigated the extent of socioeconomic inequalities in CHD in 

older men from 24 towns across Britain and possible pathways to these inequalities. 

Between the early 1980s and 2005, relative socioeconomic inequalities in CHD did not 

narrow. Relative inequalities narrowed as the men moved from middle to older age, 

although absolute inequalities increased with age. Nevertheless, a social class gradient in 

CHD persisted in older age and behavioural coronary risk factors contributed to at least a 

third of this gradient. Novel coronary risk factors (inflammatory/haemostatic markers) 

made some further contribution. Lower early life socioeconomic position was associated 

with increased CHD risk in older age. Marked socioeconomic inequalities in disability were 

also present in the elderly with CHD. In this Chapter the implications of these findings are 

discussed in more detail. Section 9.3 considers the potential public health implications of 

the results, and section 9.4 examines the implications for future epidemiological studies.    

 

9.3 Public health implications of findings 

9.3.1 Trends in socioeconomic inequalities in CHD 

Monitoring trends in health inequalities makes it possible to detect whether disparities have 

reduced or increased over time. Reducing the gap in health inequalities has been a high 

priority of the Department of Health.413 Documenting trends in socioeconomic differences 
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in CHD has important implications for evaluating policies and informing decision-making 

for future policies to reduce health inequalities. The results of Chapter 4 showed that lower 

compared with higher social class groups in Britain continued to have a greater risk of 

CHD mortality throughout the period between the early 1980s to 2005, and these relative 

social class differences tended to have widened during this time. However, with the decline 

of overall CHD mortality rates during this period, the absolute difference in CHD mortality 

between social classes narrowed in Britain. The results suggest that policies in place during 

the 1980-2005 period have not led to a reduction in relative inequalities in CHD mortality. 

Although declining death rates have mitigated the consequences of this inequality, marked 

inequalities in absolute terms continued to persist. Relative socioeconomic inequalities 

express the strength of the association between social class and CHD mortality risk.414;415 

Absolute socioeconomic differences depict the magnitude of the inequality in CHD 

mortality, reflecting its public health importance.414;415 Both these measures are important 

when monitoring inequalities over time as they indicate different, yet important, aspects of 

inequalities; absolute inequalities may change depending on the overall change in the 

mortality/disease patterns, while relative inequalities reflect the strength of the effect of 

socioeconomic position.414 Chapter 4 also showed that with increasing age, relative social 

class inequalities in CHD had reduced from middle-age to older ages. The absolute social 

class difference in CHD, however, widened as the men became older, reflecting the higher 

disease mortality occurring at greater age. Socioeconomic inequalities in CHD are, 

therefore, likely to be a public health problem even in later life. 

 

If reductions in relative inequalities in CHD are to be achieved, greater efforts are needed to 

devise and implement effective policies for inequality reduction. While the possible factors 
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contributing to the observed trends in socioeconomic inequalities in CHD were not 

examined in the thesis, the actions required are likely to include both general measures to 

reduce income inequality and improve living standards of poorer households,34 as well as 

more specific measures to reduce cigarette smoking prevalence, and improve physical 

activity and nutritional intakes among lower-income groups, by a combination of national 

and local action.35 For example, policies and strategies at regional and local levels can plan 

the maintenance and development of towns and transport services to improve the physical 

environment,416 while local services can encourage individually-focused interventions to 

promote physical activity such as exercise-referral schemes.417 Ensuring equitable provision 

of health services, particularly preventive services, will also be important.34 A recent 

National Institute of Health and Clinical Excellence (NICE) guidance focuses on reducing 

premature cardiovascular deaths in those who are disadvantaged including low-income 

families, those on benefits, people living in social housing or the homeless.418 The guidance 

recommends identifying disadvantaged groups through primary care and community 

services to ensure provision of smoking cessation services and statin therapy, both of which 

are effective and cost effective interventions to reduce coronary risk. These actions need to 

be set in a broader policy framework ensuring that all government policies are monitored 

for their impact on inequality.34;419 Monitoring the impact of policies on key risk factors as 

well as establishing targets for reducing inequalities in CHD will provide an important 

evidence base for the development and implementation of further policies and 

interventions. Several such issues have been highlighted in Department of Health 

publications such as Tackling Health Inequalities,20 and more recently in Choosing 

Health.420 The policy document on health inequalities published by the Department of 

Health in 2008 outlines measures to achieve the Public Service Agreement target of 
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reducing inequalities in life expectancy by 10% by 2010, and to support improvements 

beyond 2010.421 The report emphasises three domains where interventions will have the 

greatest impact on health inequalities: influences on health (the environment and wider 

social factors), the lives people lead (promoting healthy behaviours), and the services 

people use (ensuring equitable treatment and prevention). Suggestions for improvements in 

the wider influences on health included continued improvement in employment levels and 

education particularly for those in disadvantaged backgrounds, and encouragement of 

private sector employers to improve the health and well-being of their staff and their 

communities. Advice, support, preventive medication and appropriate treatment to reduce 

mortality and morbidity from CHD have also been outlined. However, the possibility of 

these initiatives increasing inequalities also needs to be addressed since those from higher 

socioeconomic groups or more motivated people may take more advantage from these 

initiatives than those at higher risk of disease. While these steps outlined in the Department 

of Health report421 are based on evidence from local data of effectiveness and on evidence 

showing the relationship between socioeconomic conditions and health, more evidence is 

needed to support and evaluate effective policies. For example, the impact of policies such 

as the National Support Teams for Health Inequalities set up to support local areas to 

reduce health inequalities, need to be constantly evaluated to assess their effectiveness in 

reducing inequalities in disease such as CHD.421 The use of health equity audits at local 

levels is an important step in monitoring patterns in provision of resources or services in 

relation to health needs of different groups.113;422 More rigorous and determined steps need 

to be taken in implementing these reforms and policies if narrowing of socioeconomic 

inequalities is to be achieved.  
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9.3.2 Reducing socioeconomic inequalities in CHD in older age 

Strong socioeconomic inequalities in CHD risk persisted in older age, as observed in 

Chapter 6. These inequalities were present in relation to occupational social class as well as 

other indicators of socioeconomic position including house and car ownership. 

Occupational social class differences appeared to have the strongest relationship with CHD; 

lower social classes had a greater CHD risk than higher social class groups. Given the 

increasing proportion of older people in the population and the greater CHD risk in the 

elderly, socioeconomic inequalities in CHD presents an important public health problem in 

the elderly. While the National Service Framework (NSF) for CHD highlighted reducing 

inequalities as a priority,423 the focus was on individuals aged <70 years. The NSF for 

Older People concentrated largely on removal of age-related inequalities in all diseases, 

with little focus on socioeconomic disparities in heart disease in older age.424  

9.3.2.1 Role of coronary risk factors 

Associations between socioeconomic position and different coronary risk factors were 

examined in the older men (aged 60-79 years) of the British Regional Heart Study in 

Chapter 5. As with middle-aged populations, behavioural risk factors including cigarette 

smoking, physical inactivity and obesity were more common in lower social class groups in 

older age. Of the novel coronary risk factors, higher circulating levels of 

inflammatory/haemostatic markers were observed in lower social classes. However, the 

social class gradient in circulating inflammatory and haemostatic markers was to a large 

extent mediated by the higher levels of adverse behavioural risk factors (obesity and 

particularly cigarette smoking) in lower social class groups. Focusing efforts on 

understanding and reducing adverse behavioural factors and levels of obesity, which 
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explained much of the social class variation in inflammatory/haemostatic markers, could 

therefore be particularly important in reducing socioeconomic inequalities in CHD.  

 

The findings of Chapter 6 suggest that behavioural factors (particularly cigarette smoking) 

and to some extent novel coronary risk factors, are important determinants of 

socioeconomic inequalities in CHD in older age. The substantial contribution of these risk 

factors to the absolute risk difference between social classes indicates that their public 

health impact in reducing CHD inequalities in older people is potentially important. Novel 

coronary risk factors such as inflammatory and haemostatic markers made some 

contributions to socioeconomic inequalities, but these were modest in addition to that of 

behavioural risk factors. Socioeconomic inequalities in CHD in older age could potentially 

be narrowed by at least a third through reduction in levels of behavioural risk factors 

including cigarette smoking, BMI and physical inactivity. Of the behavioural risk factors, 

cigarette smoking made a particularly important contribution (about 20%) to these 

inequalities. Since there are socioeconomic differences in smoking initiation and cessation, 

both these aspects need to be targeted to reduce inequalities in smoking and in turn to 

reduce inequalities in CHD in later life. Policy efforts have included smoking bans in 

public places, higher prices and taxation policies, and restriction on advertisement and 

marketing.425;426 Raising prices of cigarettes and tobacco products has been advocated as a 

useful way of reducing overall smoking levels as well as resulting in greater reductions of 

smoking in lower socioeconomic groups.426-429 However, it has been argued that increased 

tobacco taxation is likely to result in imposing further economic hardship in lower 

socioeconomic groups who have greater levels of addiction, and could also result in 

increased illegal import of cigarettes.430;431 Greater proportion of the tax revenue would be 



Chapter 9 Implications and conclusions 

 

238
 

 

required for smoking cessation support especially for lower socioeconomic groups, 

alongside an increase in tobacco taxation.431;432 Focusing on manual social class groups is 

one of the priorities outlined in the recent NHS Stop Smoking Services guidelines 

published by the Department of Health,433 since lower quit rates in manual social classes 

compared with higher socioeconomic groups have been observed.434;435 A narrowing of 

inequalities in smoking rates was reported from mid-1980s to the 1990s and continuing to 

2000 in Britain.436;437 These trends appear to be in the right direction to reduce inequalities 

in CHD.  

 

In addition to smoking, improving levels of physical activity and reducing levels of obesity, 

particularly in lower socioeconomic groups, are also likely to reduce socioeconomic 

inequalities in CHD in later life. Food labelling to promote healthy eating, and 

environments (work and residential) conducive to encouraging physical activity, are some 

interventions aimed at reducing obesity.421 Various interventions have been found to be 

effective in improving levels of physical activity and also in reducing body weight or 

adiposity.438 These include: i) informational approaches aimed at increasing awareness 

about the benefits of physical activity and participation in community-based activities; ii) 

social approaches to improve physical activity such as school/college-based health 

education programmes, or community-based social support groups; and iii) policy 

interventions to improve environmental opportunities, resources and facilities to increase 

physical activity.438 Improving physical activity even in older age has been found to be 

associated with a reduction in CHD risk.166 Although the evidence associating reduction in 

body weight (intentional weight loss) with decreased CHD risk is limited, weight reduction 

is associated with an improvement in coronary risk factors such as decrease in blood 
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pressure and LDL-cholesterol and increase in HDL-cholesterol levels.439-443 Moreover, 

weight reduction has also been shown to reduce insulin resistance and clustering of 

metabolic risk factors,444-447 which are associated with CHD risk. Individual-level 

interventions have shown modest sustained or long-term benefits for behavioural change, 

risk factor reduction, and reducing coronary risk.448-453 Therefore, greater priority for fiscal 

and legislative changes is likely to result in further improvements in risk factors.  

 

While targeting behavioural coronary risk factors is an important strategy to reduce 

socioeconomic inequalities in health outcomes such as CHD, ultimately reducing 

socioeconomic inequalities themselves must be addressed.115 Although the proportion of 

pensioners living in low-income households has decreased over the last decade in the UK, 

income inequalities are present in older populations (19% of pensioners lived in low-

income households in 2006/2007).454;455 The wider social, cultural, political and material 

societal context along with disadvantaged socioeconomic conditions across the life course 

are known to be important in the origin of adverse health behaviours.261;262;456 Higher 

socioeconomic groups have advantages in power, prestige and knowledge which enable 

them to avoid health hazards and adopt health-protective behaviours.115 Therefore, these 

factors underlying the more proximal causes (coronary risk factors) of CHD also need to be 

tackled. Assessing the social context to identify and remove social, financial and 

environmental barriers to better health, including poverty, employment and education is 

one of the recommendations in the NICE guidance on behaviour change in disadvantaged 

groups.457 Consequently, different sectors of public policy (including housing, transport and 

education) would play a crucial role in improving wider societal determinants to modify 

behavioural factors particularly in socioeconomically disadvantaged groups.  
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9.3.3 Impact of early life socioeconomic position on CHD risk in later life 

The results from Chapter 7 show that the effect of lower childhood socioeconomic position 

on CHD risk persists even into older age. The influence of childhood social class on CHD, 

however, was not independent of behavioural risk factors (smoking, physical inactivity and 

BMI). Lack of family car ownership during subjects’ childhood (a marker of lower 

socioeconomic position) was associated with a greater CHD risk even though the effect was 

diminished by adjustment for behavioural factors. Family car ownership was possibly a 

stronger discriminator of material wealth or affluence than childhood social class based on 

father’s occupation. Men of manual childhood social class tended to have higher levels of 

cigarette smoking, physical inactivity and obesity in older age compared with those from 

non-manual childhood social classes. Combined exposure to manual socioeconomic 

position in both childhood and adulthood was associated with the most unfavourable adult 

lifestyle. Lower socioeconomic position (manual social class) in both childhood and 

adulthood was also associated with highest CHD risk in older age, although adult 

behavioural risk factors accounted for a lot of this increased CHD risk. Whether 

behavioural risk factors were mediators or confounders of the childhood socioeconomic 

position-CHD relation was not established in the results, although the former is a 

possibility. Nevertheless, behavioural risk factors, which can have their origins in 

childhood and adulthood, played an important role in developing risk of CHD in later life. 

As mentioned in the previous section (9.3.1), policies to reduce initiation of adverse health 

behaviours such as cigarette smoking and physical inactivity are important. However, these 

interventions need to be started early in life since health behaviours, such as smoking, 

adopted at an early age tend to extend into adulthood.458;459 School-based interventions, 
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mass media campaigns, and restrictions in advertising are known to reduce initiation of 

smoking in adolescents.460-462 Increasing rates of obesity and lower levels of physical 

activity in children particularly in those from poorer socioeconomic backgrounds in 

Britain,463;464 are likely to have an impact on the burden of CHD in later life. Recognition 

of the importance of early life socioeconomic conditions on health has led to the inclusion 

of a focus on early years and parenting in a recent Department of Health report on health 

inequalities.421 Although childhood obesity was highlighted as one of the priority areas, 

there was little focus on improving physical activity in children and reducing the likelihood 

of taking up smoking in the report.421 Specific interventions or policies are needed to 

improve early life socioeconomic conditions and health behaviours, which influence their 

association with CHD in later life. In addition to short-term gains from investing in 

socioeconomic conditions in early life such as better health of children, long-term gains can 

also be achieved in adult life with respect to improved adult health behaviours, and lower 

levels of CHD in older age, as observed in Chapter 7. Thus, as regards to public health 

policy, a dual approach aiming both to improve childhood socioeconomic conditions as 

well as to target socioeconomic disparities in behavioural risk factors in adult life will help 

reduce the burden of CHD in older people.  

9.3.4 Socioeconomic inequalities in disability in the elderly with CHD 

The findings of Chapter 8 show marked socioeconomic inequalities in disability in older 

men with CHD. CHD is an important contributor to disability in older age.61;64 Therefore, 

among older populations with CHD, inequalities in disability could highlight 

socioeconomic inequalities in functional performance, fulfilling social roles, independent 

living in the elderly and ultimately in the quality of life, associated with CHD in the elderly. 
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In the British Regional Heart Study, older men with CHD had about twice the prevalence of 

disability compared with men without CHD. Furthermore, within men with CHD, lower 

compared with higher socioeconomic groups had a greater risk of disability. Disability was 

measured as difficulty in performing activities of daily living (ADL) and instrumental 

activities of daily living (IADL). Activities of daily living included tasks such as eating, 

bathing, dressing, and instrumental activities of daily living included shopping, preparing 

meals, taking medications. These measures, therefore, capture essential elements of 

disability, which has been defined as the limitation or loss of the ability to perform social 

roles and activities in relation to family, work or independent living.465;466 A large 

proportion of the increased risk of ADL and IADL disability in manual social groups with 

CHD was accounted for by behavioural risk factors such as smoking, physical inactivity 

and BMI, which are known risk factors for disability.  

 

An understanding of pathways underlying disability or the ‘disablement process’381 will 

inform health policy-makers in ways to reduce the burden of disability and inequalities in 

disability in those with CHD. First, continued efforts to reduce levels of behavioural risk 

factors such as smoking, physical inactivity and obesity in the elderly are needed. Although 

these may be regarded as ‘individual’ risk factors, they are influenced by the 

socioeconomic context,261;467 and therefore policy plays a vital role in reducing these 

factors in the population. Improving these behavioural risk factors across all age groups 

would be likely to prevent disability as well as specific diseases and would reduce 

inequalities in disability in later life. Changes in lifestyle even later in life has been shown 

in the British Regional Heart Study to have the potential to not only reduce the onset of 

mobility limitations but also to improve recovery from disability in the elderly.468  Smoking 
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cessation and uptake of physical activity can reduce the onset of mobility limitations in 

older age, and improvements in physical activity in the form of walking or gardening can 

improve the likelihood of recovery from mobility problems.469 Second, provision of 

adequate rehabilitation, interventions and care would be needed to cope with functional 

decline in old age. The ability to perform tasks for independent living and functioning in 

old age is not only dependent on the functional ability of older people but also on the 

facilities available in the physical or environmental context in which they live.381;412;470 This 

implies that adequate provision for the needs of older people is important in housing and 

environmental policies. Trials have shown the effective prevention of disability from 

interventions including physical exercise, home visits, training in use of assistive devices 

and removal of environmental hazards.471;472 However, more such evidence is needed to 

establish further means of reducing disability, particularly among the lower socioeconomic 

groups. Evaluation of the effectiveness and cost-effectiveness of interventions targeted at 

reducing inequalities in disability in the elderly are needed. Policy efforts are required to 

reduce the overall burden of disability in later life as well as to reduce the greater burden of 

disability experienced by those in lower socioeconomic groups with CHD.  

 

9.4 Implications for future epidemiological studies 

The implications of the findings of this thesis for future epidemiological studies will be 

discussed in the following sections. The particular areas that will be considered are the 

design and analysis of population-based studies to investigate 1) socioeconomic 

inequalities in CHD in older age; 2) pathways to these inequalities; and 3) the influence of 

early life socioeconomic position on CHD risk in later life. This will enable a better 
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understanding of these important public health issues, and thus provide opportunities to 

reduce socioeconomic inequalities in CHD in later life.   

9.4.1 Investigating socioeconomic inequalities in CHD in older age 

In this thesis, relative socioeconomic inequalities in CHD did not appear to narrow over the 

25 years between 1978-80 and 2005, although absolute socioeconomic inequalities in CHD 

had narrowed (Chapter 4). Previous work on the British Regional Heart Study showed that 

favourable changes (reductions) in smoking, blood pressure and cholesterol levels played 

an important role in the decline of overall CHD rates over the last 25 years.473 Further 

research is needed to examine whether socioeconomic inequalities in these coronary risk 

factors changed during this period. In order to do this, changes in levels of coronary risk 

factors (smoking, physical activity, BMI, blood lipids and blood pressure) over this time 

according to socioeconomic groups would need to be studied and repeated information on 

these coronary risk factors would be required.   

 

In order to investigate socioeconomic differences, it is important for epidemiological 

studies to be representative of the general population. An important strength of the data 

used in this thesis is that it comprises a population-based study of older men who were 

recruited in middle-age from socioeconomically representative general practices from 

towns representing all the major regions of Britain. In epidemiological studies in the 

elderly, there maybe a possibility of selection bias when recruiting older subjects. Non-

response in epidemiological studies is often related to ill-health, and this factor can be more 

important in the elderly. Elderly non-responders tend to have more ill-health and are more 

likely to be in hospital or nursing homes,474;475 thus resulting in an underestimation of 
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disease prevalence and possibly even weakened associations between disease and 

exposures like socioeconomic position. To reduce this bias, subjects could be recruited in 

middle-age and followed-up thereafter, as was done in the present study. This would also 

provide opportunities to collect information on occupation, other socioeconomic indicators 

and coronary risk factors across adult life. Although attrition of the cohort with age remains 

an issue when studying older populations, follow-up can be maximised as much as is 

possible through careful tracking of subjects.  

 

At the time of the inception of the British Regional Heart Study in the mid-1970s, it was 

realised that the lower risk of CHD in women in middle-age demanded a very large number 

of women subjects to ensure adequate number of endpoints, making for considerable 

logistic and financial problems. The study, therefore, comprised only men. Also, the towns 

selected at that time had relatively stable populations with a small proportion of ethnic 

minority groups. Therefore, the data presented in this thesis are based on men and do not 

include appreciable representation of British ethnic minority groups. It is now well-

recognised that CHD is a major chronic disease in women,6 and in ethnic minority groups 

such as south Asians, who have a much greater risk of CHD compared with white European 

population groups.476;477 Therefore, it is important to extend investigations to include 

women and ethnic minority groups. While there was some advantage in the British 

Regional Heart Study in that it comprised a homogenous group of white European men, it 

was not possible to explore the extent of socioeconomic inequalities in other ethnic groups. 

Future studies including different ethnic minority groups would enable investigation of 

socioeconomic inequalities in CHD within and between ethnic groups in later life. 
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9.4.1.1 Ascertaining socioeconomic position in later life 

A key challenge in future epidemiological studies investigating socioeconomic inequalities 

in older age is measuring socioeconomic position in old age, which is complex. 

Occupation-based measures are difficult to use in post-retirement age. In this thesis, the 

longest-held occupation of the men assessed in middle-age was used as the main marker of 

socioeconomic position. The advantage of using such as measure is that it is a relatively 

stable marker of socioeconomic position across adult life. The longest-held occupation is 

also likely to be related to socioeconomic conditions in later life, and can therefore, be an 

indicator of socioeconomic position in older age. Education did not appear to be related to 

CHD risk in later life in the results of this thesis (Chapter 6). Education, although 

commonly used as a marker of adult socioeconomic position, is to a large extent dependent 

on parental or early life socioeconomic position. This could mean that education is, 

conceptually, a weaker marker of socioeconomic position in old age. Other markers, such 

as house and car ownership, were associated with differences in CHD risk in this thesis, 

though they were not independent of occupational social class (Chapter 6). A limitation in 

using house and car ownership to measure socioeconomic position in old age is that these 

markers are likely to be influenced by ill-health and other processes of ageing, which 

weakens their validity as socioeconomic indicators in the elderly. People are likely to stop 

owning a car due to disability in old age, and housing status may also change with 

increasing age and ill-health (for example from owned home to nursing home/relatives’ 

home). Combinations of different indicators, including social class, income, education, and 

house/car ownership, in the form of composite measures of socioeconomic position have 

also been used.97;478 Combining such measures has been previously shown to indicate a 
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greater magnitude of socioeconomic inequalities in all-cause and cardiovascular mortality 

in middle-age,97 although combined measures (social class, car/house ownership, education 

and pension arrangements) in the present study of older men were not associated with a 

greater magnitude of CHD risk compared with that of occupational social class alone. 

However, caution should be exercised in choosing measures when combining indicators in 

older age; for example house/car ownership may not be particularly appropriate markers of 

socioeconomic position in old age. Alternatively, income, a powerful indicator of material 

wealth and socioeconomic conditions, can be used as an indicator of socioeconomic 

position. However, collecting information on income has been shown to reduce response 

rates.479 Moreover, income has been shown to be more strongly related to health in younger 

rather than older ages, possibly due to lower income in old age.479;480 Wealth in the form of 

financial assets, house ownership, and employment benefits instead of income has been 

proposed as a robust marker of socioeconomic position.479 Wealth can be viewed as an 

indicator of income over the life course, which also reflects inherited assets and wealth. 

Retired and elderly individuals can have greater wealth (house value or measures of 

accumulated income or savings) even though they may have lower income due to reliance 

on pensions (a contemporaneous measure of income).479 The English Longitudinal Study of 

Ageing in older populations has recently collected detailed information on wealth including 

financial, pension, housing and physical (assets, land, jewellery) wealth.481 Although 

wealth offers an opportunity to capture socioeconomic position in older age, it has not been 

widely used. Its limited use could be due to the difficulty in collecting and combining 

information on different aspects of wealth including savings, inherited wealth, and 

household amenities.479  
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Therefore, attention needs to be paid to conceptual issues in measuring socioeconomic 

position in later life whether using education, occupational social class, house/car 

ownership, income or wealth. The use of different measures also depends on the feasibility 

of collection and appropriateness of the measure in the elderly. It is difficult to propose one 

indicator as the best measure over any other. However, it is important for studies to clarify 

why a particular indicator is chosen and what exactly it is used to measure. There may be 

merit in using more than one indicator to gain a better picture of the extent of 

socioeconomic inequalities in CHD in older age.  

9.4.2 Pathways to socioeconomic inequalities in CHD in later life 

9.4.2.1 Established and novel coronary risk factors  

In this thesis the specific role of established and novel coronary risk factors in contributing 

to socioeconomic inequalities in CHD in older age was investigated (Chapter 6). The focus 

was on established risk factors including cigarette smoking, physical inactivity, BMI, blood 

pressure, and on novel risk factors such as inflammatory/haemostatic markers. The impact 

of these risk factors on relative inequalities is important in understanding their contribution 

to the relationship between socioeconomic position and CHD risk in older age. Previous 

studies in older populations have not investigated these pathways, particularly the role of 

novel risk factors to socioeconomic inequalities in CHD in later life; more evidence from 

future prospective studies is required to corroborate the findings of this thesis. Future 

studies could be improved by collecting more precise measurements of coronary risk 

factors. The risk factors used in the thesis were measured only once, and therefore lack 

long-term information on risk factors such as blood pressure and HDL-cholesterol. 

Imprecise measurement of these risk factors may contribute to residual confounding 
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observed in relationships being studied, in this case of socioeconomic position and CHD.482 

Collecting information on risk factors more than once may reduce this bias. Further 

research is also needed to assess the effectiveness of change in behavioural factors in older 

age on reducing socioeconomic inequalities in CHD.  

9.4.2.2 Exploring other pathways 

Further research is required to explore other possible pathways to socioeconomic 

inequalities in CHD in older age, which were not investigated in this thesis. Studies have 

shown that lower socioeconomic groups have greater case fatality from CHD than higher 

socioeconomic groups, implying inequities in CHD treatment and management.483-485 It is 

possible that socioeconomic differences in case fatality or differences in treatment may 

partly underlie the relationship between socioeconomic position and CHD mortality. A 

Finnish study of middle-aged subjects found that socioeconomic differences in case fatality 

contributed to a large proportion of socioeconomic inequalities in CHD mortality.483 To 

explore this, detailed information on procedures including coronary bypass and 

revascularisation, and other aspects of quality of care such as time to treatment, use of 

statins and referral patterns would need to be collected and explored. Further research is 

also needed to investigate whether the relationship of socioeconomic position with CHD 

risk in older age is influenced by area-level deprivation. Socioeconomic conditions at area 

or neighbourhood level have been found to be associated with CHD risk independent of 

individual socioeconomic measures such as socioeconomic position.486-489 

 

Another postulated mechanism to link socioeconomic position with CHD in middle-aged 

populations concerns psychosocial factors. Studies have shown that psychosocial factors 
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including, job control, depression, social isolation and poor coping mechanisms, can 

contribute to socioeconomic inequalities in CHD.25;38;490 These factors are found to be more 

prevalent in lower socioeconomic groups and have also been observed to be related to 

coronary risk.491-495 One hypothesis is that psychosocial factors associated with low 

socioeconomic position can influence smoking, lack of physical activity, and in turn have 

an impact on haemostatic and lipid profiles;491-493 a stressful psychosocial environment 

without adequate coping resources can lead to negative emotions, and in turn to adverse 

health behaviours such as smoking, poor diet and lack of exercise. Thus, psychosocial 

factors can have an indirect impact on CHD. Another hypothesis is that psychosocial 

factors may exert more of a ‘direct’ effect on coronary risk independent of health 

behaviours. Psychosocial stresses can trigger pathophysiologic processes through their 

influence on neuroendocrine systems and result in increased adiposity, hypertension, and 

activation of platelets and inflammatory markers such as C-reactive protein and interleukin-

6.491 While the role of job stress or low job control may be limited after retirement in older 

populations, psychosocial factors related to social support and network could be important 

in the elderly. Social networks represent formal or informal relationships with friends, 

family, clubs or groups, and indicate the extent to which individuals are engaged or 

integrated within societies.496;497 From these relationships, individuals draw social support 

which can be emotional or functional or informational.496;497 Previous studies have shown 

that low levels of social support and social network are associated with increased coronary 

risk.493;498-500 In the elderly, who are more likely to experience social exclusion or isolation, 

it is important to ascertain whether levels of social support or network contribute to 

socioeconomic inequalities in CHD in older age. Future studies need to investigate this 

further. However, care is needed in investigating this issue since social support is closely 
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related to socioeconomic position and also to behavioural risk factors.501 Also, care needs 

to be taken in measuring social relationships; social support is mostly ascertained as 

perceived support,493 which can be influenced by disease status. Other quantitative aspects 

of social relationships such as social network or ties are less subjective and are measured as 

number of friends/contacts, membership of clubs, and frequency of contact with friends and 

family.493;496  

9.4.3 Childhood socioeconomic position and CHD risk in older age 

In this thesis, information on early life socioeconomic position was collected 

retrospectively for one period of the life course (early childhood). Lower childhood 

socioeconomic position appeared to have some association with CHD risk in later life 

(Chapter 7). However, from these findings important implications arise for future studies. 

Ascertaining childhood socioeconomic position retrospectively in adult life may result in 

inaccurate recording of information. Recall bias is likely in the form of subjects, 

particularly from lower socioeconomic positions, over-estimating the social class of their 

father.271 This can result in less marked childhood socioeconomic variations and a 

weakened effect of childhood socioeconomic position on adult disease.271 Studies such as 

the British birth cohort studies, which follow-up subjects from birth have the advantage of 

recording parental occupation and other measures of childhood socioeconomic position 

more accurately.502-504 Following-up a cohort from birth also provides advantages in the 

possibility of gaining information on socioeconomic position at different stages of life from 

birth, early childhood, later childhood, adolescence, early adult life, middle-age and old 

age. Along with information on socioeconomic position across the life course, other 

information on behavioural risk factors (smoking, physical activity and BMI) and CHD 
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outcomes at different life stages would enable investigation of the temporal relationship 

between early life factors and adult behaviours. This information might help explore 

whether adult behavioural factors are mediators or confounders of the relation between 

early life socioeconomic position and CHD in old age. It would also be possible to 

investigate the cumulative effect of socioeconomic position across the life course on CHD 

risk in older age. Path analysis could be used to explore the effect of early life 

socioeconomic position on coronary risk in later life taking into account detailed 

information on intermediary factors including health behaviours and socioeconomic 

position in adolescence and middle-age. Despite these advantages, birth cohort studies 

involve substantial costs and are of prolonged duration when studying long-term outcomes 

such as CHD in old age. An alternative would be to follow-up subjects from early adult or 

middle-age to old age, and rely on accurate sources of data for information on early life 

factors such as birth or medical records, or school records for parental occupation and 

anthropometric measures, provided high retrieval rates for such records can be achieved. 

These data can complement adult recall information and provide valuable information on 

childhood socioeconomic position.   

 

While in this thesis the association between childhood socioeconomic position and CHD 

risk in older age was investigated (Chapter 7), particular areas of further research are 

required to confirm this finding. First, in addition to behavioural risk factors, early life 

socioeconomic position is also known to be associated with biological coronary risk factors 

such as blood pressure, blood lipids and BMI, which can influence the relationship between 

childhood socioeconomic position and CHD in older age.180;259;333;505 Lower childhood 

socioeconomic position has been observed to be associated with higher blood pressure in 
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adult life, with the possibility of increased blood pressure tracking from childhood to 

adolescence and onto adulthood.265;506-508 Similar associations of lower early life 

socioeconomic position with increased BMI,333 and tracking of BMI from early to adult life 

have been reported.509 The extent to which these coronary risk factors influence the relation 

between early life socioeconomic position and CHD risk in later life needs to be 

investigated. Second, some studies also show a relationship between childhood 

socioeconomic position and novel coronary risk factors such as fibrinogen in 

adulthood.223;231 This relationship needs to be further explored with other inflammatory 

markers. Third, the influence of other early life exposures such as fetal undernutrition or 

low birth weight, postnatal growth and breastfeeding, which have been implicated in 

increasing CHD risk in adult life,52 were not taken into account in this thesis. The extent to 

which these early life exposures are associated with CHD risk in older age independent of 

childhood socioeconomic position, or their influence on the association between childhood 

socioeconomic position and CHD risk in older age warrants further investigation.    

 

9.5 Recommendations 

Results of this thesis demonstrate that relative socioeconomic inequalities in CHD have not 

narrowed over the last 25 years in Britain. While social class inequalities in CHD narrowed 

with age (in relative terms), absolute social class differences increase with age. Marked 

socioeconomic differences in CHD persist in older British men. The proportion of older 

people in the UK population, as in most developed countries, is growing rapidly; the 

proportion of the UK’s population aged over 65 years has doubled since the 1930s.424 

Coronary risk also increases with age.6 Therefore, socioeconomic inequalities associated 
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with CHD in the elderly pose an important public health problem. Current policies place 

little emphasis on reducing inequalities in CHD in older populations. In 2002, the 

Government announced a target to reduce inequalities in health (as measured by infant 

mortality and life expectancy) by 10% by 2010.510 Similarly, specific targets to reduce 

socioeconomic inequalities in CHD in older age are also required. A substantial proportion 

of socioeconomic inequalities in CHD in older age can be reduced by targeting established 

coronary risk factors particularly cigarette smoking, and also physical activity and BMI. 

Reducing overall levels as well as socioeconomic differences in these risk factors in older 

age would be important for narrowing current socioeconomic inequalities in CHD in older 

age. Understanding the origins of these risk factors across the life course would also be 

valuable in preventing these inequalities. Individual-level interventions have shown limited 

benefits in long-term improvement of health behaviours or risk factors.451;511 Population-

wide approaches to reducing risk factor levels with specific efforts targeted at lower 

socioeconomic groups would be more effective.451;511 Some of these interventions include 

restricting smoking advertisements, improving food labelling, improving the environment 

to promote physical activity, and other fiscal and legislative changes.451;511 Addressing the 

fundamental social, economic and material context in order to influence the causes of 

socioeconomic inequalities through public policy is essential if socioeconomic inequalities 

in CHD in older men are to be reduced.    
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10 Appendix I Social class distribution of subjects at twenty-year follow-up according to social class measured at baseline 

Appendix I Social class distribution of subjects at twenty-year follow-up according to social 

class measured at baseline  
 

Social class at follow-up (1998-2000) at age 60-79 years, based on most-recent or last occupation before retirement  Social class at baseline 

(1978-80) based on longest-held 

occupation at 40-59 years I II III non-manual III manual IV V Total Non-manual 
 

Manual 
 

I  223 (56%) 110 (28%) 22 (6%) 28 (7%) 11 (3%) 0 394 (100%)   

II 82 (9%) 661 (61%) 182 (17%) 118 (11%) 30 (3%) 7 (1%) 1080 (100%)  1624 (86%) 269 (14%) 

III non-manual 19 (5%) 123 (29%) 202 (48%) 38 (9%) 29 (7%) 8 (2%) 419 (100%)   

III manual 33 (2%) 170 (11%) 95 (6%) 974 (62%) 248 (16%) 60 (4%) 1580 (100%)   

IV 2 (1%) 16 (5%) 19 (5%) 100 (29%) 176 (52%) 27 (8%) 340 (100%) 346 (17%) 1684 (83%) 

V 0 2 (2%) 9 (8%) 44 (40%) 24 (22%) 31 (28%) 110 (100%)   

Total 359 (9%) 1082 (28%) 529 (14%) 1302 (33%) 518 (13%) 133 (3%) 3923 (100%)   
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Appendix II 

Publications from this thesis 

1. Ramsay SE, Morris RW, Whincup PH, Lennon LT, Wannamethee SG. Are social 

inequalities in mortality in Britain narrowing? Time trends from 1978 to 2005 in a 

population-based study of older men. J Epidemiol Community Health 2008; 62:75-

80. 

2. Ramsay S, Lowe GDO, Whincup PH, Rumley A, Morris RW, Wannamethee G. 

Relationships of inflammatory and haemostatic markers with social class: Results 

from a population-based study of older men. Atherosclerosis 2008; 197:654-661. 

3. Ramsay SE, Whincup PH, Morris R, Lennon L, Wannamethee SG. Is 

socioeconomic position related to the prevalence of metabolic syndrome? Influence 

of social class across the life-course in a population-based study of older men. 

Diabetes Care 2008; 31:2380-2382. 

4. Ramsay SE, Whincup PH, Morris RW, Lennon LT, Wannamethee SG. Are 

childhood socio-economic circumstances related to coronary heart disease risk? 

Findings from a population-based study of older men. Int J Epidemiol 2007; 

36:560-566. 

5. Ramsay SE, Whincup PH, Morris RW, Lennon LT, Wannamethee SG. Extent of 

Social Inequalities in Disability in the Elderly: Results From a Population-based 

Study of British Men. Ann Epidemiol 2008; 18:896-903. 
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Appendix III BRHS questionnaires 

 
The subsequent pages include the following British Regional Heart Study questionnaires 

which are relevant to this thesis, and the general practice medical record review sheet: 

1. Baseline questionnaire in 1978-80 

2. Postal questionnaire in 1992 

3. Questionnaire in 1998-2000 at twenty-year follow-up 

4. Dietary questionnaire in 1998-2000 

5. Postal questionnaire in 2003  

6. General practice medical record review sheet used for two-yearly update of 

morbidity data  
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Baseline questionnaire (1978-80)  
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