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Abstract

Depressive features have emerged, from the arena of psychosocial determinants, as 

potentially important coronary heart disease risk factors. Despite a large literature, 

uncertainty remains concerning both the independence of the effect of depression from that 

of other psychosocial variables, and the pathophysiological mechanism underlying the 

association.

Using data from the Whitehall II study, the relationship between psychological distress 

(measured by the GHQ-30) and future CHD events has been examined in men, with 

attention paid to the effect of the persistence of distress. Psychological distress was found 

to predict future CHD, with some evidence that the association was stronger for transient 

distress. Analyses using factors of the GHQ-30 did not suggest that depressive features 

were associated with CHD risk, whereas anxiety items and sleep questions were found to 

be the strongest predictors of future events. The effect of distress was found to be 

independent of other psychosocial risk factors, such as employment grade, hostility and 

life events.

The role of health behaviours, other conventional CHD risk factors, inflammatory 

variables and components of the metabolic syndrome, in the association between distress 

and CHD was examined. The results did not support a mediating role for these variables. 

Potentially important differences emerged between transient and more chronic distress. 

The effect of transient distress on future CHD events was greater in men with evidence of 

underlying CHD, suggesting an acceleration role for distress. The effect of chronic distress 

was more consistent with an atherogenic role, although a pathway of action could not be 

identified in these data.

This thesis confirms that psychological distress is a predictive risk factor for CHD, but 

suggests that transient and more chronic distress may be measuring different facets of 

psychological risk.
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Chapter I 

Introduction

I.l Outline of thesis

In the past decade, depressive illness and symptoms have emerged as potentially important 

cardiovascular risk factors and are the focus of much research activity. Observational 

epidemiology has provided good evidence of a link between depressive features and the 

development of future CHD, and stronger evidence that depressive features impair 

prognosis and survival in established CHD. Despite an impressive number of published 

reports and several comprehensive reviews, uncertainty remains in several key issues. 

Moreover, recent negative results from intervention studies in CHD patients, in which 

reducing depressive features did not improve prognosis, suggest that the relationship 

between CHD and depressive symptoms may be complex. These results raise the 

possibility that depressive features may be acting as a marker for other underlying risk 

factors.

This current focus on depressive features, within the arena of psychological risk factors, is 

probably unrealistic given the close relation between depression and anxiety disorders, and 

the imprecision of measurement instruments. The precise psychological components of 

depression that pose a risk have not been established. The literature on anxiety, as both an 

aetiological and a prognostic factor in CHD, is smaller than that on depression but, despite 

problems with the measures of anxiety used, it contains interesting positives. The role of 

anxiety and other psychiatric conditions, or more stable personality traits, in the reported 

associations between depressive symptoms and coronary disease is largely unexplored.

The relative importance of distress symptomatology and clinical psychiatric conditions, 

such as depression, in conferring CHD risk is still unclear. Some observational studies on 

depression have indicated a dose-response effect, with CHD risk increased further in 

clinical depressive illness compared to depressive symptoms alone, but other findings are 

inconsistent and few comparable data are available on anxiety. The distinction between
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increased CHD risk associated with emotions within the normal range or only with frank 

psychiatric disturbance has enormous public health implications.

The pathophysiological mechanisms underlying the association between 

distress/depression and CHD events have not been established. Some aetiological studies 

indicate that emotional distress/depression may operate to accelerate the progression of 

underlying disease rather than to promote atherogenesis and this needs further exploration. 

Potential pathways have been suggested, but there are few studies that demonstrate that 

these mechanisms link distress to future CHD events.

The topic of this thesis is the role of psychological distress, as measured by the 30 item 

version of the General health Questionnaire (GHQ-30), in the aetiology of coronary heart 

disease (CHD) using data from the Whitehall II cohort of British civil servants. It 

addresses some of the unresolved issues by examining: - the contribution of anxiety and 

depression factors to the effect of psychological distress on CHD risk; the effect of low- 

level distress symptomatology; assessing the role of underlying disease and investigating 

several potential pathways. Four alternative conceptual models are proposed as a 

framework for both literature review and analysis. Although there have been 

comprehensive reviews, comparatively little work has suggested analytical strategies to 

differentiate alternative mechanisms.

These models are described in full below but are summarised here. The first model is one 

in which psychological distress promotes atherogenesis and hence leads to both subclinical 

and clinical disease. In the second model, distress acts to increase the progression of 

underlying disease but does not initiate the disease process at an earlier stage. In the third 

model, distress occurs as a response to early underlying disease and hence appears to lead 

to overt disease. The final model suggests that underlying stressors or personality factors, 

which lead to both distress and CHD, confound the apparent association between distress 

and CHD.

17



1.2 Psychological distress and its relation to psychiatric illness and other 

psychological risk factors
In this thesis, the term psychological distress is used to denote a state of increased 

undifferentiated emotional distress with symptoms that are common to many psychiatric 

conditions. Typical symptoms include anxiety and worry; despondency and sadness; 

somatic symptoms, some of which are the autonomic features of anxiety; sleep 

disturbance; obsessional thoughts; fatigue and irritability.

These symptoms may occur at three levels’. :

1. Individual symptoms occur as part of everyday emotional experience.

2. A variety of symptoms occur together without any one predominating. This has 

been called minor emotional disorder /undifferentiated neurotic syndrome and here is 

termed psychological distress.

3. A certain group of symptoms become dominant in a specific neurotic or affective 

psychiatric illness, the diagnosis of which requires psychiatric interview. The 

nomenclature o f these disorders varies but they will include:

anxiety disorders: such as generalised anxiety, panic attack, phobic anxiety neurosis, 

obsessive-compulsive neurosis.

depressive illnesses: the diagnosis of a depressive illness requires the presence of two out 

of the following three symptoms for two weeks or more: depressed mood, lack of 

enjoyment, reduced energy. Other important diagnostic features include pessimistic 

thinking, low self-esteem, and biological symptoms such as sleep disturbance, loss of 

weight and appetite^. Anxiety may be a prominent feature in some episodes of depressive 

illness. Depressive illness may be classified by severity into categories such as mild, 

moderate and severe depressive episodes, which are differentiated by the number and 

persistence of symptoms. Less intense but more chronic symptoms, lasting over several 

years, are classified as dsythymia^. The concept of a spectrum of depressive disorders has
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been suggested, which includes the so-called subthreshold category of short-term 

depressive symptoms^.

Within the field of psychiatric epidemiology, a range of standardised instruments has been 

developed to allow standardised psychiatric diagnoses. Semi-structured interview 

schedules such as the Present State Examination (PSE)"  ̂ are available but large-scale 

studies have tended to use completely standardised interviews, such as the Diagnostic 

Interview Schedule (DIS)^, Composite International Diagnostic Interview (CIDI) or 

Clinical Interview Schedule (CIS). These may be administered by trained lay personnel or 

be adapted for use as questionnaires or for self-completion on computer e.g. UM-CIDI.

Questionnaire checklists are another important tool in psychiatric epidemiology. These are 

used to measure symptoms rather than clinical illness and are often designed to act as 

screening instruments. Subjects scoring above a certain threshold are deemed to be at a 

higher risk of psychiatric disorder and to warrant further investigation. Such questionnaires 

measure undifferentiated psychological distress and will detect features of anxiety and 

depression. Examples include the General Health Questionnaire (GHQ)^, the Symptom 

Checklist (SCL)^; Hospital Anxiety and Depression Scale (HADS)^. Others are designed to 

be more specific for depressive symptoms. Widely used examples are the Center for 

Epidemiologic Studies Depression Scale (CES-D)^; the Beck Depression Inventory 

(BDI)^^; and the Hamilton Rating Depression Scale (HRDS)^’. It is important to appreciate 

that there is considerable overlap in the symptoms detected and even questionnaires 

designed to be specific for depressive symptoms will detect many cases where anxiety 

predominates.

These questionnaires are screening instruments based on emotional state, so that those 

scoring above the threshold will include those with a transient emotional imbalance as part 

of the normal variation of mood (level 1 above), as well as those with undifferentiated 

emotional distress (level 2). Not everyone scoring above the threshold would be confirmed 

as suffering from a recognisable psychiatric disorder at a diagnostic interview. This 

distinction between those scoring high on a symptom checklist and those with a clinical 

condition is important in the interpretation of the literature linking distress to CHD risk.
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The distinction between emotional states (transitory states brought about by specific 

situations) and personality is a further source of potential confusion. The term personality 

refers to the enduring qualities of an individual shown in his/her way of behaving in a wide 

variety of circumstances\ A crucial feature of the GHQ is that it was designed not to 

detect stable personality traits or disorders, but to respond to recent changes in emotional 

state. However, different personality types are more likely to experience certain negative 

emotions so that, at any given time, subjects with a particular personality are more likely to 

score highly on a symptoms questionnaire.

There are many different classifications of personality but the big five model is amongst 

the most widely accepted. The five traits identified are neuroticism, extraversion, 

conscientiousness, agreeableness and openness to experience. Of these, neuroticism is the 

most relevant to psychological distress. Watson and Clark have termed this trait negative 

affectivity, which has been described as the stable tendency to experience negative 

emotions in any given situation. Various trait measures have been used to assess negative 

affectivity including Eysenck’s neuroticism (N) scale and trait anxiety in the State-Trait 

Anxiety Inventory (STAI). Measures of negative affectivity show high correlations to 

measures of distress and depressive symptoms, such as the BDI, and also show correlations 

with hostility scores’̂ ’ Associations between personality traits and psychiatric illness are 

also apparent. Clark et al reviewed the literature concerning personality and distress 

(anxiety and depression) disorders'"^. They outlined a tripartite model, which postulated 

that anxiety and depression consist of a common distress factor shared by both types of 

disorder, a specific depression factor characterised by anhedonia or low extraversion, and a 

specific anxiety factor of autonomic arousal. They propose negative affectivity, or 

neuroticism, as a measure of the general distress factor, and low positive affect or low 

extraversion as the depression factor. Such personality variables may increase vulnerability 

to distress disorders in a causal fashion (predisposition model), or via the pathoplasty 

model, which suggests that personality characteristics modify the course of the disease 

without having a direct aetiological role. The scar hypothesis suggests that affective 

disorders may lead to changes in personality. There is evidence for the predisposition 

model with neuroticism predicting future occurrence of depression and anxiety disorders'^, 

although in some studies the temporal sequence between personality and distress is less 

c le a r ''^ .  Recent work from van Os et al has indicated that life events may mediate in the
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relationship between neuroticism and mental health, consistent with the pathoplasty

model’'

Historically, Type A behaviour and hostility are personality traits that have been linked to 

the development of future CHD*^’ Hostility is now seen as the “toxic” component of 

Type A related to CHD, and anger is the negative emotional component of the hostility 

construct^’. Research on psychosocial factors influencing CHD also includes two other 

concepts that are likely to be related to depressive illness or symptomatology: hopelessness 

and vital exhaustion.

The key feature of hopelessness is pessimism or negative thoughts about the future. This is 

measured in studies using one or two questions such as “ I feel it is impossible for me to 

reach the goals I would like to strive for” and “the future seems hopeless to me”^̂ . 

Hopelessness is a typical feature of depressive illness but is not always present^^. 

Hopelessness is only one component of the symptoms associated with depressive illness 

and it is not included in the three most important diagnostic features in the ICD-10. It may 

be better described as a negative cognition rather than an emotion. It is likely that that 

hopelessness is also related to negative affectivity.

Vital exhaustion (VE) is a syndrome, first described by Appels, and is assessed using the 

Maastricht Questionnaire. It is characterised by excess fatigue, low mood and irritability^'’’ 

Depressive symptoms are an integral part of syndrome, but the authors emphasise it is 

distinct from depressive illness, with fatigue the crucial feature of VE^^. Symptoms of VE 

have been associated with an increase in inflammatory markers both in CHD patients 

(using IL-6 and viral antibodies)^^ and healthy men (using C-reactive protein and white 

blood cell count)^^, but the direction of causality has not been resolved. VE has been 

conceptualised as the end-stage of chronic psychosocial stress, associated with an increase 

in inflammatory processes which lead to symptoms of fatigue^^.

In summary, certain personality traits, notably negative affectivity, make the experience 

of negative emotions, including distress and depressive symptoms, more likely. Symptoms 

of anxiety and depression disorders show considerable overlap. Distress symptoms.
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detected by checklist questionnaires, may or may not reflect a more severe psychiatric 

disturbance.

1.3 Pathogenesis of coronary heart disease (CHD)
The endpoint or outcome of interest in this thesis is coronary heart disease (CHD). The 

term coronary heart disease refers to diseases classified as ischaemic heart disease under 

ICD-9 codes 410-414, or ICD-10 codes 120-125. This includes acute myocardial infarction; 

other acute and subacute forms of ischaemic heart disease; old myocardial infarction; 

angina pectoris and other forms of chronic ischaemic heart disease. It does not include 

hypertensive heart disease, heart disease related to rheumatic fever or other infections, 

cardiomyopathies or disease of arteries outside the heart. The term cardiovascular disease 

is widely used and may include these other heart conditions as well as cerebrovascular 

disease.

The necessary and pathognomonic lesion in CHD is the atherosclerotic plaque within the 

coronary arteries. These lesions progress from childhood, from fatty streak to a flbrofatty 

plaque. Symptomatic CHD probably requires the presence of a complicated plaque, where 

plaque fissuring has led to intraluminal thrombosis, which is then incorporated into the 

plaque. The development of the plaque involves many different cell populations and 

cascade systems, including macrophages, lymphocytes, platelets and smooth muscle cells. 

Atherogenic stimuli include blood lipid profile; mechanical stimuli such as blood pressure, 

which exert shear forces; inflammatory cell activation and the haemostatic system. A 

severe obstructing atherosclerotic plaque may remain stable for many years and result in 

stable angina without progression to complete obstruction^®.

CHD may become manifest through an acute coronary syndrome, such as unstable angina, 

MI or sudden cardiac death. In these acute events, the lumen is blocked suddenly leading 

to infarction or ischaemia, possibly causing an arrhythmia. The blockage may be due to 

vasoconstriction (responsible for a minority of acute events) or thrombosis. The risk 

factors for these acute coronary syndromes can be regarded as acute destabilising stimuli^® 

and include an increase in inflammatory markers leading to inflammation within plaque, 

which then triggers thrombosis in the lumen. In many cases the mechanism of the acute
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obstruction is unclear. It is useful to distinguish the concepts of atherogenic and 

thrombogenic risk factors involved in the development of CHD at different stages^ \

As the biological processes involved alter during the pathogenesis of CHD, it would be 

expected that psychosocial risk factors for CHD differ accordingly. Kop has suggested a 

useful classification of psychosocial risk factors: chronic factors, involved in

atherogenesis, acting over a ten year time-span; episodic risk factors, involved in the 

progression of plaques, and acting within a two year time-span; and acute risk factors, 

leading to acute events within two hours^^. He proposed hostility or low socio-economic 

status as examples of chronic risk factors, depression and vital exhaustion as episodic risk 

factors and anger as an acute risk factor.

1.4 Conceptual models
The literature review focuses on papers reporting associations between psychological 

distress, including depressive illness or symptoms, and subsequent CHD. This thesis 

proposes various conceptual models to clarify the issues involved (Figure I.l). Such 

models are always an over-simplification of complex pathophysiology, but provide a 

framework for analysis.

First atherogenic model

Psychological distress or depressive symptoms are promoting the development of 

atherosclerosis and hence acting high on the causal pathway. This could be via biochemical 

pathways (such as the metabolic syndrome, immune activation, platelets); via behavioural 

pathways (including smoking, alcohol, lack of exercise); or by another, as yet unidentified, 

mechanism. This model would imply a long-term effect, acting over five to ten years, 

which was independent of established risk factors not directly on the causal pathway. The 

rationale for controlling for established CHD risk factors is somewhat debatable since 

adjustment for risk factors involved in the pathway would be expected to diminish the 

effect. The model is broadly equivalent to Kop’s chronic risk factors.

23



Second acceleration model

Psychological distress is acting to promote the progression of CHD in subjects with 

underlying atherosclerosis. Distress is not causing atherosclerosis, but is making a clinical 

event, such as infarction or angina, more likely in individuals with established coronary 

plaques. This is equivalent to Kop’s episodic/acute risk factors and the pathophysiology 

involved might be to increase progression to complicated plaques; to induce an acute 

occlusion or by precipitating an arrhythmic event in an ischaemic myocardium. Results 

consistent with this model would show short-term risks and, crucially, the effects of 

distress symptoms would be greater in those with an indication of underlying or subclinical 

disease.

A special example of this second model is where psychological distress is leading to 

increased clinical recognition of disease, but is not affecting the actual course of the 

disease. This model would be supported by a differential effect of distress in different 

groups of end-point, with the greatest effect seen in self-reported events, or where the 

diagnosis allows subjective opinion. One might also expect that effect would decrease with 

time as more potential cases became diagnosed.

Third model - confounded by underlying CHD

Distress symptoms are a reaction to early symptoms of CHD or, given the similarity 

between some features of anxiety and depressive illness and physical illnesses, physical 

symptoms are being detected by the measurement instruments. Thus the observed 

association between distress and subsequent CHD is confounded by baseline underlying 

CHD. In this model, controlling for underlying disease will abolish the effect of distress 

symptoms. Psychological distress does not affect the prognosis of CHD, whereas in the 

second model, the risk associated with distress is higher in those with underlying disease at 

baseline. It is possible for both the second and third models to be true, with early 

symptoms of CHD inducing distress, which then increases the progression of the disease.

Fourth model -  confounded by other psychosocial risk factors

Personality factors, such as hostility, or other psychosocial risk factors lead to both an 

increased risk of CHD and an increased risk of psychological distress. The observed 

association between depression and CHD is confounded by these factors. In this model,
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controlling for the initial stressors/personality factors should reduce the relationship 

between distress and CHD events. However, the presence of distress does not affect the 

relationship between personality factors and CHD events. In this fourth model, the 

pathway by which these other psychosocial factors lead to distress may be different from 

the pathway implicated in their pathogenesis of CHD.

It is important to differentiate this from the first model, in which these psychosocial 

variables may be included, further down the casual pathway, as determinants of distress, 

but only have an effect on CHD risk if they lead to psychological distress. Not everyone in 

stressful circumstances, or with certain personalities, develops distress symptoms. In the 

first model, personality/stressors would have no effect in the absence of distress, whereas 

in the fourth model, having controlled for such personality or stress markers, there is no 

independent effect of distress symptoms. In practice, such analyses become difficult due 

to collinearity between measures. A modification of the fourth model, to allow an 

interaction, suggests that the experience of psychological distress increases the risk 

associated with a given personality/stress pathway. In this case, distress may only be a risk 

factor in the presence of certain personality factors. Analyses to consider this point need to 

stratify and to examine interaction effects between distress symptoms and 

stressors/personality factors.
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Figure 1.4.1 Conceptual models 
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Chapter II 

Literature review

II. 1 General Health Questionnaire (GHQ)
The GHQ was designed as a self-administered questionnaire to detect undifferentiated 

emotional distress in community, rather than psychiatric patient, populations and hence act 

as a screening instrument for minor psychiatric disorder, especially anxiety and depressive 

illnesses. It was not designed to detect psychotic episodes or personality disorders and it is 

not a specific measure of either depressive illness or depressive symptoms. The score may 

be used a continuous measure of degree of distress, but is often used dichotomously, with 

those scoring above a screening threshold deemed to be at a higher risk of psychiatric 

disorder.

Development of the original questionnaire^

The original 60-item version of the GHQ was developed by identifying four areas which 

were considered to be aspects of distress but, importantly, were concerned with change in 

psychological functioning, to allow distinction between illness and personality traits. These 

areas were depression, anxiety, objectively observable behaviour and hypochondriasis. A 

total of 140 potential items were selected, some drawn from other scales and some written 

by investigators. All were adapted to a standard format asking about the preceding few 

weeks, with two alternative scoring scales (Table II. 1.1).

These 140 items were then used in a calibration study and administered to 300 subjects, 

comprising 100 in each of the following groups: normal, mildly and severely 

psychiatrically ill. The item analysis excluded 30 items because there was a difference of 

less than 40% between the proportions of the normal and severely ill population endorsing 

them. A further eight were excluded because more than 10% of the normal participants 

endorsed them. A principal component analysis was performed using the remaining 93 

items. Five factors were found, with the first, general factor accounting for 45.6% of the 

variance. The remaining four were: - psychic versus somatic depression; agitation versus 

apathy; anxiety at night versus anxiety during daytime; personal neglect versus irritability.
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60 items were selected by including the 21 items with the highest loads on the general 

factor, 36 items with high loads on the other four factors plus an additional three items to 

balance the overall agreement set, so that the number of items where a “yes” response 

indicated health was equal to the number where a “no” response indicated health.

Shorter versions of the GHQ

The lengthy GHQ-60 was reduced to GHQ-30 by first excluding items that were 

commonly endorsed by patients with entirely physical illness. The selection of 30 items 

from the those remaining in the GHQ-60 was based on the best discriminators in the 

original item analysis^^. The GHQ-12 was developed in a similar fashion.

The GHQ-28^^ was designed to include information on subgroups as well as a severity 

score. Questions were chosen from the GHQ-60 according to how they loaded on four 

selected factors (somatic symptoms, anxiety and insomnia, social dysfunction, severe 

depression). The questionnaire consists of the seven questions that loaded best on each of 

those factors.

Validation studies of the GHQ-30

Beyond the content validation from the item analysis, the criterion or concurrent validity of 

the questionnaire is of crucial importance, i.e. the extent to which scores correspond to an 

external assessment of psychiatric disorder. The original 60-item questionnaire was 

validated against psychiatric diagnoses in two populations, one in a general practice and in 

medical out-patients^. Psychiatric assessment was performed using a standardised 

interview which gave a summary rating scale that could be analysed either as case/not case 

or to give additional information on severity^^. Agreement between the questionnaire score 

(Likert and GHQ) and the clinical diagnoses was first assessed by correlation coefficients 

(using the score as continuous measure against a clinical severity score) which were + 0.80 

in the GP study and +0.77 in the medical out-patients. Using the questionnaire in a 

dichotomous fashion, as a case-identifier, allowed sensitivity and specificity estimates. In 

the GP study, sensitivity was 95.7 % and specificity was 87.8%. In the out-patient study 

the corresponding figures were 87.1 % and 93.3%. It was shown that GHQ scoring was 

superior to Likert scoring for case identification. The initial validation of the GHQ-30 in a 

US general practice population against psychiatric diagnoses reported a correlation of
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+0.70, sensitivity of 86% and specificity of 77%^^. In this population the positive 

predictive value of the questionnaire, i.e. the probability of being confirmed as psychiatric 

case at interview given a score above the threshold, was 67%. There have been many 

subsequent validation studies of the GHQ-30, with 29 studies summarised in the User’s 

Guide, reporting a median sensitivity of 81% and specificity of 80% and variance weighted 

means of 74% and 82% respectively^^.

The psychiatric disorders included in the original criterion group were predominantly 

depression and anxiety disorders. The validity of the GHQ as detection instrument for 

depression alone has been reviewed both by Goldberg using correlation coefficients^^ and 

by Mulrow et al^ .̂ Both conclude that sensitivity is similar to instruments that are designed 

specifically for depression, such as the CES-D^, but specificity is lower.

The threshold score for case identification varies according to the populations depending 

on the prevalence of both mental and physical illness in the population^The investigators 

recommend that a small study be carried out in the target population to determine the 

optimum threshold. This involves a criterion psychiatric interview in a subsample and 

preparation of receiver-operator curves. The modal threshold value (using GHQ scoring) in 

a review of validity studies by Goldberg was reported as 4/5

Factor structures of the GHQ-30

The development of the original GHQ-60 involved five factors and the construction of 

scaled 28- item was based on four factors as described above. The factor structure of the 

GHQ-30 has been extensively investigated^ '̂"^^. Most investigators have used Likert scores 

in a principal components analysis.

There is a first general factor, which represents the bulk of the explained variance and 

contains many anxiety items. Despite Goldberg’s initial report where depression and 

anxiety loaded on one factor^^, subsequent factor analyses of the GHQ-30 have been fairly 

consistent in finding a separate depression factor. The depression factor often includes the 

four questions present in the GHQ-30 from the 7-item GHQ-28 severe depression subscale. 

The missing three items all concern suicidal ideation (Table II. 1.2). The depression factor 

in the GHQ-30 focuses on the cognitive symptoms of depression, such as pessimistic
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thinking and low esteem, and includes one question very similar to measures of 

hopelessness. Validation studies of the depression factor against psychiatric diagnoses of 

depression have been reported for factors from the GHQ-60, but not the GHQ-30. These 

reports have generally found that the depression factor has a lower sensitivity than the 

whole questionnaire when detecting depression and have not endorsed its use in a 

screening role'^'’ Other factors that have been reported in the GHQ-30 relate to 

competence, social functioning and sleep disturbance.

Correlation with other psvchiatric svmptom scales and measures of personalitv traits 

In a useful summary, Goldberg reports high correlations with a variety of other psychiatric 

screening instruments, including those which are intended to specific for depression such 

as +0.72 with the BDI, and +0.57 with the Zung depression scale^^. This is not surprising 

given the overlap in undifferentiated symptoms.

Despite the intention that the GHQ would not detect stable personality traits, it is not 

surprising that it is also correlated with measures of personality. The GENESiS study has 

demonstrated strong correlations between distress on the GHQ and neuroticism scores'^  ̂ . 

This is consistent with either the predisposition or scar models of personality and mood 

disorders. Despite such cross-sectional associations, longitudinal work has emphasised that 

the GHQ varies over time, whereas trait measures are more stable^^. It is therefore of 

interest to look at the persistence of psychological distress over time and its relation to 

future CHD events.

Summarv

The GHQ-30 is a well-respected and extensively validated measure of psychiatric ill- 

health. It can be used either dichotomously to identity potential cases or as a continuous 

measure of the degree of psychiatric disturbance. Subjects scoring above a predetermined 

threshold are at higher risk of minor psychiatric morbidity, largely depression and anxiety 

disorders. These participants are termed as having psychological distress. The 

questionnaire was designed not to be sensitive to stable personality traits, but there are 

correlations with measures of such traits, such as neuroticism. However, the GHQ has been 

shown to respond to changing emotional states.
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Table II .l.l Alternative scoring methods of the GHQ

e.g. Have you 
recently been feeling 
sad or gloomy

Column 1 Column 2 Column 3 Column 4

Less than No more than Rather more Much more
usual usual than usual usual

Likert score 0 1 2 3
GHQ score 0 0 1 1

Table II.1.2 Comparison of depression subscales on GHQ-28 and GHQ-30

• GHQ-28 • GHQ-30
• Been thinking of yourself as a • Been thinking of yourself as a

worthless person worthless person
• Felt that life is entirely hopeless • Felt that life is entirely hopeless

• Felt that life isn’t worth living
• Felt that life isn’t worth living

• Thought of the possibility that you •

might make away with yourself

• Found at times that you couldn’t do • Found at times that you couldn’t do
anything because your nerves were anything because your nerves were too
too bad bad

• Found yourself wishing you were •
dead and away from it all •

• Found that the idea of taking your
own life kept coming into your mind
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II.2 Literature linking depression, anxiety and psychological distress to 

CHD

II.2.1 Historical perspective and literature sources

Malzberg’s paper in 1937"̂  ̂ is commonly cited as the first paper to highlight the risk of 

heart disease in patients with depression, and the concept that sadness leads to ill-health, 

and is particularly associated with the heart, has been in literature in its widest sense for 

many centuries. Malzberg’s paper was an early example of what is now a large body of 

work assessing the mortality rates of psychiatric patients. These studies were initially on 

institutionalised patients, were small and often relied on standardised mortality rates as a 

comparison group and hence were poorly adjusted. Later studies have used out-patient 

samples. A range of psychiatric conditions has been considered. Although several had 

indicated that heart disease appeared to be more common in depressed patients'^*'^^ this 

was sometimes confused with issues of treatment^^ and the toxicity of anti-depressant 

therapy. The effect size of depressive illness on CHD was usually poorly quantified. 

Others, although finding an increased mortality, found no evidence that CHD deaths were 

specifically increased^^'^^. Anxiety disorders have also been examined. Some have 

reported increased cardiovascular deaths particularly in panic disorder^^’ whilst others 

found no increase in cardiovascular mortality^^’ Increased mortality is not restricted to 

affective disorders. It has also been shown in schizophrenics^®. Most of the psychiatric 

studies were not designed to study CHD, lacked power and are probably best considered as 

hypothesis-generating studies.

Alongside this work on psychiatric patients, other investigators were working on the role 

of psychosocial influences in the development of coronary heart disease. Interest was 

initially in personality as a predictor of CHD. Ostfeld demonstrated that personality, 

including the K scale on MMPI, a measure of neuroticism, was not related to objective 

measures of CHD such as myocardial infarction®L Recent reviews have also reported that 

neuroticism is not related to CHD endpoints, but may lead to an increase in symptom 

reporting®^. Following positive reports from the Western Collaborative Groups’ Study and 

the Framingham S t u d y ® ^ ’ ®̂, attention was focused on the Type A behaviour pattern 

(TABP). Subsequent reports did not confirm the early findings and hostility, a component
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of TABP, was considered as the aetiological factor. Recent reviews of hostility as an 

aetiological risk factor for CHD have been divided as to its importance and certainly 

several large studies have not been not supportive^^’ Barefoot has published two small, 

strongly positive studies^^’ using the Cook -Medley scale^^, which is derived from the 

MMPI. He demonstrated that, within the whole questionnaire, the subscales of hostile 

affect and attribution were related to the incidence of myocardial infarction^^.

In general, the psychological tests used in this psychosocial literature were not designed to 

measure depressive illness, so that the results could not readily be compared to the clinical 

diagnoses used in the psychiatric studies. Personality measures, such as the D subscale of 

MMPf^, were often used and there were important negatives^\ However, it can be argued 

the current scientific interest in the relationship between CHD and psychological distress 

originated in 1987, with Booth-Kewley and Friedman’s review of the psychological 

predictors of heart disease^’. Prior to this, neither studies of the physical health of 

psychiatric patients nor community based studies of the psychological predictors of heart 

disease had particularly focused on the distress/heart disease link. The review aimed to 

assess the importance of TABP in the aetiology of CHD, but showed that the association 

between measures of depression and heart disease was larger than that for Type A scales. 

This conclusion was somewhat unexpected and acted as an impetus to further research. 

The review also found a weaker association between anxiety and heart disease, and 

suggested that further work was needed.

In 1993, Anda published a large well-designed study and showed an association between 

depressive symptoms, measured on the General Well-Being Schedule, and future CHD^^. 

Since then, many studies on depression have been published and much of data discussed in 

this review focuses on depression rather than anxiety or more general distress. The 

categories of studies included in the review are summarised below.

Depression as an aetiological risk factor

At least 24 cohort studies have considered depressive symptoms as a risk factor for future 

CHD events^’’ In comprehensive reviews, Kuper et al considered 22 of these papers^^’ 

Of these eight were negative^*’ four moderately positive, with relative risks of
*70 f in  f io

between 1.5 and 2.00 ’ ' and four were strongly positive, with relative risks of greater
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than The remaining studies reported that the effect varied by type of event̂ "̂^%

length or severity of depression^^’ or gender '̂^.

Most recent reviews accept depression as a risk factor for CHD, although there is still 

considerable confusion over key issues^ '̂^^. Others remain cautious about the 

independence of depression from underlying personality c o n s t r u c t s T w o  recent, small 

meta-analyses estimated the pooled relative risk of future CHD associated with depression 

as 1.40 [95% Cl 1.3-1.6]*®* and 1.64 [1.29-2.08]^^l

Anxietv as an aetiological risk factor

There are fewer aetiological studies on anxiety. Eight aetiological cohort studies were 

identified by Kuper et al, and the results are rather confused. Two were positive for 

a n g i n a ' a n d  two showed an association between phobic anxiety and fatal CHD, 

particularly sudden cardiac death^^’ A later study from Northwick Park, with follow-up 

extended to 20 years, was negative for phobic anxiety but positive for obsessional neurosis 

and somatic complaints*^. Two studies using more generalised anxiety measures were 

significant in unadjusted analyses only^"'' Kubzansky showed an association between 

worries about social conditions and CHD, but this was not adjusted for social class"^^. 

Reviews are mixed with some supportive of a link'^* and others more guarded^^.

Prognostic studies

Although not directly relevant to the aetiological focus of this thesis, a large number of 

papers have examined the role of anxiety or depressive symptoms in the prognosis of 

CHD. Interest in the psychological influences on CHD recovery was initially concentrated 

on social s u p p o r t b u t  now a large body of work exists investigating the role of 

depressive symptoms in the prognosis of established CHD"^"'^' . Kuper et al^  ̂ reviewed 

34 studies of which 16 were negative, 7 moderately supportive and 11 strongly supportive. 

Although the proportion of positive findings does not differ between the aetiological and 

prognostic studies, the effect sizes are larger in the prognostic studies. Anxiety and 

generalized distress have also been examined as prognostic factors, often in the same 

studies as depression Of 18 studies identified by Kuper et al, half were

negative, four showed strong and five moderate support for an association.
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This prognostic work is clearly relevant to a discussion of the second acceleration model, 

with depression and distress symptoms leading to a progression of established disease, but 

it may also be important in identifying potential mediating pathways for other models.

Other work included

Work examining related psychological constructs, such as vital exhaustion, hostility or 

hopelessness, either as predictors of future CHD or in prognostic studies, was included 

where it contributed to the argument concerning psychological distress and CHD.

II.2.2 Measurement instruments, definitions used for distress, anxiety, depressive 

illness or symptoms, and the importance of severity

Depression instruments

Most studies have used depressive symptom scales and the relation of some of these 

instruments to a diagnosis of clinical depressive illness is unclear. This may explain, in 

part, the variation in prevalence of depression between studies. These scales have been 

used either continuously, to examine the effect of symptoms across the whole range, or 

dichotomously. Some of these scales have criterion validation data relating to psychiatric 

diagnoses. The CES-D scale^ is the most commonly used scale and validation studies of 

the CES-D have identified thresholds that relate to a higher risk of clinical depression in 

community samples, although this threshold level can vary'^^’ The Beck Depression 

Inventory (BDI)’® has similar but more limited validation work, but many other depressive 

symptom scales used by investigators, such as the General Well-Being Scale (GWS) and 

the Crown-Crisp Experiential Index (CCEI)’^̂ , lack equivalent community-based criterion- 

validation studies. The extensive validation work on MMPI-D scale has focused on its 

ability to diagnose depression within a population of psychiatric patients, rather than in 

community samples’ ®̂. Other studies have used in-house scales whose validation relies on 

correlations with existing scales. Some scales were designed to measure stable personality 

traits rather than depressive states.

A few studies have examined clinical diagnostic categories^’’ usually based on

diagnosis of major depressive disorder (MDD) from the DIS*^’ Other studies have used 

prescription of antidepressants, which is taken as marker of a depressive illness^^’ This
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imprecision in exposure instmments limits the available data for comparing CHD risks 

across different categories of depression.

Anxiety instruments

None of the aetiological studies has used clinical diagnostic categories, but one of a range 

of symptom scales. Various anxiety subscales of the CCEI, including phobic anxiety and 

free-floating anxiety, were used in Northwick Park study and by Kawachi in the Health 

Professionals Study^^’ Other work has used adaptations of more general

questionnaires, such as the Cornell Medical Index ,or have created their own in-house 

scales. The most widely used instrument is the Spielberger State Trait Anxiety Index 

(STAI)'^^. Some investigators use the state s c a l e ' o t h e r s  use the trait and some 

both'^^’ Denollet uses the trait scale of the STAI, together with high scores on a social 

inhibition scale, to define a type D personality that is characterised by the non-expression 

of negative emotions. The trait scale of the STAI is fairly widely accepted as a measure of 

neuroticism or negative affectivity'^. None of the questionnaires used in the aetiological 

studies has criterion validation data relating to the diagnosis of clinical anxiety disorders.

Prognostic studies on anxiety fare a little better. Some studies have used distress symptom 

checklists e.g. the GHQ'®^, Symptom Checklist (SCL)'^^, or the Hospital Anxiety and 

Depression scale (HADS)'^*. These questionnaires will detect both anxiety and depression 

disorders but none of the studies have included diagnostic interviews. Herrmann et al 

attempted to separate the effects of anxiety and depression (using HADS) on survival in 

patients referred for exercise ECG testing. They found that increasing anxiety improved 

survival, whereas increasing depression decreased survival. Overall, the combined HADS 

score was associated with decreased s u r v i v a l H e n c e  positive results with general 

distress measures may be due to the presence of depression rather than anxiety, and more 

work is needed to try and separate the effects.

In summary, the literature on the effect of anxiety on CHD is difficult to interpret given the 

imprecision in the definition of exposure variables. None of the studies provide an 

estimate of the effect size of clinical anxiety disorders, and many use instruments that 

assess personality rather than current emotional state.
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Dose -response effect

The dose-response effect is of interest, both as an indicator of a true causal relationship and 

because of the enormous public health implications concerning potential interventions. 

Within the issue of dose-response there are two distinct questions: -

1. Is a clinical diagnosis of depressive or anxiety illness required for elevated risk?

2. If risk is shown to be present in those with symptoms alone, does it increase from 

baseline or show a threshold effect?

In order to examine the issue of clinical illness a two-stage design is required so that those 

scoring above a screening threshold then undergo a diagnostic interview. A comparison of 

CHD risk should then be made in those scoring below threshold, above threshold but not 

confirmed at interview, and those with clinical illness.

The dose-response issue has been better studied in relation to depression. Only one 

aetiological study has presented data in an optimum format^^. Penninx showed that the 

excess cardiac risk was twice as high in the group with clinical depressive illness as in the 

group with elevated symptoms alone. Pratt compared a group with dysphoria to those with 

major depression and reported fully adjusted relative risk of 2.06 [95% Cl 1.15-3.72] and 

4.14 [1.48-11.62] respectively^^. Rugulies’ m e t a - a n a l y s i s o n  only 13 studies, reported a 

relative risk of 1.49 [1.16-1.92] for depressive symptoms and 2.69 [1.63-4.43] for clinical 

depression. The effect size for symptoms may be inflated, as these studies (not of optimal 

design) will have included participants with clinical depression in this group. Ferketich 

reported CHD risk across the whole range of symptom scores, using the CES-D, and 

indicated that the risk did not increase until a threshold level, close to that recognised for 

screening purposes^ \  Other investigators have used the symptom score as continuous 

measure, indicating an effect as the score increases from baseline*

The depression prognostic studies also support a dose-response effect with two recent 

studies reporting a greater effect with increasing symptom score* *̂  ̂ Both the studies 

reported that increases in risk were seen in BDI scores well below the accepted screening 

threshold, indicating that even minimal symptoms increase risk. By contrast, Jiang et al
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separated clinical depression from those with a high symptom score alone and found no 

effect for those with only an elevated symptom score’

Dose-response effect is much harder to assess in the anxiety literature. Since no clinical 

diagnoses are included, the first question cannot be addressed. Some of the positive 

aetiological studies indicate that risk is distributed across the whole range of symptoms 

and others that it is restricted to higher s c o r e s T h e  variety of measurement instruments 

used precludes any systematic examination of the data.

Despite a few discrepancies concerning the effect of severity on CHD, there seems to be 

good evidence that depressive symptoms short of those required for a diagnosis of 

depressive illness do pose a risk for future CHD, but that the risk associated with clinical 

illness is greater. The importance of clinical anxiety cannot be assessed in the available 

data. It is also unclear, at present, whether the increase in risk is distributed across the 

whole range of either anxiety or depressive symptom scores.

II.2.3 Evidence for psychological distress acting to promote atherogenesis: first 

atherogenic model

This model would predict: -

a. long-term effect of psychological distress on future CHD.

b. effect apparent in those with no evidence of cardiac disease at baseline.

c. effect independent of risk factors not on the causal pathway.

Depression studies

Most of the aetiological studies have a follow-up period of at least five years. Some studies 

have demonstrated very long-term effects, of up to forty years^^’ The persistence of the 

effect over such long periods of time has lead some of these investigators to question 

whether the effect is due to a transient state or a more stable personality trait*’’.

Study populations were usually restricted to those with no evidence of cardiac disease at 

baseline, but this was often by fairly crude indicators such as self-report or doctor 

diagnosis. ECG abnormality did not usually lead to exclusion. One exception is Barefoot’s

38



study where some analyses omitted subjects with ECG abnormalities and the effect of 

depression persisted^®. It is certainly possible that many study populations have included 

people with quite advanced undiagnosed atherosclerosis, but the length of effect argues 

against acceleration of underlying disease as the main mechanism. Other studies^* 

excluded cases occurring within the first few months or years of follow-up to eliminate 

such short-term effects.

The studies adjusted for most conventional CHD risk factors, such as other physical 

illness, health behaviours, blood pressure, obesity and lipid profiles. This adjustment did 

not reduce the effect size greatly and in some cases the effect was strengthened^^’ 

suggesting that the effect of depressive symptoms on CHD is not mediated by any of these 

conventional risk factors. There is some evidence of an interaction with smoking, with the 

risk associated with depressive symptoms increased in smokers^^’ Although adjustment 

for CHD risk factors did not decrease the effect size, adjustment for self-reported health or 

functional status often reduced the effect greatly, such that it became non-significant^"*’ It 

has been suggested that this is because such measures also detect depressive symptoms and 

hence adjustment is an over-correction’**̂.

Anxietv studies

Most of the aetiological studies have a follow-up period of five years or more. The length 

of follow-up is a topical issue in anxiety research since Haines et al reported that the effect 

of phobic anxiety on fatal IHD seen in the 10 year follow-up from Northwick Park was no 

longer apparent after 20 years of follow-up, with a linear trend in the decline of the effect 

over time^^. They suggest this may be due to variations in phobic anxiety over time, 

whereas the sustained risk associated with obsessional neurosis or somatic complaints may 

relate to stable personality traits. It is therefore of interest that Kawachi’s positive study of 

phobic anxiety had only two years of follow-up”*̂ . Neither study cohort for phobic anxiety 

had extensive baseline investigations, so that it is possible that men with underlying 

ischaemia were included in the population at risk.

Unlike depression, there is evidence from two anxiety studies that adjusting for 

conventional risk factors weakened the effect of anxiety This suggests that anxiety
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may be acting through established risk factors, but this does not necessarily reduce its 

importance in the aetiology of CHD.

In summarv, reports in the literature are consistent with depressive symptoms having a 

long-term, atherogenic effect on CHD independent of underlying disease and established 

risk factors. Findings with anxiety are more varied and less supportive of an atherogenic 

effect, with some evidence that phobic anxiety has a relatively short-term effect. Other 

findings suggest that anxiety may work, in part, via established risk factors. The prolonged 

duration of the effect in some studies from a single exposure time-point has raised 

questions about the precise nature of the depressive and anxiety features measured. 

Longitudinal exposure data on the persistence of distress symptoms and its effect on CHD 

risk are required to address these questions*'^'.

II.2.4 Evidence for psychological distress accelerating the progression of established 

atherosclerosis: second model

The expected features of this model are: -

a. interaction seen between baseline underlying disease and psychological 

distress, with the effect of distress stronger in those with evidence of 

underlying disease.

b. shorter duration of effect, perhaps two to five years.

The prognostic studies, by definition, examine the effect of anxiety and depressive 

symptoms on established, clinical CHD. This may be post-infarction, after another type of 

acute event or in subjects with angiographically confirmed disease.

Depression studies

The effect size of depression appears to be larger in the prognostic studies than those in the 

aetiological studies (range of relative risks of two to five), which would support this 

second model, but comparisons between studies in different populations are unreliable. 

Most of the aetiological studies in healthy populations exclude those with baseline disease 

or early events so that data for such comparison are not available.
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Only two studies have published results stratified by baseline disease status and 

interactions were not tested. Aromaa et al indicated that the effect of depression was 

stronger in those with baseline disease^^, whereas Penninx found similar effect sizes^^. 

Both of these papers stratified by overt disease, not subclinical measures.

Anxietv studies

One interpretation of the findings relating to phobic anxiety is that anxiety is triggering an 

arrhythmic event in those with underlying ischaemia, an example of the second model. 

However this has not been demonstrated by comparing the effect in groups with and 

without underlying ischaemia, and the 10 year effect reported by Haines et al is longer than 

might be expected^^. There are no data to address this question with other anxiety 

constructs.

Other evidence

Collateral support for the model of distress symptoms acting to accelerate established 

disease comes from other psychosocial variables. Everson, studying the effect of 

hopelessness on atherosclerosis progression, found that the effect was restricted to those 

with more advanced atherosclerosis at baseline, as assessed by intima-media thickness

The question of whether psychological distress acts by accelerating the progression of 

underlying atherosclerosis or ischaemia is largely unanswered, and there is a need for 

additional studies to address this issue.

Increased detection

Another formulation of the second model involves psychological distress acting to increase 

the recognition of disease, but not affecting the pathogenesis at all. This is an example of 

reporting or detection bias and has been argued by Macleod and Davey Smith in their 

critique of the psychosocial h y p o t h e s i s T h e  concept of reporting bias as a possible 

explanation of observed associations is not new, indeed it was the main message of 

Ostfeld's paper in 1964^\ In particular, it has been argued that neuroticism/negative 

affectivity leads to an increased awareness of somatic symptoms and hence increase in 

self-reported measures of ill-health, with little evidence of effect on more objective health 

measures^^’
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Most studies of anxiety and depression have used externally validated CHD endpoints, 

rather than self-reported events and it is difficult to envisage that increased detection could 

account for the reported increased risks of fatal CHD or ML However, even a clinician’s 

diagnosis of angina is subject to some discretion and it is the disparity in findings between 

angina and MI, with a significantly increased risk only for angina that forms the basis of 

the Macleod paper. Reviewing the aetiological studies, two studies on depression that have 

considered angina and Ml/fatal CHD separately have found a significant effect only for 

angina^^’ ^  and two found no association with either end-point*^*’ Some anxiety papers 

have only considered angina as an e n d p o i n t ' T h e  role of reporting bias in contributing 

to these associations cannot be excluded, but the literature contains many reports of 

associations between distress, particularly depression, and fatal CHD endpoints. Thus 

detection bias cannot explain all the reported findings.

It is important to be aware of increased detection as a possible explanation of any 

associations and to examine CHD endpoints separately where possible. It is also pertinent 

to bear in mind that the natural history and risk factors for angina differ from those for MI, 

and a different pattern of associations may reflect different pathophysiological pathways.

II.2.5 Evidence for the association between psychological distress and future CHD 

risk being confounded by underlying disease: third model

The expected features of this model are: -

a. short duration of effect.

b. strong associations between distress and measures of underlying disease.

c. reduction of distress effect when the distress: CHD association is adjusted for, or 

stratified by, underlying disease.

The confounding on which this model relies may occur either as result of psychological 

distress arising in response to physical symptoms or due to measurement issues. Since 

somatic symptoms are a feature of depression and anxiety, the psychological instrument 

used may actually detect physical illness. Aetiological studies in depression have 

attempted to eliminate these issues by excluding those with baseline disease, not analysing 

events in the first period of follow-up, or by removing somatic symptoms from depression
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scales^’. The associations between depressive symptoms and CHD persist despite these 

exclusions, which argues against confounding. Similarly, the long-term effects reported in 

several studies are difficult to reconcile with the confounded model. The effect of phobic 

anxiety on fatal CHD might be accounted for by such confounding, with symptoms of 

CHD leading to anxiety, but the fact that the effect persisted for 10 years is not supportive.

There are, however, other indications that some element of confounding remains in the 

aetiological studies. Several authors have found that it is only an increase in depressive 

symptoms that is associated with future CHD^^’ Similarly, Ariyo reported stronger 

associations between mean depression scores over six years of follow-up than for baseline 

depression scores^^. One obvious explanation for these findings is that depressive 

symptoms may be a response to subclinical or early disease rather than an aetiological 

factor, which is consistent with the third model.

Vital exhaustion, although distinct from depression, may be an example of the third model. 

Appels argues that this state of fatigue and mood changes may be a response to the final 

stage of chronic stress, with an increase in inflammatory processes^^’ Appels has

shown that amongst angioplasty patients, the exhausted/depressed had higher levels of 

inflammatory markers^^ and Kop has shown a similar pattern of associations in healthy 

men^^. They have also shown that the effect of YE persists for only two years and that it is 

the fatigue symptoms, rather than depressive symptoms, that are the most important 

predictors of subsequent CHD events^" ’̂ Recent opinion about the genesis of depressive 

symptoms suggest that dysregulation of the inflammatory system, resulting in an 

imbalance in brain cytokines, may cause depressive s y m p t o m s I t  could be argued 

that the increase in inflammatory processes involved in YE leads to progression in an 

existing atherosclerotic plaque (second acceleration model), but equally an increase in 

inflammation due to the progression of a plaque prior to an acute CHD event could lead to 

the symptoms o f YE, such as depression and fatigue (third confounded model). The 

direction of causality is a matter of debate "̂^ .̂

There are other explanations for the findings relating to the duration of depressive 

symptoms. Newly depressed mood may operate via different physiological pathways from 

chronic depressed mood. Chronic rather than new depressed mood has been shown to
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predict cancer’ and Barefoot proposed that the depressive symptoms in his study were 

best considered as chronic characteristics due to the long-lasting effect^^. It could be that 

new depressed mood acts later in the pathogenesis of CHD, whereas chronic mood, related 

to personality and showing a longer-term effect, is an atherogenic risk factor. The two 

studies where only new depressive symptoms predicted CHD both had a relatively short 

follow-up time of five years or less, perhaps insufficient to detect an atherogenic effect of 

chronic symptoms. These potential interactions between the duration of distress and the 

extent of underlying disease have not been examined in the literature.

The effect of persistence of anxiety symptoms has not been examined explicitly, although 

some studies study both state and trait anxiety in the STAI, with no clear pattern of more 

positive findings with one or the other.

The issue of confounding between distress symptoms and the severity of disease is very 

important for the prognostic studies, where reported effects could be easily explained if a 

more severe disease status was correlated with depressive symptoms. Most studies 

controlled for severity of disease, although in some cases this was crude. Measures used 

include left ventricular ejection fraction, Killip class and Peel index. Most studies have 

shown an association between anxiety or depressive symptoms and disease severity, and 

hence the effect sizes were reduced by adjustment. The possibility of residual confounding 

is a concern, since objective measures are unlikely to quantify disease status completely’ 

but it is unlikely that the strong and consistent effects reported are all due to residual 

confounding. If self-reported symptoms are used to assess disease severity rather than 

objective measures, this may lead to over-adjustment^^. Lesperance et al reported that 

baseline BDI scores were more important prognostically than scores one year after MI, and 

that, for those with higher initial scores, subsequent improvement made no difference to 

outcome. He suggests that BDI is measuring a stable facet of personality’̂ .̂

In summarv. the literature offers some support for the third model, but it is not possible to 

explain all the reported associations by this mechanism. The inflammatory effect of an 

incipient acute CHD event, producing fatigue and depressive symptoms, may account for 

the syndrome of vital exhaustion. A similar process may explain the findings related to 

new depressive symptoms, but there are other possible explanations, such as alternative
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pathways operating with transient symptoms accelerating underlying disease. The 

persistence of symptoms may be a useful tool to differentiate the effects of personality or 

more chronic distress from transient distress, and to explore their respective pathways of 

action.

II.2.6 Evidence for personality factors or other external psychosocial factors 

accounting for the association between psychological distress and CHD: fourth model

The expected features of this model are: -

a. strong associations between distress and other psychosocial risk factors.

b. effect of distress reduced either by adjustment for or stratification by psychosocial 

risk factors.

or

c. evidence of effect-modification, with distress only having an effect in the 

presence of certain psychosocial factors.

In this model, underlying personality factors or other psychosocial risk factors are 

responsible for the apparent association between psychological distress and CHD. This 

confounding depends on the association between distress and personality traits (such as 

hostility or negative affectivity) or external stressors (such as social position, marital status 

or life events). As discussed previously, distress symptom scores are correlated with 

personality scales, and the importance of external conditions as risk factors for distress 

disorders is well recognised. Differentiation from the first model, with stressors/personality 

factors leading to distress and then to CHD, will require stratification of the effect of these 

other psychosocial factors by distress, to show whether these factors lead to CHD in the 

absence of distress.

The aetiological studies have almost uniformly failed to address this issue, with none of 

them controlling for additional personality factors, although many do include social class 

or marital status as an adjustment variable. Haines et al reported that depression was no 

longer a significant predictor of CHD, when controlled for other dimensions on the 

CCEI^^. Some studies have attempted to identify the critical or toxic component of the 

depressive symptoms predicting CHD. These individual symptoms have also been termed 

noxious symptoms^"^ .̂ Anda showed that of the four questions used in the depression

45



subscale of General Well-Being Schedule, one question on hopelessness predicted CHD 

more strongly than the combined scale^^. Schulz, studying all-cause mortality in relation to 

depressive symptoms assessed on the CES-D found that the effect was restricted to two 

questions concerning finding things an effort and difficulty in getting going, which he 

termed motivational depletion. In a study of the GHQ-30 predicting mortality, Whittington 

and Huppert reported that failure to endorse positive items, such as finding it easy to get on 

with people or feeling that you were doing things well, accounted for much of the effect^ 

These studies partially answer the questions posed by the fourth model in that they identify 

the key symptoms required for the adverse effect on CHD. However they do not reveal 

whether these symptoms are short-term emotional states or part of a wider personality trait 

that is more stable over time.

Prognostic studies have paid more attention to the issue of confounding by other 

psychosocial factors, particularly the relationship between social isolation and depressive 

symptoms in the recovery after an acute coronary event. E rasu re-S m ith found  that high 

social support buffered the negative effect of depressive symptoms, but Horsten’̂  ̂ found 

no evidence for an interaction, and reported that depressive symptoms and social isolation 

predicted future events independently of each other. Kaufman examined both major 

depression (DIS definition) and hostility as predictors of survival post-MI and found a 

small effect of major depression, but no effect of hostility’ Denollet, using his construct 

of Type D personality, involving high negative affectivity and social inhibition, found no 

independent effect of either anxiety or depressive symptoms in predicting further events 

p o s t - M I G i v e n  the accepted high correlations between measures of negative affectivity, 

required for the definition of Type D, and symptom indices, this finding is not surprising’ .̂

The fourth model is largely unexplored in the literature. Attempts to unpick complex 

relationships between state and trait by using different questionnaires may be 

complemented by an approach based on the persistence of depressive symptoms, as 

described in the previous section (II.2.5). It may be that more persistent symptoms are 

more closely related to underlying personality traits, and that these have different 

mechanisms o f action.
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II.2.7 Intervention studies

The issues concerning the interpretation of high scores on depression symptom scales have 

been highlighted recently by negative findings from intervention studies. The findings that 

depressive symptoms or illness after MI increased mortality led to randomised trials to test 

whether interventions to reduce depression improved prognosis. These trials relied on the 

hypothesis that the effect of depressive symptoms or illness on the cardiovascular system 

was reversible.

An early trial by Frasure-Smith et al’ "̂̂ , M-HART, tested an intervention in post-MI 

patients, which was based on emotional support, advice and appropriate referrals. The 

population was not selected by symptoms of emotional distress. One-year results were 

disappointing with no overall survival improvement and evidence of higher all-cause and 

cardiac mortality in the women in the intervention group. Subsequent five year follow-up 

has shown that the intervention improved survival in men who were anxious at baseline 

but reduced survival in both men and women who tended to repress emotions. The 

findings emphasise the complex potential interactions between personality type and the 

effect of both distress and interventions*^^. Lesperance's observational study showed a 

minimal effect on mortality of an improvement in depression score (BDI) one year after 

Ml'^\

Two other important trials are ENRICHD and SADHART. ENRICHD tested the effect of 

an intervention based on cognitive behavioural therapy (CBT) on post-MI patients who 

met diagnostic criteria for major d e p r e s s i o n R e p o r t s  are not yet published but oral 

presentations at conferences (e.g. K. Freedland. Heart & Mind, Maastricht 2003) have 

reported that, although CBT improved depression, there was no effect on survival. The 

reduction in depression was less than anticipated, which may explain the lack of effect on 

CHD.

SADHART investigated the effect of sertraline treatment in patients with either MI or 

unstable angina and major depression. Although the primary research question was safety 

of the drug, there was only a non-significant decrease in rehospitalisation ra t es*The  

study did not have appropriate power for the investigation of prognosis and is best
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considered inconclusive. MIND - IT is a recent trial assessing the effect of anti-depressant 

therapy post-MI, but is in its early stages’ *̂.

Thus, despite some small positive s t u d i e s t h e  literature at present does not support that 

reversibility of the adverse effect of depression post-MI. One explanation of this is that the 

distress scales are measuring stable personality factors, or that the biological effects of a 

transient distress state in the immediate post-MI is itself irreversible. This is only 

speculation at present as the pathway of action of distress is unclear. These negative results 

emphasise the need to understand the mechanisms involved, so that interventions can be 

more focused.

II.2.8 Summary and unanswered research questions

Overall, the literature supports distress, particularly with depressive features, as an 

aetiological risk factor for CHD, acting independently of accepted risk factors. The 

literature review does not unequivocally confirm one particular model for the action of 

psychological distress on CHD. There is evidence to support both the atherogenic model 

and the acceleration model with some suggestion that different mechanisms may be 

involved. Some studies have shown a long-term effect over decades whilst others have 

demonstrated only a short-term effect related to new symptoms. Confounding by 

underlying CHD is not supported as a main mechanism (third model) but the role of 

underlying personality factors (fourth model) is largely unexplored. It remains unclear 

whether depressive symptoms are important in their own right, or represent part of wider 

personality constructs. Features of hopelessness and pessimistic thinking seem to be an 

important component. It is important to remain aware that the questionnaires employed are 

imprecise and may be detecting a combination of depressive and anxiety features, as well 

as underlying personality traits.

Areas identified for more research are: -

1. To identify components of risk and to separate the effects of anxiety and 

depression.

2. Persistence o f symptoms may be a useful way of examining both the role of 

personality and differing mechanisms, particularly relating to the role of underlying 

disease.
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3. It is clear that a clinical depressive illness is not required for the risk of 

CHD to be increased, but the risk seems to be higher in this group, compared to 

those with only elevated depressive symptoms. A dose-response effect for anxiety 

or more generalised distress has not been clearly established, nor whether risk is 

distributed across the whole range of either depressive or anxiety symptom scales.
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II.3 Potential pathways between psychological distress and the 
pathogenesis of CHD

11.3.1 Introduction

Although the association between psychological distress, especially depressive symptoms, 

and future CHD events is now well documented, the pathways and mechanisms involved 

are not yet established. Not only are the biological mediators unknown, but the site of 

action on the pathogenetic pathway of CHD is also unclear. Distress may be acting to 

promote atherogenesis in it early stages, contributing to the development of complicated 

plaque, increasing likelihood of an acute occlusion or triggering arrhythmic events. These 

distinctions are of crucial importance when differentiating the first and second conceptual 

models, and in planning potential interventions.

Reviews of potential pathways have tended to highlight three likely mechanisms^^’ heart 

rate variability; platelet activation; and activation of the hypothalamic pituitary axis. Other 

important potential mechanisms are health behaviours and the regulation of inflammatory 

processes. In this section, the evidence for these candidate pathways is briefly summarised 

and the availability of relevant data within the Whitehall II study indicated.

11.3.2 Health behaviours

The potential role of health related behaviours in mediating the association between 

psychological distress and CHD has been of concern to many investigators. In general, the 

reported associations are controlled for health behaviours, and the independence 

demonstrated does not support health behaviours as a main mediating pathway, 

particularly for depressive symptoms. As discussed previously, there is less evidence that 

the effect of anxiety on future CHD is independent of health behaviours and other 

conventional risk factors.

Kuper et al reported a high concordance between adjusted and unadjusted analyses in 

aetiological studies of depression, with some studies finding the effects were strengthened 

on adjustment^^. Uncertainty remains regarding the completeness of this control, 

particularly over long periods of follow-up. Few studies allow for change in behaviour 

over time. Many investigators control for a range of risk factors, including biomedical

50



factors, such as cholesterol and blood pressure, in the same models as a group of health 

behaviours, so that it is not possible to assess the individual effects of health behaviours 

such as smoking, alcohol consumption or physical exercise, on the distress: CHD 

association.

Smoking is of particular interest since there is good evidence that psychological distress is 

associated with higher levels of smoking in cross-sectional data'^^ and, especially 

important in a longitudinal study, distress makes cessation less likely^ In addition, some 

work has indicated interactions with the risk associated with depressive symptoms was 

higher in smokers^^. This is consistent with the finding that major depression was 

associated with an increase in WBC count only in smokers Such interactions have not 

been extensively investigated.

Lack of physical exercise has also been shown to be associated with depressive 

s y m p t o m s ' T h e  wider literature focuses on exercise as a potential treatment for 

psychological d i s t r e s s ' a n d  within the aetiological studies of distress and CHD the 

mediating or confounding role of exercise is not highlighted.

Other work has shown that health behaviours may be important in mediating the effect of 

other psychological factors such as h os t i l i t y ' Adhe r enc e  behaviour to treatment 

programs may account, in part, for the poor prognosis associated with depressive 

symptoms after CHD e v e n t s A l t h o u g h  the current literature suggests that they do not 

play an important role, especially in the action of depressive symptoms, health behaviours 

need to be considered in the examination of the effect of distress on future CHD, with 

allowance for change in behaviour over time where possible. Data on smoking behaviour, 

alcohol consumption and physical exercise were available within the Whitehall II study.

II.3.3 Heart rate variability (HRV)

This thesis will not analyse heart rate variability data directly but this mechanism is 

implicated in several pathways and may be important as a potential explanation for any 

observed associations.
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The heart rate is controlled by the autonomic nervous system with sympathetic (S) nerves 

increasing heart rate and parasympathetic (PS) fibres in the vagus nerve slowing the heart. 

Heart rate variability (HRV) refers to the beat-to-beat variation in the heart rate that occurs 

largely due to parasympathetic innervation. HRV is therefore a measure of 

sympathetic/parasympathetic balance and, since Askelrod described the method of power 

spectrum analysis, it has become an accessible technique for examining the influence of 

the autonomic nervous system on the heart

Decreased heart rate variability (HRV) is seen as a sign of distress analogous to the 

non-reactive fetal heart trace. Decreased HRV has been shown to be a predictor of 

mortality after and also to predict CHD incidence*'^ and all-cause mortality^

Resting heart rate is considered a crude measure of cardiac autonomic control and has 

also been shown to be an independent risk factor for CHD*^^. The suggested pathway for 

HRV is that increased sympathetic and decreased parasympathetic tone are associated with 

increased risk of arrhythmias via a direct effect on heart rate and because PS tone increases 

myocardial threshold and protects the heart against arrhythmias in acute ischaemia. HRV is 

therefore a mechanism that could contribute to an acute event at an advanced stage of 

atherosclerosis. It is not easy to envisage a direct role of HRV in the early development of 

atherosclerosis. Some authors have suggested that HRV, as a measure of cardiac vagal 

tone, is a marker of a wider dysregulation of the sympathetic/parasympathetic system and 

hence an index of stress^^^. This increased sympathetic drive would impact earlier in the 

pathogenesis of CHD. Increase in circulating catecholamines may change haemodynamics 

so that shear forces in arteries are increased, leading to endothelial injury and plaque 

development.

Research linking HRV with psychological distress has fallen into several groups: the role 

of HRV in mediating the association between distress symptoms and prognosis in 

established CHD; evidence for a disturbance of HRV in psychiatric populations; and 

studies linking psychological distress to altered HRV in healthy populations.

Research in cardiac patients provides the strongest evidence that HRV may be important 

in mediating the effect of anxiety or depressive symptoms on the heart. Frasure-Smith 

showed that depressive symptoms posed a greater risk in those with premature ventricular
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contractions (PVC), which predispose to life-threatening a r r h y t h m i a s S i n c e  then 

evidence has accumulated that CHD patients with depressive symptoms show disturbances 

in In a recent study, Carney reported that improvement of depressive

symptoms following cognitive behaviour therapy resulted in only modest improvement in 

HRV indices There is also evidence that anxiety may also be associated with decrease

in HRV. Frasure-Smith did not demonstrate an association between anxiety and 

arrhythmic d e a t h s b u t  Moser found a higher prevalence of ventricular fibrillation 

associated with anxiety during the hospital stay of post-infarct patients^^\ A recent study 

by Watkins has raised the issue of whether associations between depressive symptoms and 

reduced HRV may be due to co-morbid anxiety, demonstrating that reduced baroreflex 

cardiac control was related to anxiety but not depression in post-MI patients’*^.The 

previous studies showing an association between HRV and depression had not adjusted for 

anxiety.

An important role for anxiety influencing HRV is supported by studies on psychiatric 

patients. Evidence linking reduced HRV to depressive illness in non-cardiac patients is 

patchy and contradictory. The role of anxiety seems to be more important even in 

populations of patients with major depressive illness’ Additional studies on anxiety 

patients give further evidence of reduced HRV, in both generalised anxiety disorder’ and 

panic disorder’ The published studies are very small, often with highly selected 

populations, including volunteer groups, and give few details concerning the selection of 

controls.

There have been few studies in non-clinical populations, using similar measures of 

depressive symptoms to those that have been shown to predict CHD incidence, and the 

published are often s m a l l R e p o r t s  are contradictory, but there is evidence of reduced 

HRV in men and women with a high score on the BDl’^’. In an important study in healthy 

men, Kawachi demonstrated a linear trend with decreasing HRV with increasing scores on 

the CCEI phobic anxiety scale’^̂ . The effect was apparent across the whole range of 

scores. Together with the findings that phobic anxiety predicted sudden cardiac death, this 

is consistent with the hypothesis that the high levels of anxiety experienced in phobic 

attacks increase the risk of sudden cardiac death by altering HRV.
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Summary

There is evidence linking anxiety to reduced heart rate variability in both non-clinical and 

patient populations. It is at present unclear whether similar associations with depressive 

symptoms, which have been demonstrated convincingly only in cardiac patients, are 

independent of co-morbid anxiety. This emphasises the importance of, and difficulty in, 

separating the effects of the different components of distress. A review of psychosocial 

influences on cardiac autonomic function reported positive associations across a range of 

psychosocial variables, indicating a lack of specificity in the observed associations*^^.

All studies were cross-sectional and subsequent CHD events were not analysed, so that the 

effect of these variations on subsequent prognosis is only speculation at present. The 

current data on HRV are more compatible with the second acceleration model, rather than 

an atherogenic role.

II.3.4 Hypothalamic-pituitary-adrenal (HPA) axis and the metabolic syndrome (MS) 

The hypothalamic-pituitary-adrenal axis controls the release of cortisol, a steroid 

hormone that is crucial in the stress response, but also is involved in the homeostasis of 

many physiological systems. The pathway starts in the limbic system of the brain, which 

stimulates the paraventricular nucleus in the hypothalamus to release corticotrophin- 

releasing hormone (CRH) into the hypophyseal portal system, which then stimulates the 

anterior pituitary gland to release adrenocorticotrophic hormone (ACTH) into the blood 

stream. This, in turn, stimulates cortisol release from the zona fasciculata of the adrenal 

cortex. Cortisol is a stress hormone. It promotes the breakdown of fat and muscle to 

release glucose and inhibits glucose uptake into cells, opposing the action of insulin. It 

increases appetite and leads to fat deposition in the trunk. In excess, it increases blood 

pressure. It suppresses the immune response and excess can lead to serious infections.

The metabolic syndrome (MS)) is a cluster of adverse risk factors, comprising increased 

blood pressure; central obesity; high plasma triglyceride; low HDL cholesterol; and insulin 

resistance*^"*’ *̂ .̂ It is a recognised risk factor for CHD and the metabolic disturbances in 

the MS are implicated in atherogenesis, so that it is likely to be acting early in the 

pathogenesis of CHD.
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Bjomtorp and others argue that HPA activation and an increase in cortisol production are 

central to the development of the Research to examine this has focused on the link

between central obesity and exaggerated cortisol responses to either mental stressors or 

CRH stimulation'^^. This has been interpreted as evidence that stressors are involved in 

MS development via HPA activation. Other studies have found associations between 

central obesity, blood pressure and the sympathetic nervous system, indicating sympathetic 

influence on the MS, but have suggested that insulin resistance may lead to sympathetic 

activation rather be produced by it'^^’ Recent debate has concentrated on whether the 

association between the HPA axis and the MS reflects a defeat reaction rather than a 

defence reaction. The initial defence reaction to stress is to activate the pathways, but after 

prolonged stress the system becomes exhausted, resulting in a so-called defeat reaction, 

with an inadequate HPA response resulting in hypocortisolism and increases in 

inflammatory processes''^*’ This would be compatible with current ideas concerning 

and mirrors some of Chrousos’ models of HPA activation and suppression in relation 

to stress^"'.

An increase in cortisol levels in some depressed patients is one of the most consistent 

findings in biological psychiatry and hence HPA activation has always been considered as 

a likely mediator between depressive illness/symptoms and CHD. Most of the available 

data focuses on depressive symptoms rather than anxiety.

Evidence linking depression to the HPA axis has been extensively reviewed ’ . The

dexamethasone suppression test (DST) may be the closest available to a biological test for 

depression^""'. This test shows that the usual negative feedback of ACTH-cortisol 

production in response to a glucocorticoid load (dexamethasone) is diminished in some 

cases of depressive illness. Studies into neurotransmitters and CNS pathways are beyond 

the scope of this thesis, but in summary HPA activation in depressive illness is thought to 

be in three parts: increase in central drive (via either CRH or arginine vasopressin); 

decreased negative feedback by glucocorticoids at the pituitary and hypothalamus; and 

adrenal hypertrophy^"^. The conventional view has been that monoaminergic disturbances, 

involving noradrenaline or serotonin in the CNS, resulting from depressive illness, lead to 

these changes in the HPA axis. More recently it has been argued that the causation may 

work in reverse, with HPA activation in response to stress leading to the neurotransmitter
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changes in the CNS, including inflammatory cytokines, which then cause depressive 

illness'"*-

Much of the research on depressive illness and HPA axis is unrelated to the hypothesis that 

the HPA axis mediates the association between distress and CHD. Several important points 

remain unresolved before this can be proven as a mechanism, including demonstrating 

HPA abnormalities in wider populations and linking such HPA activation to an accepted 

CHD risk factor. One postulated pathway to CHD requires that links from distress 

symptoms to HPA activation and then to features of the MS be demonstrated.

Depressive svmptoms: HPA activation

Studies of HPA activation, as assessed by the DST, in depression were initially restricted 

to a subgroup of clinically depressed patients, often with what is described as the 

melancholic or endogenous form of the illness. Major depression has also been shown to 

be associated with the sequelae of HPA activation, such as reduced bone density^^^’ and 

with increased adrenal gland sizê ®*. However, an increase in cortisol production has not 

been demonstrated in all patients with depressive illness, and certainly not across the range 

of depressive symptoms that have been shown to predict CHD. Studies examining the 

HPA axis in broader populations have methodological problems due to the complexity of 

the measures involved. Some investigators have assessed cortisol reactivity using salivary 

cortisol, since delayed recovery of cortisol after stress may be a marker of allostatic 

load̂ ^®. Findings have been contradictory with persistent cortisol responses associated with 

a range of psychological measures, including depressive symptoms^^^’ *̂̂  and anxiety

Depression: MS

Evidence for associations between depressive symptoms and the components of the MS is 

also contradictory. Depressive symptoms may be associated with central obesity^^^’ and 

have been linked to both high and low blood pressure, although the longitudinal studies 

give more support to an association between depressive symptoms and future 

hypertension^ ̂

Research on the association between depressive symptoms and cholesterol has focused on 

the association between low cholesterol levels and depression, with regard to the possible
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hazards of cholesterol lowering therapy. The direction of causation has been debated, but 

the association has been found consistently^’ Some work has indicated that there is a 

greater reduction in HDL than in LDL cholesterol associated with depression^’ which is 

consistent with the MS pathway mediating in the increased CHD risk.

Other psychological characteristics have been linked to the MS, including hostility and 

social class^^’ which suggests that it may be a potential mediator between stress and CHD.

Whole pathway

There has been little work to include depressive symptoms in the analysis of associations 

between HPA activation and the MS. Katz et al found that the relationship between CRH 

response and central obesity in men was independent of depressive symptoms^^^. Rosmond 

and Bjomtop identified a subgroup of obese men in which a blunted dexamethasone 

response was linked to symptoms of anxiety and depression^^^. In one small cross- 

sectional study in men, vital exhaustion was linked to both HPA activation and MS 

variables^^'’. More research examining the whole pathway is required, ideally with 

longitudinal assessment of the development of risk factors and future CHD events.

In summary, the pathway from psychological distress, including depressive symptoms, to 

HPA activation or suppression and then to features of the MS has not been established. 

Other psychological variables may impact on this pathway and there is no support for a 

specific effect of distress. Current studies have been mainly cross-sectional and small, due 

to the nature of tests involved. Larger studies using HPA axis measures are impractical but 

large longitudinal studies examining the clustering of MS variables and distress symptoms 

would make a contribution to the debate. Within the Whitehall II study, data were 

available, at Phase 3, on components of the MS, including waist-hip ratio, body mass 

index, glucose tolerance tests, triglyceride and HDL cholesterol.

II.3.5 Inflammatory system

There is growing acceptance in CHD epidemiology that atherosclerosis is, in part, an 

inflammatory process. Evidence comes from basic science, where a role for inflammation 

has been established in all stages of atherosclerosis, from plaque initiation through to 

progression and finally thrombotic complications. T-cell leucocytes and macrophages
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invade the arterial wall and inflammatory cytokines attract other cells and stimulate cell 

differentiations^^’ Epidemiological evidence is supportive with reports of increasing 

white blood cell (WBC) count and acute phase proteins, such as fibrinogen and C-reactive 

protein, and decreasing albumin predicting future CHD events^^^’

Traditionally, stress and depression have been associated with impaired immune function 

and HPA axis activation, leading to increased susceptibility to infections. In recent years 

there has been increasing evidence of immune activation in both major depression and 

stressful circumstances. A recent meta-analysis by Zorrilla^^^ listed inflammatory system 

abnormalities found consistently in depressed patients that include: -

a. raised WBC count, with an increase in both absolute and relative neutrophil counts and 

a decrease in relative lymphocyte count^^^’^̂ ^

b. increase in positive acute phase proteins, such as haptoglobin

c. increase in IL-6

The studies included in the meta-analysis usually involved small numbers of clinically 

depressed patients. Evidence linking these abnormalities to depressive symptoms in more 

general populations is more limited. Some studies have shown increases in IL-6 levels 

associated with mood changes^^^ and depressive illness^^^ in community samples, but 

results with other inflammatory markers are more mixed^^^’ Confounding by other 

CHD risk factors remains an issue in these associations. The impact of anxiety or more 

generalised distress, rather than depression, on inflammatory markers has not been 

examined. Kop et al reported increased white blood cell count, fibrinogen and CRP levels 

in both depressed and exhausted subjects, although the increases in the depressed subjects 

were not significant after adjustment for other risk factors^^.

The existing evidence linking depression to CHD; inflammatory processes to CHD; and 

depression to inflammatory processes naturally leads to the proposal that the inflammatory 

system may mediate between stressors/depression and CHD. The resulting models, which 

lack empirical evidence, are complicated and involve two distinct concepts: -

1. Stress leads to activation of both the HPA axis and the immune system. In certain 

susceptible individuals, deficient feedback loops from glucocorticoids may lead to
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dysregulation with co-existence of hypercortisolaemia and elevated circulating 

cytokines and acute phase proteins. The hypersecretion of cytokines leads to the 

development of depression and distress^^^’

2. The resulting immune activation, and in particular elevated cytokines, leads to 

increased risk of CHD working via various pathways such as insulin resistance and 

dyslipidaemia^^^ or directly on atherosclerosis development^^

There is, as yet, no epidemiological evidence to support these models by demonstrating 

that inflammatory markers mediate in the association between distress and subsequent 

CHD. Within the Whitehall II study, data were available on white blood cell count (Phase 

1 only) and fibrinogen.

II.3.6 Blood coagulation and platelet activation

Platelet activation has also been proposed as a candidate mechanism to link depressive 

symptoms with CHD development. Platelets are centrally involved in haemostasis and 

thrombosis and have been shown to be involved in the development of atherosclerotic 

lesions, as well as in acute coronary events^*’ Local inflammatory products and more 

general sympathetic stimulation control platelet adhesion and activation. Plasma 

noradrenaline acts on platelets directly, but platelets may also be influenced by shear stress 

within vessels. In addition to platelets, other components of haemostatic function have 

been implicated in the pathogenesis of CHD. A hypercoagulable state results from an 

imbalance between pro-coagulant and anti-coagulant molecules. Hypercoagulability may 

be assessed by measures such as an increase in plasma fibrinogen; or a decrease in fibrin 

degradation products, such as D-dimer and other indicators of fibrinolysis^"^^. There is 

evidence that these imbalances in blood coagulation are related to the insulin resistance 

syndrome and obesity^"^*’ Platelets and hypercoagulability have been associated with 

both the development of atherosclerosis and the precipitation of acute events i.e. they are 

both atherogenic and thrombogenic risk factors for CHD. It is clear that this pathway is 

closely related to the inflammatory pathway.

Platelets have been considered a possible link between psychological stress and CHD for 

some time and associations between measures of platelet activation and stressful taskŝ "̂ ^
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and hostility have been demonstrated^^"^’ Recent papers have focused on depression and 

these consist mainly of small cross-sectional studies comparing patients with a psychiatric 

diagnosis of major depression with a group of selected controls. These reports have 

consistently demonstrated that markers of platelet activation are increased in the depressed 

group, both in patients free of any evidence of heart disease '̂^^’ and in those with 

symptomatic There is some evidence of a dose-response effect with a higher score

on the cognitive symptoms of depression associated with more marked activation^^^. It is 

unclear to what degree these findings are confounded by other differences between the 

depressed group and the controls, particularly tobacco use. The effect of pharmacological 

treatment of depressive illness has been examined, although not in controlled studies. Two 

papers have reported that platelet markers normalise on treatment of depression^"^  ̂ but 

others have found that the abnormalities were not reversible^^’.

There have been few recent reports of the relationship between depressive symptoms and 

fibrinolysis or other markers of hypercoagulability. Several studies have reported 

associations with fibrinogen or other clotting variables, but it is unclear how independent 

these are of other CHD risk factors^*’ and not all reports are positive^"^'’ There

is more evidence linking hypercoagulability to other psychological risk factors such job 

strain and low SES. Recent work has shown that the association between vital exhaustion
241and impaired fibrinolysis may be mediated by MS variables

These results show that platelets and hypercoagulability may be involved in the pathway 

between depressive symptoms and CHD. Further work is needed to demonstrate these 

differences across a wider range of symptoms in healthy populations and with more 

complete control for confounders. The role of anxiety has been relatively neglected. It is 

clear that these pathways may be closely related to others, such as inflammation, 

sympathetic drive and the MS. The current literature does not examine whether the link 

with depressive symptoms is specific and independent of anxiety and other psychological 

risk factors. Within Whitehall II, fibrinogen was measured at Phase 1 (subsample only) and 

Phase 3.
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II.3.7 Left ventricular mass (LVM)

Left ventricular mass (LVM) is a risk factor for CHD that was first recognised in the 

Framingham study. It has been shown that when LVM is indexed to body size, those with 

a mass more than two standard deviations above the norm for healthy populations are at 

increased risk of CHD, and this is independent of all other risk factors^^^’ The 

determinants of LVM are not fully understood. African race, male sex, high blood pressure 

and obesity are related but these factors only explain 50% of the variation^^^. Increased 

LVM has been linked to decreased HRV in both patient^^^ and healthy populations^^^, and 

to the The mechanism by which LVM increases the risk of CHD is also unclear.

The increase in myocardial mass will clearly increase demand for oxygen and reduce 

reserve, and this will act late in the pathogenesis of CHD events. LVM may also be 

interpreted as measure of subclinical disease as it has been correlated with extra cardiac 

atherosclerosis^^^’

Little attention has, as yet, been paid to LVM as a candidate for mediating the association 

between psychological risk factors and CHD. However, since it is related to indices of 

allostatic load, such as HRV, sympathetic drive and the MS, this role is plausible. 

Increased LVM has been associated with anxiety scores in hypertensive subjects^ '̂^ and to 

measures of job strain^^^’ One cross-sectional study has shown a weak association 

between LVM and depressive symptoms^^^. The topic merits further study. The Whitehall 

II study contained an ECG-derived measure of LVM from the Phase 1 examination.

II.3.8 Summary and unanswered research questions

In summary, it is clear that these apparently distinct mechanisms are likely to be related. 

Central nervous system activation of the two main stress pathways of the HPA axis and the 

sympathetic nervous system are related, although the neurotransmitters involved have not 

been fully described. Thus there is likely to be a state of combined sympathoadrenal 

hyperactivity in psychological distress. Platelet activation may be promoted by the 

resulting increase in catecholamines. HPA activation or the autonomic nervous system 

may be important in the genesis of the MS, which is itself linked to hypercoagulability as 

well as dyslipidaemia. Although the exact nature of relationships have not been delineated, 

it is increasingly accepted that imbalances in these pathways occur together and have been
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described as allostatic load, indicating a chronic shift in the body’s homeostatic systems to 

deal with perceived stress^® ’̂ Siever described similar concepts in his paper on the 

dysregulation theory of depression^^^. Many associations between different measures of 

psychological stress and the various indices of allostatic load have been reported. This is 

important in relation to the fourth model and the extent to which any observed association 

between distress and heart disease is confounded by other stressors.

Evidence is strongest to support a role for HRV in mediating the association between 

anxiety and CHD, although this is most likely to be in established CHD. There are 

promising associations between distress, inflammatory markers and platelet activation but 

similar problems with the current literature occur in all the potential pathways.

1. The current research findings need to be generalised to non-clinical populations and 

across the range of symptoms. The suggested abnormalities not have been demonstrated in 

populations equivalent to those shown to be at risk for CHD.

2. Anxiety has been neglected in the investigation of many pathways, except for HRV 

where it may be of greater importance than depression.

3. These pathways have been implicated in the effect of many other psychological risk 

factors and the relationship between the postulated pathway variables and distress 

symptoms and these other risk factors needs to assessed, both for independence of effects 

and for possible interactions. The potential differences represented by persistence of 

depressive symptoms may be important in this regard.

4. To date, links between distress symptoms and pathway variables have been examined 

mainly in cross-sectional studies. Investigators have not been able to include subsequent 

CHD events in the analyses. Thus, the extent to which these pathways actually explain the 

effect of distress on CHD has not been examined.

5. There is a need to explore possible interactions between potential pathway variables 

and distress symptoms i.e. whether distress symptoms pose more risk in certain subgroups 

defined by e.g. MS variables.
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Chapter III 

Hypothesis and objectives

III.l Hypothesis under study

Men and women who report psychological distress are at a higher risk of future CHD than 

those who have never reported such symptoms. The risk differs according to whether the 

symptoms are transient or more persistent and includes differences in the: -

a. importance of underlying coronary heart disease.

b. relationship to other psychological risk factors.

c. pathways involved in mediating the risk.

IIL2 Objectives

This hypothesis will be tested in the population of the Whitehall II study. Where possible 

all analyses will be performed separately in men and women. Specific objectives are

a. to describe the risk of future CHD in groups defined by the pattern of 

reporting of psychological distress on the GHQ-30.

b. to assess the importance of underlying coronary heart disease to the risk of 

CHD in these groups.

c. to assess the contribution of severity and of distinct factors within the GHQ- 

30 to the risk of CHD in these groups.

d. to assess the contribution of other psychological and social risk factors, 

such as hostility and social class, to the risk of CHD in these groups.

e. to investigate potential pathway variables in these groups, considering the 

role of health behaviours, components of the metabolic syndrome, left 

ventricular mass and inflammatory markers.
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Chapter IV 

Methods

IV. 1 The Whitehall II cohort
The Whitehall II study was established to continue the investigation of the social gradient 

in health. The first Whitehall study of male British civil servants found that after ten years 

of follow-up the highest employment grade had about one third the mortality rate of the 

lowest. This was not fully explained by conventional risk factors such as smoking, blood 

pressure, obesity and lipids. This implied that other factors were influencing mortality^^^. 

The Whitehall II study was set up to investigate the degree and causes of the social 

gradient in morbidity, to study additional factors related to the gradient in mortality and to 

include women. A new cohort of civil servants was established between 1985 and 1988. 

Particular attention was paid to psychosocial factors, which might influence health, with a 

focus on the work environment and social support. The General Health Questionnaire-30 

was included to assess mental health. The study was designed with CHD as a main 

outcome of interest^^'.

All non-industrial civil servants aged 35 to 55 years working in the London-based offices 

of twenty Civil Service departments were invited to participate in the study. The overall 

response rate, after excluding those who were ineligible was 73% (74% among men and 

71% among women). The true response rate is likely to be higher however, because around 

4% of the civil servants on the lists provided by the Civil Service had moved before the 

study and were therefore not eligible for inclusion. The response rate varied by 

employment grade of employment, being 81% in the three higher grades and 68% in the 

three lower grades. In total, 10308 civil servants participated, of whom 6895 were men and 

3413 were women. Ethical approval for the Whitehall II study was obtained from the 

University College London Medical School Committee on the ethics of human research.

The baseline survey. Phase 1, took place between November 1985 and March 1988. 

Participants completed questionnaires and attended a screening examination. Phases 2 and 

4 were postal questionnaires and Phases 3 and 5 were questionnaires together with a 

screening examination. The GHQ-30 was included in all phases, except Phase 4. The
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Phase 4 questionnaire was designed primarily to collect information on CHD endpoints. At 

Phase 3, a wider range of anthropometric and biochemical investigations were performed 

to allow assessment of the insulin resistance syndrome. The Phase 5 questionnaire repeated 

the detailed questions on CHD events from Phase 4. Figure IV. 1 summarises the follow-up 

of the Whitehall II study cohort since Phase 1.

IV.2 Exposure data -  the GHQ-30
The GHQ-30 was included in questionnaires at Phases 1, 2, 3 and 5 .̂ The four level 

responses for each question were arranged so that for all questions the later options 

represented adverse responses. The responses were coded both as modified Likert scores of

1-2-3-4; or as GHQ scores (0-0-1-1), with a response of worse or much worse than usual 

scoring 1 (see Table II. 1.1 on page 31). When scores were totalled over the entire 30 items 

during recoding, one missing answer was allowed for both these scores and the observed 

total was then multiplied by 1.035 (30/29). The questionnaire is included in Appendix 1.1.

Based on the previous validation study^^^, participants scoring 5 or above on the summed 

GHQ score were classified as cases and defined as having psychological distress. This 

threshold was used in both men and women and at all phases.

Factor analvsis

The term factor analysis is used here in its generic sense to describe analyses aiming to 

uncover the latent structure of a set of items or variables. In order to identify different 

aspects of psychological distress within the GHQ-30, a principal components analysis was 

performed. Principal components analysis is a variable reduction procedure which aims to 

see if the variance in a number of variables or items (here the 30 questions from the GHQ- 

30) can be explained by a smaller number of components, that can then be used to simplify 

subsequent analyses. The original items are standardised in the course of the analysis so 

that each item contributes one unit to the variance. The total variance is therefore equal to 

the number of original items, in this case 30.

The analysis starts by producing a correlation matrix, here 30x30,  which summarizes the 

relationship between the items. Components are identified on the basis of items that are 

highly correlated with each other. These components - which in line with common practice
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will be described here as factors - are assumed to represent or identify an underlying 

construct. For each participant, factor scores are calculated which describe how that 

individual has scored on each identified factor. The correlation of each item on the 

different factors are expressed as the factor loadings and those items with a loading of

0.50 or greater on a particular factor are used to describe the content of that factor. For 

each factor, the amount of variance in all the items explained by that factor is described by 

the eigenvalue. A low eigenvalue indicates that the factor is contributing little to the 

explanation of variance in the items. The eigenvalue of factor is calculated as the sum of 

the squared of factor loadings for each item on that factor.

The initial analysis produces a number of factors equal to the number of items, so in this 

case 30 factors. In order to determine how many of these factors are meaningful and 

worth retaining for analysis, two methods are commonly used. The Kaiser (or eigenvalue- 

one) criterion states that any factor with an eigenvalue of greater than one should be 

retained. The rational for this is that each item contributes one unit of variance to the total 

so that a factor with a eigenvalue of greater than one is accounting for more variance than 

one item. Alternatively, in a scree plot of the eigenvalues against factor number a break 

(or elbow) between factors with large and small eigenvalues is identified and factors 

above the break are retained.

A rotation is often applied to the retained factors in order to facilitate their interpretation.

A varimax rotation is an orthogonal rotation of the factor axes, which has the effect of 

increasing the differentiation between the items on different factors. It sharpens the 

distinction between factors by making loadings that were high after extraction higher, and 

loadings that were low become lower. The sum of the eigenvalue of the factors is not 

affected by rotation, but individual eigenvalues are altered.

The principal components analysis was carried out using SAS v 6.12 computer software 

(SAS, Cary, NC: USA) using Likert scores. This was repeated for Phases 1 and 3 and for 

both sexes together and separately. After examination of scree plots, factors were retained 

according to the Kaiser criteria of an Eigenvalue of greater than 1.0. At Phase 1, six factors 

were retained whilst at Phase 2 and 3 five factors were retained. At Phase 1, a five-factor 

solution was then imposed. A varimax rotation was then applied and items with loading
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greater than 0.5 were used to describe each factor. Factor scores from the varimax rotations 

at Phases 1 and 3 were used in subsequent analyses. These were calculated across both 

sexes and all items contributed to the scores. Scree plots from the unrotated solution and 

factor loadings from the varimax rotation from Phases 1 and 3 are summarised in 

Appendix III.

GHQ over time - definition of exposure groups

The GHQ-30 was included in each of Phases 1 to 3 and participants were divided into 

groups according to GHQ status at these phases. Different groups were defined for the

Phase 1 and Phase 3 baselines for CHD events, to enable precise differentiation of

exposure groups.

Analyses from Phase 1 included participants who completed the GHQ-30 at Phase 1 and at 

least one of Phase 2 or 3 and compared the following groups: -

GHQ raised (i.e. a score of 5 or over) at 

never none

early Phase 1 only

recurrent Phase 1 and at least one of Phase 2 or 3

Individuals who developed a raised GHQ later than Phase 1 were not included in these

analyses

Analyses from the Phase 3 baseline included participants who had completed the GHQ-30 

at Phase 1 and 3, with or without Phase 2. The groups compared were: - 

GHQ raised (i.e. a score of 5 or over) at 

never none

new Phase 3 only

persistent Phase 3 and at least one of Phases 1 or 2

former Phase 1 or 2 but not Phase 3

These groups are summarised in in Tables IV. 1.a and b. (Table AV.l in Appendix V 

contains a more detailed description of the construction of the distress groups). The
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recurrent group from Phase 1 and the persistent group from Phase 3 overlap, with 908 

participants belonging to both groups. In addition, the recurrent group from Phase 1 

included those with distress at Phase 1 and 2 and not Phase 3 whereas the persistent group 

included those with distress at Phase 2 and 3 and not Phase 1. This distinction allows extra 

information from Phase 2 to be included into the definition of groups and reduces 

misclassification. Similarly, the early distress group at Phase 1 and the former distress 

group at Phase 3 overlap, with 881 participants belonging to both groups.

IV.3 CHD events: ascertainment and validation

The endpoints for analysis in this thesis are non-fatal MI (symptomatic and silent); fatal 

CHD; and angina pectoris (chronic stable or unstable). Full details of the ascertainment, 

case definition and validation are given elsewhere but are summarised herê "̂̂ .

iy.3.1 Ascertainment of potential cases

The sources of data to ascertain potential CHD cases were questionnaires, ECG’s at Phases 

1, 3 and 5; sickness absence records; and death certificates.

Questionnaire

At each study phase, positive responses to any of the following questionnaire items 

indicated a potential case. The relevant questions are included in Appendix 1.2.

1. Symptoms: Rose angina, or prolonged chest pain, which the doctor indicated was 

angina or MI or unspecified^^^. The Rose questionnaire angina was assessed using standard 

criteria, i.e. pain located over the sternum or in both left chest and arm, that comes on with 

exertion, causes the person to stop and goes away in 10 minutes or less.

2. Diagnosis investigation or treatment: (Phases 4 and 5 only)

a. “Has a doctor ever told you that you have angina/heart attack?”

b. “Have you ever had any of the following: An exercise ECG (treadmill test). 

Angioplasty of coronary arteries (balloon treatment for angina). Coronary 

artery bypass graft (CABG). An admission to hospital with chest pain, 

angina or heart attack”.
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c. “Have you had heart trouble suspected confirmed by your GP or hospital 

doctor?”, with a self-reported diagnosis of angina or ML 

The name and institutional address of GP or hospital consultant were obtained for clinical 

record validation.

3. General questions: on longstanding illness (coded as angina or MI), prescribed 

medication within last fourteen days (coded as nitrates) and hospital admissions during the 

last 12 months (coded as angina, MI, angiography, angioplasty or CABG).

Studv electrocardiograms

12 lead resting ECGs were performed at Phases 1, 3 and 5 using a Seimans Mingorec 4 

ECG machine. The digitised images were transferred electronically to Professor 

Macfarlane’s laboratory in the Department of Medical Cardiology, University of Glasgow, 

where Minnesota codes (MC) were assigned by computer^^^ The presence of any of the 

following Minnesota codes on the computer coding was taken as evidence of ischaemia: 

diagnostic Q waves (MC: all 1-1, 1-2-1 to 1-2-5, and 1-2-7); equivocal Q waves (MC: 1-

2-8 and all 1-3); ST segment depression (MC: 4-1 to 4-3); T wave inversion (MC: 5-1 to 5- 

3); or left bundle branch block (MC: 7-1-1). All computer abnormals, and a sample of 

computer normals, were reviewed by an experienced manual Minnesota coder to confirm 

the computer code and to exclude technically poor readings. The ECG’s were classified by 

a combination of computer and manual coding. Manual MC’s were assigned if there was a 

computer code for ischaemia.

A lower prevalence of ECG abnormalities was noted at Phase 3 compared to Phase 1. The 

overall prevalence of ischaemic abnormalities at Phase 1 was 6.1% in men and 7.0% in 

women, and 5.1% and 4.3% respectively at Phase 3, despite the population being on 

average five years older. Validation studies have shown that changes in manual coder 

between Phase 1 and 3 led to a lower proportion of computer abnormals being confirmed 

at Phase 3.

Mortalitv records

10293 members of the study population (99.8% of the total) were flagged at the National 

Health Service (NHS) central registry at Southport, using NHS number as a unique 

identifier. The study receives notification of any deaths every three months, with ICD
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coding of the causes listed in parts I and II of the death certificate. Deaths with an ICD-9 

code of 410 to 414 were considered potential cases. Mortality follow-up was censored at 

the end of 1999, by which time there had been 355 deaths.

Sickness absence records

9564 participants (93%) gave consent at Phase 1 for follow-up based on their sickness 

absence records and 96% of these (9179) were linked to their record. For two thirds of 

Civil Service departments, the reasons for absence were included. Records with cause of 

absence were available from 1988 until 1995. Participants with cardiovascular disease as a 

reason for absence were considered potential cases.

IV.3.2 Validation of events

Clinical record data were sought to validate all the potential CHD cases, from GP’s and 

hospitals. Written permission to examine such data had been obtained as part of the 

questionnaire. For all CHD deaths, hospital, GP and post-mortem records were sought. 

Where possible investigation results were recorded but if these were not available, a 

diagnosis stated in the records, so-called clinical record validation, was used. A single 

trained coder coded the accumulated evidence and events were placed into following 

categories :-

Death (based on Simon^^*) Definite required death certificate plus post-mortem reports; 

probable required death certificate plus evidence in clinical notes; and possible required 

death certificate or clinical notes only. Study data did not contribute to the death 

classification.

MI (based on MONICA criteria) Definite required a definite ECG or hospital records with 

two out of three of [-symptoms, ischaemic ECG and enzyme changes; probable required 

clinical record validation ; possible required self-reported MI on study questionnaire, with 

or without abnormal study ECG or clinical test result.

Angina Definite angina required the combination of typical symptoms and an abnormal 

test result; probable was assigned in the absence of a test but with clinical record 

validation; possible angina was defined by self-report only with no test or clinical record
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corroboration. In the analyses in this thesis, Rose questionnaire angina alone was not 

included in the possible category.

All events were dated, where possible, from medical records. Where an event could not be 

dated but was known to have occurred between two phases, e.g. silent MI on study ECGs, 

a date midway between the attendances at the two phases was assigned. The events were 

hierarchical so that a participant contributed only one event, the most severe, to analyses. 

Mortality follow-up was censored at the end of 1999. Non-fatal follow-up was censored at 

the date of last attendance at screening or questionnaire completion. For participants who 

had not attended screening and had no sickness absence records, mortality follow-up was 

censored at the median date of the phase after their last attendance e.g. for a participant 

who had not attended since Phase 1, mortality follow-up was censored at the median of 

Phase 2 screening dates. Since the interval between Phase 1 and Phase 3 varied, follow-up 

from Phase 3 baseline is not an accurate measure of time since Phase 1. To allow analysis 

of long-term effects from Phase 1, the follow-up period from Phase 1 was subdivided into 

the first six years of follow-up and subsequently.

Analyses in this thesis will use an amalgamated endpoint of CHD events including the 

definite, probable and possible categories of CHD deaths, MI and angina but excluding 

those with only Rose angina. The amalgamated group was separated into two groups of 

endpoint for some analyses: CHD death/non-fatal MI and angina. Cases in the self

reported/possible category were identified for other analyses. CHD events were analysed 

from either the Phase 1 or the Phase 3 baseline. Participants with validated events before 

Phase 1 were excluded from analyses from the Phase 1 baseline, as were those with events 

before Phase 3 from analyses from the Phase 3 baseline. Table IV.2 shows follow-up and 

CHD events from the Phase 1 and Phase 3 baselines and Table IV.3 details the number and 

different types of events included.

IV.4 Potential confounding or mediating covariates
Data on the following potential confounders or mediators was collected during Phases 1 to

3. Full details are given in study publications and the screening manual Relevant 

questions are included in Appendix I.
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Underlying coronary heart disease was studied, at both the Phase 1 and Phase 3 baselines, 

by creating a marker yariable combining Rose angina and eyidence of ischaemia on ECG. 

Participants with either indicator, but no yalidated CHD eyents, were considered to haye 

eyidence of underlying CHD.

Physical actiyity was assessed at Phases 1 to 3 from questions asking about the frequency 

and number of hours each week spent in mild (e.g. walking, woodwork, general 

housework); moderate (e.g. scrubbing polishing, chopping, decorating ); and yigorous (e.g. 

running, hard swimming, squash) actiyity. The number of hours per week of yigorous 

exercise was grouped into 0; 1 hour; 2 or more hours per week and was also used as a 

continuous yariable.

The number of units of alcohol consumed in the last week was calculated from questions 

about the frequency and quantity of different types of alcohol at Phases 1, 2 and 3. The 

total number of units per week was then grouped into none, between 1 and 10; 11 to 15; 16 

to 30; and oyer 30 units.

Questions on smoking behayiour at Phases 1, 2 and 3 included current smoking behayiour 

and number of cigarettes per day, as well as pipe and cigar smoking. Questions on past 

smoking behayiour were included at Phases 1 and 2. The number of manufactured 

cigarettes smoked daily was grouped into 1 or 2; 3 to 10; 11 to 20; and oyer 20. A separate 

category was created for hand-rolled cigarettes.

Ethnic group was assessed at the Phase 1 screening examination and was recoded into the 

following groups: - European, Afro-Caribbean, South Asian and other.

Blood pressure was measured at Phases 1 and 3. After 5 minutes rest, blood pressure was 

measured twice using a Hawksley random-zero sphygmomanometer. An ayerage of the 

two readings was used for both systolic and diastolic pressure.

Prescribed medication taken in the last 14 days was included in all questionnaires, 

although in a limited checklist form during the first part of the Phase 1 screening. At Phase
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1 there was a specific question on treatment for high blood pressure. At subsequent phases 

there was an open-ended question about prescribed medicine, and the drugs named were 

then coded, using a scheme that was generated in-house and included codes for 

antihypertensives.

Anthropometry. Height and weight were measured at Phases 1 and 3, and waist and hip 

diameter at Phase 3. Weight was measured to the nearest 0.1kg using an electronic scale 

with participants dressed in a cloth gown and underclothes. Height was measured to the 

nearest centimetre using a stadiometer, with participants barefoot and their head tilted to 

the Frankfort plane position. Waist and hip circumferences were measured to the nearest

0.1 cm using a flbreglass tape measure held at 600g tension. Waist circumference was 

measured at the narrowest point or at the costal margin. Hip circumference was measured 

at the most lateral point on the greater trochanter. Body mass index (BMI) was calculated 

according to the standard formula of kg/m^, and the ratio of waist to hip circumference 

(WHR) was calculated.

At Phase 1 cholesterol was determined in non-fasting blood samples by the cholesterol 

oxidase-peroxidase colorimetric method (Boehringer Mannheim kit). At Phase 1 

fibrinogen was assayed in participants aged 45 to 55 years in seventeen departments (2095 

men and 1202 women, 73.6% and 70.7% , respectively, of the age group in the selected 

departments). A blood sample was taken and citrated plasma was prepared and frozen 

immediately at -70C. Fibrinogen was assayed by a modification of the clotting method of 

Clauss. Within-batch coefficients of variation for the methods used at Phase 1 were 1% for 

total cholesterol and 8% for flbrinogen^^^.

White blood cell (WBC) count was taken in a subsample at Phase 1 from July 1987 until 

the end of screening between, and assayed at St Thomas’ Hospital. Written protocols for 

this investigation are not available, but blood would have been collected in an EDTA tube 

and full blood count measured using a Coulter whole blood analyser (personal 

communication, D. Guthrie). The data are limited in that total WBC and neutrophil and 

lymphocyte counts were given to the nearest integer. WBC data were available on 2076 

men and 966 women, and differential counts on 1809 and 767 men and women 

respectively.
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Metabolic syndrome (MS) components were measured at the Phase 3 screening 

examinations. Participants were asked to attend screening fasting, or after a light fat-free 

breakfast for afternoon appointments. After the initial venous blood sample, participants 

drank 389 ml of “Lucozade” (equivalent to 75g anhydrous glucose) over five minutes. A 

second blood sample was taken two hours later. Diabetic subjects did not participate in the 

glucose tolerance test. Full details of the screening procedures and laboratory methods are 

given elsewhere^^^’ Venepuncture of the left antecubital vein was performed with a 

tourniquet. Blood was collected into plain, citrate or fluoride Sarstedt monovettes. After 

centrifugation, samples were immediately frozen at -80C and stored until assay. Serum for 

lipid analysis was refrigerated at -AC and assayed within 72 hours. Glucose (fasting and 2 

hour) was determined in fluoride plasma by an electro-chemical glucose oxidase method. 

Serum insulin (fasting and 2 hour) was measured by radio immunoassay using polyclonal 

guinea-pig antiserum. Cholesterol and triglycerides (fasting sample only) were measured in 

a centrifugal analyser by enzymic colorimetric methods. HDL cholesterol was determined 

after dextran sulphate-magnesium chloride precipitation of non-HDL cholesterol. External 

comparison and examination of age differences at Phase 1 and 3 show that cholesterol 

levels were over-estimated by approximately 0.33 mmol/1 at Phase 3. Fibrinogen was 

determined in fasting blood samples using a modification of the Clauss method. Extra 

blood samples were taken on every 20‘̂  subject for quality control. Coefficients of 

variation were 2.0 to 6.6% for glucose, cholesterol, triglyceride and HDL cholesterol, 23% 

for insulin and 7.7% for fibrinogen.

The metabolic svndrome was defined on the basis of the clustering of risk factors 

according to their sex-specific distributions. Individuals were considered to have the 

metabolic syndrome when three or more of the following were in the top of sex-specific 

quintile: -  2 hour glucose, systolic blood pressure, fasting triglyceride, HDL cholesterol 

(bottom quintile) and waist-hip ratio. Those on anti-hypertensive medication were 

assigned to the top quintile of blood pressure.

An electrocardiographic estimate of left ventricular mass was obtained from Phase 1 

ECG’s in Professor Macfarlane’s laboratory, using the formulae of Rautahaiju et al, which 

includes separate equations for males and females^^'. Appendix IV summarises the
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correlates of LVM in men, showing the expected associations with blood pressure, 

exercise and ethnic group.

Social class was assessed by grade of employment. All participants at all phases were 

asked to give their Civil Service grade title. These were recoded to give three grade 

groupings. Administrative comprising the seven unified grades; Executive comprising 

senior executive officer, higher executive officer and executive officers; and Clerical 

grades.

Life events were assessed at Phase 1 by eight self-report questions concerning experiences 

in the previous 12 months. The areas were as follows: serious personal illness; death of 

close relative or friend; serious illness of close relative or friend; financial difficulty, 

divorce or break-up of intimate relationship, other marital problems, mugging or robbery, 

change of residence. Life events were grouped as follows : - 0; 1 ; 2 or more.

Religious affiliation was measured at Phase 1 using a question on frequency of attendance 

at religious services: Groups for analyses were: - at least weekly; monthly or less; never.

A question on marital status was included at Phases 1, 2 and 3 and was recoded to give the 

following groups:- married /cohabiting; single; divorced/separated /widowed

Hostilitv (Ho) was measured at Phase 1 using 38 items from 50 item the Cook-Medley 

hostility scale^^. The 38 items include 33 from Barefoot’s abbreviated Cook-Medley 

scale^^ and the items are from the following subscales: - cynicism (12 out of 13 items 

present); hostile attribution (10/12); aggressive responding (6/9); hostile affect (complete 

5/5). The remaining five items are from the social avoidance scale (3/4) and the 

unclassified scale (2/7). Each item is scored 0-1 with 1 indicating a hostile response and 

the scores were summed.

Positive and negative affect (PA and NAi were assessed at Phases 1 and 2 using 

Bradbum’s Affect Balance Scale^^^.Questions ask about the previous few weeks. Five 

questions make up the positive affect scale, and five the negative affect scale. Each item is 

scored as 0-1- 2-3 with a total score of 15 in each scale.
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The Phase 1 questionnaire was adapted during screening and questions on life events, 

hostility and the affect balance scale were added to later versions. These data were 

therefore not available on all participants. Univariate statistics on all covariates are 

summarised in Appendix II.

IV.5 Statistical analyses

IV.5.1 Analytic design

Analyses were performed separately in men and women. Initial analyses examined the 

demographic characteristics of participants in the exposure groups, defined by the presence 

and persistence of psychological distress between Phases 1 and 3. Participants with 

validated CHD events at each baseline were excluded from analyses, and analyses were 

restricted to those included in the relevant distress groups.

The first stage of longitudinal analysis, again from both the Phase 1 and Phase 3 baselines, 

analysed CHD events to the end of Phase 5 in relation to the distress groups. Follow-up 

from the Phase 1 baseline was divided into two periods to assess short and long-term 

effects.

Analyses of potential mediating or confounding variables, such as health behaviours, CHD 

risk factors, other psychosocial risk factors, were as follows: -

a. described its relation to distress group, adjusting for age.

b. described its relation to future CHD events, restricting analyses to those included in 

distress groups, including survival curves, log rank tests, assessment of the 

proportionality assumption and the best fit of the data.

c. assessed its impact on the distress: CHD association when entered into models as 

covariates.
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d. stratified the distress: CHD association by differing levels o f the variable to look 

for possible effect-modifications by covariates.

Associations between factor scores of the GHQ-30 and the persistence of distress were 

assessed, and factor scores were used as exposure groups in relation to future CHD events.

IV.5.2 Statistical methods

Statistical analyses were performed using SAS v 6.12 and v8.04 computer software (SAS, 

Cary, NC: USA). Significance tests for differences between exposure groups used the 

never group as the reference group. Age adjustment for categorical baseline variables was 

by direct standardisation, using the whole sample as the standard population, with age 

divided into four five-year age groups. Continuous variables were age-adjusted using the 

proc GLM procedure, with age group entered as three categorical, dummy variables into 

the model. Continuous variables were examined, using the proc univariate procedure to 

test normality of distribution, using graphical methods, in addition to skewness (results 

summarised in Appendix II). Where appropriate, variables were log-transformed and log 

values used in all analyses. All the biochemical variables, except HDL, were used as log- 

transformed variables. Quintiles and tertiles were produced, within sexes, across the whole 

Whitehall II population, using the logged variable where appropriate.

Using the proc lifetest procedure (product-limit method), the CHD survival data were 

described graphically including graphs of the survival (without CHD event) function 

against time; negative log survival function (an estimate o f the cumulative hazard function) 

against time; and the log negative log of the survival function against log time. Differences 

in the survival function, compared to the never group, were evaluated using the log-rank 

test.

Analyses of CHD events used Cox’s proportional hazard model to estimate effect size and 

to adjust for multiple variables ’ . This model relies on the assumption that the hazard

between the baseline and exposed group is constant over time i.e. that the risk associated 

with a given exposure does not alter over the period of follow-up. This proportional 

hazards assumption for the exposure variables (distress groups) and main confounders 

was assessed using both graphical methods (log negative log survival plots) and testing a
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time-dependent variable and by examination of the Schoenfeld residual against time 

The best fit of data for continuous covariates, was assessed by constructing models with 

data entered as a continuous variable and divided into tertiles or quintiles and entered both 

categorically and as a linear variable. Models were compared by examining partial log- 

likelihood scores and by looking at plots of beta against the midpoints of categories, to 

assess whether the relationship with CHD event was linear. Distress groups, age and other 

non-ordered categorical variables were entered into models using dummy variables. Where 

continuous variables were used, hazard ratios were expressed for one standard deviation 

(SD) increase, based on SD of variable within sexes. The factor scores all had a SD of 

approximately 1, so for these variables HR’s are expressed for one unit increase.

Inclusion of covariates in the final fully adjusted models was based on the strength of 

association between each covariate with either distress or CHD endpoints as well as the 

effect of adjustment for covariate on the psychological distress: CHD association, so that 

all important predictors were included even if there was little or no association with 

distress. Stepwise selection (entry criterion p=0.10) was also used to construct models 

within all potential covariates available for inclusion. Those models are not deigned to 

control for confounding but are useful to confirm that important covariates have not been 

excluded^^^. Interactions between distress and covariates were tested by comparing models 

with distress variables and covariates with models including interaction terms for different 

distress groups. For continuous covariates, the quintile or tertiles were used, entered as a 

linear variable. Significance assessed by the difference in the partial log likelihood scores 

between models and the p values for the interaction terms.

Multiple imputation procedures were used in some analyses to allow for missing levels of 

covariates, using the proc MI and proc Mlanalyze procedures in SAS v8.04. Five imputed 

datasets were created (proc MI) and used in proc phreg models and the results combined 

(proc Mlanalyze). These adjusted models were compared with the age adjusted models in 

the full dataset. Complete subject analyses in the group with the covariate were also 

performed, and the effect of adjustment for the covariates in this reduced sample compared 

with the effect seen in the imputation models.
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IV.5.3 Power calculations

Power calculations were performed, within sexes and separately for the Phase 1 and Phase 

3 baselines, to assess the size of exposure group that would be required to detect effect 

sizes of 3, 2 and 1.5. It was assumed that the never group would be used as the 

comparison, non-exposed group.

Analyses used Statcalc sample size for cohort studies in Epi Info 2000 (CDC, Atlanta, GA: 

USA). The following assumptions were made:

a) Estimates of disease in the unexposed group occurrence were based on the risk 

of all CHD events in whole population, expressed as percentage of those at 

beginning of follow-up period (Table IV.2).

b) The ratio of non-exposed to exposed participants was set at 3:1.

c) 95% confidence and 80% power were set.

Results are shown in Table IV.4 and indicate, for example, that to detect an increased 

relative risk of 1.5 in men from the Phase 1 baseline, 600 men would be required in the 

exposure group. Dividing the distress exposure groups into strata by other covariates was 

part of the analysis plan, which would have implications for power. Assuming a covariate 

was divided into tertiles, resulting in approximately 200 exposed men in each stratum, a 

relative risk of 2 would be detectable within each stratum.
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Figure IV.l WHITEHALL II STUDY
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Table IV.l.a Construction of psychological distress groups at the Phase 1 baseline, using GHQ-30 results from Phases 1 to 3

Phase 1

GHQ result at Phases 1-3 
X : not raised @  : raised 

Phase 2 Phase 3

Phase 1 baseline psychological distress 
group assigned to -

X X X Never

@ X X Early

@ @ @ Recurrent
@ X @ a

@ (% X

Table IV.l.b Construction of psychological distress groups at the Phase 3 baseline, using GHQ-30 results from Phases 1 to 3

Phase 1

GHQ result at Phases 1-3 
X : not raised @ : raised 

Phase 2 Phase 3

Phase 3 baseline psychological distress 
group assigned to -

X X X Never

X X @ New

@ @ @ Persistent
® X @
X @ @ a

@ @ X Former
@ X X ((
X @ X ((



Table IV.2 Summary of CHD events and follow-up data, by sex

a. From Phase 1 baseline
N Events before No with follow-up Pyrs of follow-up - Total no of events (MI/ CHD death)

Phase 1 (MI) from Phase 1 mean (max) Risk (%)
(beyond 6 years ) Whole period In first 6 yrs 7 years +

Men 6895 141 (63) 6754 (6217) 11.5(14.3) 442 (223) 196(108) 246(115)
6.5% ( 3 .3 ^ 29%  ( 7 .6 ^  4.0% ( 7 .8 ^

Women 3413 50(7) 3363 (2987) 11.1 (14.3) 164 (47) 77 (23) 87 (24)
4.9% ( 7 .4 ^ 23%  (0.7%) 29%  (0.3%;

b. From Phase 3 baseline
N Events between No with follow-up from Pyrs of follow-up Total no of events (MI)

Phase 1 and Phase 3 Phase 3 -mean (max)
Men 6895 175 6212 6.8 (8.4) 267 (132)

4.3% (2.7%)
Women 3413 76 2955 6.6 (8.4) 88(27)

3.0% (0.9%)

oo
K)

Numbers in parentheses refer to those with MI /CHD death within whole CHD event group 
Risks are expressed as percentage of those beginning period of follow-up 
Pyrs = person-years of follow-up.



Table IV.3 Breakdown of number and type of CHD events, by sex

Type of event
Men

From Phase 1 baseline 
Women Men

From Phase 3 baseline 
Women

CHD death 39 5 19 3
Non-fatal MI 184 42 113 24
(of which self-reported) (21) (7) (17) (3)
Angina 219 117 135 61
(of which self-reported) (52) (23) (35) (10)
Total 442 164 267 88

Table IV.4 Power calculations. Number of participants required in exposed group shown, assuming a 3:1 ratio of exposed: non- 
exposed, 95% confidence and 80% power

Relative risk From Phase 1 baseline From Phase 3 baseline
detectable Men Women Men Women

(Risk of event 6.5%) (Risk of event 4.9%) (Risk of event 4.3%) (Risk of event 3.0%)

3 72 82 94 138
2 182 246 283 413
1.5 604 817 983 1365
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Chapter V 

Results and discussion

V .l Description of psychological distress groups and their association 

with future CHD events

V .l.l Research questions

This section describes the GHQ-30 results at Phases 1 to 3, the construction of the 

exposure groups (based on the GHQ-30), and gives limited baseline characteristics of the 

participants in these groups. It then addresses the central question of the thesis, of whether 

there is an association between these psychological distress groups and future CHD events, 

from both the Phase 1 and the Phase 3 baselines. The specific research questions addressed 

in this section are: -

1. Is there an association between psychological distress and future CHD events?

2. Does the association differ according to whether the distress is chronic or more 

transient?

3. What is the time-span of the effect? This will help to differentiate a long-term effect 

acting over five to ten years from a short -term effect acting over two years or less.

4. Is the association is similar for different types of events (CHD death/non fatal MI and 

angina)? This will indicate whether detection bias needs to be considered as possible 

explanation of any observed effect.

These associations were examined using survival curves, log-rank tests for differences in 

survival and the suitability of the data for Cox models was assessed. Cox models adjusted 

for age and employment grade are presented. Subsequent sections adjust the association for 

other confounders or mediators.
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V.1.2 Results

V. 1.2.1: Description of exposure groups 

Description of GHQ scores

The distribution of GHQ scores at Phases 1 to 3 is summarised in Figure V .l.l.The 

distribution was positively skewed and grossly non-normal. As described in Methods 

section IV.2, a score of 5 or above was taken as the screening threshold, based on the 

previous validation study^^^ and Table V .l.l gives the frequency of those scoring above 

this threshold at each of the three phases. The prevalence of psychological distress was 

highest at Phase 2 and lowest at Phase 3, and higher in women than men at all phases

(p<0.001).

Psychological distress groups

Table IV.2 (Methods section) described the construction of the psychological distress 

groups in the entire study population, indicating which groups of participants had been 

excluded. The combined psychological distress group at Phase 1 was termed Phlgp and at 

Phase 3, Ph3gp. 29% of the population (3019/10308) have been excluded from Phlgp and 

20% (2076/10308) from Ph3gp. The majority of these exclusions were due to insufficient 

data points, although at Phase 1 a number of participants were excluded because distress 

developed after Phase 1. These participants were included in analyses from the Phase 3 

baseline.

Table V.1.2 summarises the basic demographic data on participants in these different 

psychological distress groups, from both the Phase 1 and the Phase 3 baselines. Those with 

a validated CHD event at each baseline have been excluded, since these participants will 

not be included in subsequent analyses. In men at the Phase 1 baseline, there were few 

differences by age or grade between the distress groups. Men with early distress were less 

likely to be in the clerical grade. At Phase 3, age differences were more apparent with men 

in the distressed groups younger than those who had never been distressed. Grade 

differences paralleled those from Phase 1, with the men in former distress group less likely 

to be in the clerical grade. As discussed in section IV.2, this group overlapped considerably 

with the early group at Phase 1. Women with distress were more likely to be in higher 

grades at both baselines and, at Phase 3, the women with distress were younger.
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At Phase 1, men with early distress and women with recurrent distress were more likely to 

be European. At Phase 3, men and women with former distress, and women with persistent 

distress were more likely to be European, but all the differences were small,

V. 1.2.2 Psychological distress predicting CHD events 

Description of survival data: all events

Figures V .l.2.a to V.1.2.d show the survival curves (for survival free o f a CHD event) for 

the psychological distress groups in men and women from the Phase 1 and Phase 3 

baselines. The number of events and log-rank significance tests are summarised in the 

figures. The follow-up from Phase 1 was sub-divided into two periods, the first six years 

and the seventh year of follow-up and beyond.

In men, the recurrent distress group from Phase 1 and the new distress group from Phase 3 

had the worst outcome. The never group consistently had the best outcome. Log-rank tests 

were significant for recurrent distress for both periods of follow-up from Phase 1. Survival 

in the group with early distress was significantly different from the never group in the 

second period, and in the entire follow-up period from the Phase 1 baseline. From the 

Phase 3 baseline, survival in men with persistent or former distress was worse than, but not 

significantly different from, men who never reported distress. Men with new distress at 

Phase 3 had significantly worse subsequent survival.

In women, interpretation is more difficult. From Phase 1, women with early distress had 

worse survival initially than women who never reported distress, but then the event rate 

dropped, so that the curves cross. This reversal of effect was apparent when the period of 

follow-up was divided into two sections (Figures V.1.2.b and V.1.2.c). Women with 

recurrent distress from Phase 1 had worse survival but the difference was not significant. 

Inspection of survival curves in Figures V.1.2.b and V.1.2.C show that this reduction in 

survival also declined over time and was less apparent in the second period of follow-up 

from the Phase 1 baseline. From the Phase 3 baseline, women in the distressed groups had 

better survival than women who never reported distress, but the curves were based on 

small numbers of events, so that no significant differences were found.
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Proportionality hazards assumption

In men, examination of plots and inclusion of time-dependent variables indicated no non

proportionality in the hazards associated with distress groups other than new distress at 

Phase 3 (time-dependent variable beta = -0.637 p= 0.08). Examination of the log negative 

log survival: log time plot showed that this non-proportionality was associated with new 

distress was in the first months of follow-up after Phase 3, when there were small numbers 

of events. Schoenfeld plots were prepared but showed no trend over time. It was felt that 

the data allowed further use of the Cox model.

When the hazards associated with age and grade were examined in men, it was found that 

the hazards associated with highest age group, aged 50-55 years, and the lowest clerical 

grade, also showed some non-proportionality in the hazard from Phase 1 baseline (beta = -

0.48, p=0.03 and beta=-0.19 p =0.04 respectively). Examination of the log negative log 

survival: log time plots showed either minor convergence or non-proportionality only at 

the start of follow-up. For both age and grade, Cox models with the variable enter as a 

stratification variable were compared with those with it entered as covariate and only 

marginal differences were found. Again, it was concluded that the extent of non

proportionality did not preclude further analyses.

Log negative log survival: log time plots confirmed the non-proportional nature of the 

hazard associated with psychological distress groups in women from the Phase 1 baseline. 

Formal tests using time-dependent variables were significant over the whole period of 

follow-up. The risks associated with recurrent and early distress groups from Phase 1 both 

decreased over time, with reversal in the second period of follow-up, (for recurrent distress 

beta= -1.17 p=0.002; for early distress beta = -1.53 p=0.009). The follow-up period from 

Phase 1 was divided into two year periods (results not shown) and this confirmed that the 

hazard associated with the recurrent group reversed around six years of follow-up. The 

hazards in women were largely proportional within the first six years of follow-up from 

Phase 1 and within the later period of follow-up. However the data have insufficient power 

to allow analyses of early distress within these shorter periods. Data from Phase 3 did not 

reach significance for any tests for non-proportionality, but the small number of events 

limited analyses.
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Cox models

Table V .l.3 shows the results from Cox models, with crude, age adjusted and age and 

grade adjusted hazards for the different psychological distress groups. Models with non

proportional hazards are indicated and must be considered with caution. Age adjustment, 

as expected, often strengthened the effect of distress on future CHD events, since those 

with distress tended to be younger. Similarly adjustment for grade made little difference 

and usually increased the effect size of distress.

Adjustment for ethnic group did not alter the effect of distress on future CHD events 

(results not shown). Stratification of the distress effect by ethnic group was not possible 

due to the small numbers in the minorities, but the effect of distress in Europeans was 

similar to that in whole sample (results not shown).

In men, recurrent distress at the Phase 1 baseline increased the risk of future CHD by 70% 

(HR 1.72 [95% Cl 1.32-2.24]) and early distress by 40% (HR 1.41 [95% Cl 1.02-1.91]) 

After age adjustment, new distress at Phase 3 had a hazard ratio of 1.77 [1.13-2.78] for 

future CHD events. Persistent distress in men at Phase 3 became significantly associated 

with future CHD events, and former distress approached significance after age adjustment.

In women, where small numbers of events may have made the models rather unstable, 

age adjustment led to larger increases in hazard ratios. From the Phase 1 baseline, recurrent 

distress was associated with future CHD (HR 1.63 [1.08-2.48]) but the hazard was non

proportional and declined from 3.13 to 0.94 between the first and second periods of 

follow-up from Phase 1. No other distress groups were significantly associated with CHD 

events from either the Phase 1 or the Phase 3 baseline.

Results by different types of events

When the data were divided by type of event (CHD death/MI and angina) the increase in 

CHD events associated with early distress in men from Phase 1 was shown to be due to the 

occurrence of angina rather than CHD death/MI, with age adjusted hazard ratios of 2.29 

[1.55-3.38] and 0.71 [0.41-1.24] respectively. For recurrent distress, the hazard for angina 

was again larger than that for CHD death/MI but the difference was less marked, (HR’s of 

2.09[ 1.44-3.30] and 1.46 [1.01-2.12]). The early distress: angina hazard was stable over the
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whole period of follow-up from Phase 1, but there was some evidence that hazard for 

angina associated with recurrent distress declined over time. From the Phase 3 baseline, 

there was less difference between the hazard ratios in men for CHD death/MI and angina 

for all the psychological distress groups.

In women, CHD death/MI formed a smaller proportion of the total CHD events than for 

men (31 out of 122 (28%) in women and 159 out of 321 (50%) in men). Separate analyses 

of CHD death/MI endpoint were limited by the small numbers of events. Tables V.1.3.b 

and V.1.3.C show that angina events accounted for the abrupt reversal in risk associated 

with distress seen after the first six years of follow-up from Phase 1.

In addition to the validated CHD events, the association between psychological distress at 

Phase 1 and the occurrence of new ECG abnormality (confirmed at manual coding) at 

Phase 3 was examined using logistic regression. Participants with manually confirmed 

ECG abnormality at Phase 1, but not those with validated CHD events at Phase 1, were 

excluded from these analyses. These results are presented in Table V .l.4. In men, a similar 

pattern is seen to that for the validated CHD events, with recurrent distress significantly 

associated with future ECG abnormality and the association between early distress and 

future ECG abnormality approaching significance. In women, psychological distress at 

Phase 1 was not associated with new ECG abnormality at Phase 3. Stansfeld et al 

published results based on similar analyses from Whitehall II, although in this work 

distress groups were not divided by chronicity^^^.

V .l.3 Discussion 

V .l.3.1 Exposure groups

These data confirm well-recognised patterns in the literature, with distress being more 

common in women and in younger age groups^^^' The use of a consistent cut point (4/5) 

for all Phases 1 to 3, despite the changing prevalence of distress at different phases (Table 

V .l.l), is justified by the validation study at Phase 1̂ ^̂  and also by the fact that is the most 

common threshold reported for the GHQ-30^^.

The definition of the psychological distress groups chosen in this thesis inevitably leads to 

a loss of power. The size of the resulting exposure groups may restrict analyses,
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particularly in women. The definition of the various exposure groups was designed to 

enable the examination of different effects of transient (early or new) distress and more 

long-term distress on future CHD events to be examined. This approach is essential for 

research questions regarding chronicity and the time-span of effect to be addressed. Recent 

commentaries have reinforced the importance of these issues^^*. The likely impact of the 

exclusions is considered in the following section (V.2).

From the Phase 1 baseline, such delineation of distress groups is only partial, since it is not 

possible to separate those with recent new distress at Phase 1 from those who had suffered 

distress for some time prior to Phase 1. Furthermore, for recurrent distress predicting CHD 

events from Phase 1, the direction of causality is uncertain, since the group with recurrent 

distress reported distress at either Phase 2 or 3, and hence the relationship to events in the 

first period of follow-up from Phase 1 may reflect distress persisting in response to CHD 

events. From the Phase 3 baseline, it was possible to look at the effect of new distress at 

Phase 3 and to compare it with both the effect of both more persistent distress and former 

distress that had resolved by Phase 3.

V .l.3.2 Distress: CHD association

From Phase 1 in men, the CHD risk is greatest for those with recurrent distress but, due to 

potential reverse causality, these results need to be interpreted with caution. Early distress 

was also significantly associated with an increased risk of CHD from Phase 1. The data 

demonstrate that the effect o f early distress in men extends over more than 10 years, with 

no evidence that the effect declined over the entire period of follow- up. At Phase 3, when 

persistence of distress can be more accurately assessed, the greatest risk of future CHD 

was for those men with new distress. This is line with other reports in the literature^^’

As discussed previously, this poses questions concerning the role of underlying disease. 

However in this study, men with both former and persistent distress were also at increased 

risk of future CHD from Phase 3, indicating that the risk is not restricted to recent distress. 

The observed effect sizes of between 1.5 and 2.0 are in line with reports from aetiological 

studies of depression in the literature.

The associations between distress and future CHD were not confounded by either age or 

social class, as measured by employment grade. Indeed, these both acted as negative
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confounders, with effect sizes increasing on adjustment. Higher levels of distress reporting 

in younger age groups is a well-accepted phenomenon, but higher distress in higher social 

groups is not a typical finding. The general pattern of increasing psychiatric morbidity in 

lower social classes is not seen as consistently for depression and other neurotic disorders, 

but there is evidence that these disorders are less common in higher social classes^^^’ A 

recent meta-analysis of social class and depression has demonstrated convincing evidence 

for higher prevalence of depression, particularly persistent depression, in lower social 

classes^*^. Stansfeld found some evidence of under-reporting of distress in the lower 

employment grades, which might account for the differences observed^^^. Goldberg 

acknowledged that such defensive reporting was an inherent limitation of questionnaire 

surveys However, it is clear that confounding by social class is not an explanation for the 

observed associations in these data.

The associations between psychological distress and ethnic group are difficult to assess 

because of the small numbers in the ethnic minorities. Previous reports have found a higher 

prevalence of neurotic symptoms and disorders amongst minorities'*^. This was not seen in 

these data, probably reflecting the grade distribution of distress, since subjects from ethnic 

minorities were more likely to be in lower employment grades. Results from models 

adjusted for ethnic group confirm that ethnicity does not confound the distress: CHD 

association. Further analyses will include all ethnic groups.

In women, interpretation is hampered by structural problems with the data. Whereas non

proportionality in men was considered to be unimportant after investigation, in women it 

was more marked and raises concerns both about the validity of the models and about the 

underlying reasons for such an abrupt reversal in risk. Small numbers o f events will lead to 

instability in estimates that could explain the observed reversal, but tests for change in 

hazard were highly significant. This lack of power is contrary to that estimated in the 

power calculations, but these calculations had assumed an increase in risk in the distressed 

groups, whereas a decreased risk was found after the first six years. It is difficult to 

conceptualise a biological reason for such a reversal. Issues relating to detection and 

diagnosis of events in distressed groups need to be considered, especially as the timing of 

the reversal coincided with Phase 3 of screening.
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v . l . 3.3 Detection bias

An extension of the second conceptual model suggests that distress could act to increase 

the recognition of disease, rather than affect the natural history itself. Macleod et al have 

highlighted this issue of detection bias as a potential explanation for psychosocial 

influences on d i s e a s e T h i s  could only have an effect if there is some scope for 

discretion in the diagnosis. Although external validation has been sought for all CHD 

events in the Whitehall II study, as discussed in section IV.3, some events were included 

on the basis of self-report. Even for those with clinical record validation, it is possible that 

those with anginal symptoms and distress were more likely to seek medical advice (and 

hence receive a diagnosis) than those with similar symptoms but without psychological 

distress. Furthermore, diagnostic criteria for angina in medical practice are less clearly 

defined than those for MI, leaving open the possibility that amongst patients presenting 

with equivalent symptoms, those with distress were more likely to receive a diagnosis. By 

comparison, MI is much less likely to go undiagnosed and it is difficult to envisage how 

CHD death certification could be affected by distress reporting. The finding that, from the 

Phase 1 baseline, the distress: CHD association in both men and women was largely due to 

angina is therefore of some concern. Risk factors for angina differ from those for CHD 

death/MI and it is feasible that distress acts on the CHD causal pathway to lead to angina 

but not to MI. However, the issue of possible detection bias does need to be addressed.

Firstly, it is important to note that the effect of distress is not entirely restricted to angina. 

From the Phase 1 baseline, there was a significant association between recurrent distress 

and CHD death/MI, bearing in mind previous caveats about the direction of effect. From 

the Phase 3 baseline, the differences in effect size between CHD death/MI and angina were 

smaller, and significance was borderline in both groups, due to small numbers of events. 

Thus, there is evidence that distress increases risk of these “harder” endpoints. The 

findings with ECG in men also support a true association between distress and CHD 

pathogenesis in men. Changes in ECG coding between Phase 1 and Phase 3, with more 

stringent criteria at Phase 3, as discussed in the Methods section IV.3, mean that a new 

ECG abnormality at Phase 3 was likely to represent CHD pathology. ECG findings in 

women do not offer equivalent support, but this may reflect the fact ECG changes in 

women have a different relationship to underlying CHD from that in men^^^.
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It is obviously important to assess the contribution that self-reported events are making, 

particularly to the distress effect on the angina endpoint. Table V .l.5 gives the number of 

events in different distress groups and age adjusted hazard ratios, with and without self- 

reported cases removed. From the Phase 1 baseline, removing self-reported cases had little 

effect with effect sizes if anything larger. From Phase 3, the number of events became 

small and there was some reduction of effect size, which may reflect lack of power. These 

results suggest that the observed distress: angina association is not due to increased self- 

reporting in those with distress, but they do not address the issue of increased diagnosis by 

doctors in subjects with distress. It was suggested, in section 1.4, that it might be 

anticipated that such an effect, due to increased ascertainment, would decrease over time as 

potential cases were diagnosed. In men, there is some evidence that the effect of recurrent 

distress on angina declined over time, but the early distress: angina effect showed no such 

decline and this is not consistent with the concept of susceptible cases being diagnosed 

earlier. However, the data in women show a dramatic reversal of effect. Earlier diagnosis 

of angina in women with distress appears a feasible explanation for the observed pattern. 

This would require increased diagnosis of angina in women with distress to such an extent 

that in the later period of follow-up there are fewer cases to diagnose, and hence the risk 

reversed.

V .l.3.4 Sex differences

If detection bias is not considered to be important in men, why is it potentially so strong in 

women? There are several reasons to justify the implied sex differences. Interpretation of 

anginal symptoms in women is much more complex than in men, with a higher proportion 

of women having no evidence of underlying CHD Other investigators have found

that a history of anxiety was associated with a lower probability of angiographic 

abnormality amongst women with chest pain Furthermore ECG abnormality in women 

is less clearly associated with underlying CHD than in men It is therefore reasonable to 

postulate that the diagnosis of angina in women may be more influenced by psychological 

factors than in men. Continuing concern about the role of detection bias in the associations 

and inability to use Cox models due to non-proportionality limit further analyses. The 

small number of CHD death/MI events in women precluded the investigation of these 

harder endpoints. Subsequent analyses in this thesis will be on men only.
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v . l .4 Summary

For men, these results offer good evidence that psychological distress is associated with an 

increased risk of future CHD. The data from the Phase 3 baseline suggests that transient or 

new distress may be most strongly associated with subsequent CHD, but that more chronic 

distress also carries an increased risk. Understanding the nature of the risk represented by 

these different distress groups is a major focus of this thesis, which will be explored in the 

following sections. The effect of both groups persisted over 15 years of follow-up. The 

effect of distress was greater on angina than on CHD death/MI, but did not reverse or 

decline over time in men in a way that might indicate detection bias. Findings with ECG 

abnormality also support the assertion that the distress: CHD association reflects an 

aetiological relationship. Self-reported cases of angina do not appear to be inflating the 

effect sizes found, and in order to maintain power, these events will be retained in the 

dataset.

Table V .l.l Prevalence of psychological distress at Phases 1 to 3: whole study 
population

Men Women
GHQ Above threshold GHQ Above threshold
score
missing No Yes (%) score

missing No Yes (%)

Phase 1 57 5111 1727 62 2334 1017

Phase 2 1417 3968
(25.2%)
1510 885 1673

(30.4%)
855

Phase 3 1162 4551
(27.6%)
1182
(20.6%)

837 1922
(33.8%)
654
(25.4%)

Above threshold = scoring 5 or above on the GHQ-30, which is defined as psychological 
distress
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Table V.1.2 Basic demographic data on psychological distress groups

a. Men
Psychological Phase 1 baseline Phase 3 baseline
distress group Phlgp (missing = 1822) Ph3gp (missing =1139)

N = 4932 N=5449
Never Recurrent Early Never Persistent New Former

N 3401 898 633 3022 747 364 1316
(Prevalence®/©) (69) (18) (13) (55) (14) (7) (24)

Mean age (yrs) 44.4 43.2 44.4 49.6 47.9 48.3 49.1
*** *** **

Employment grade n (%)
Administrative 1321 339 260 1430 353 178 673

(38.8) (39.0) (40.9) (47.4) (48.8) (49.2) (51.7)***
Executive 1777 492 336 1379 353 159 578

(52.2) (53.3) (53.3) (45.7) (45.6) (43.4) (43.5)
Clerical 303 67 37 210 39 26 63

(.9.0) (7.8) (5.8)** (7.0) (5.5) (7.4) (4.8)***

Ethnic group n (%)#
European 3130 836 598 2788 695 347 1251

(92.1) (92.9) (94.6)** (92.3) (92.3) (94.6) (95.2)***
Afro- 66 7 10 63 4 8 17
Caribbean (1.9) (0.8)** (1.6) (2.1) (0.5)*** (2.4) (1.3)*
South Asian 176 48 18 146 42 7 40

(5.2) (5.8) (2.9)** (4.8) (6.5) (2.3) (3.1)*

* 0.1 > p >0.05; ** 0.05 > p > 0.01 ; *** p<0.01 compared to never group 
Phlgp = psychological distress group at Phase 1 baseline
Ph3gp = psychological distress group at Phase 3 baseline 
Participants with baseline CHD events were excluded from analyses
# % ’s do not total to 100% as other category not shown
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Table V.1.2 Basic demographic data on psychological distress groups

b. Women
Psychological Phase 1 baseline Phase 3 baseline
distress group Phlgp  (missing = 1139) Ph3gp (missing = 844)

N = 2224 N=2443
Never Recurrent Early Never Persistent New Form er

N 1351 536 337 1156 435 186 666
(Prevalence %) (61) (24) (15) (47) (18) (8) (27)
Mean age 45.8 44.0 45.3 51.0 48.9 48.9 50.3

*** *** **
Employment grade n (%)
Administrative 123 79 47 146 95 39 115

(9.9) (14.5)*** (14.9)** (13.6) (20.9) (20.1)*
*

(17.8)**

Executive 498 253 155 485 220 80 329
(38.6) (46.8)*** (47.5)*** (43.2) (50.5)*** (43.2) (49.7)***

Clerical 730 204 135 528 120 67 222
(51.5) (38.7)*** (37.6)*** (43.2) (28.6)*** (38.4) (32.5)***

Ethnic group n (% )
European 1160 491 295 992 395 160 593

(85.6) (91.6)*** (88.1) (85.3) (92.3***) (94.6) (95.2)*
Afro- 99 20 17 87 15 10 35
Caribbean (7.4) (3.8)*** (4.8) (7.8) (3.5)*** (5.0) (5.3)*
South Asian 77 22 22 62 22 14 30

(5.8) (4.1) (6.1) (5.6) (5.1) (7.9) (4.6)

* 0.1 > p >0.05; ** 0.05 > p > 0.01; *** p<0.01 compared to never group 
Phlgp = psychological distress group at Phase 1 baseline
PhSgp = psychological distress group at Phase 3 baseline 
Participants with baseline CHD events were excluded from analyses
# % ’s do not total to 100% as other category not shown
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Table V.1.3 Hazard ratios (unadjusted, age and grade adjusted) for CHD events for different psychological distress groups, by sex,
different type of events and period of follow-up

a. From Phase 1 baseline. Whole period of follow-up.

Phlgp Never
MEN

Recurrent Early Never
WOMEN

Recurrent Early

N 3401 898 633 1351 536 337
All events (%) 192 (5.7) 79 (8.8) 50 (7.4) 64 (4.7) 35 (6.5) 13 (3.9)
HR 1 1.56 [1.20-2.03] 1.41 [1.03-1.92] 1 1.38[0.91-2.08] 0.82 [0.45-1.49]

Age adj HR 1 1.72 [1.32-2.24] 1.40[1.02-1.91] 1
@@@
1.63 [1.08-2.48]

@@@
0.86 [0.47-1.56]

Age/grade adj HR 1 1.73 [1.33-2.25] 1.44 [1.05-1.96] 1 1.81 [0.52-1.73] 0.95 [0.52-2.68]
Death / MI
Events 108 37 14 20 8 3
HR 1 1.31 [0.90-1.91] 0.71 [0.41-1.25] 1 1.01 [0.44-2.29] 0.60 [0.18-2.02]

(7i)
Age adj HR 1 1.46 [1.01-2.12] 0.71 [0.41-1.24] 1 1.27 [0.56-2.90] 0.64 [0.19-2.16]
Age/grade adj HR 1 1.47 [1.01-2.14] 0.73 [0.42-1.28] 1 1.26 [0.52-1.73] 0.64 [0.19-2.15]
Angina
Events 84 42 36 44 27 10
HR 1 1.91 [1.32-2.76] 2.31 [1.56-3.38] 1 1.55 [0.96-2.50] 0.91[0.46-1.81]

Age adj HR 1
@
2.09 [1.44-3.03] 2.29 [1.55-3.38] 1

@@@
1.80 [1.11-2.92]

@
0.95 [0.48-1.89]

Age/grade adj HR 1 2.11 [1.45-3.07] 2.36 [1.59-3.49] 1 2.09 [1.28-3.40] 1.09 [0.55-2.18]

VO

@ 0.1  >p> 0.05; @@ 0.05>p>0.01; @@@ p<0.01 for time-dependent covariate in Cox model (significance test for non-proportionality)
HR = hazard ratio [ ] 95% confidence interval



Table V.1.3 Hazard ratios (unadjusted, age and grade adjusted) for CHD events for different psychological distress groups, by sex,
different type of events and period of follow-up

b. From Phase 1 baseline. 1st 6 years of follow-up

Phlgp Never
MEN
Recurrent Early Never

WOMEN
Recurrent Early

N 3401 898 633 1351 536 337
All events 83 37 20 21 21 9
HR 1 1.70 [1.15-2.50] 1.30 [0.80-2.12] 1 2.56 [1.40-4.69] @ 1.72 [0.79-3.77]
Age adj HR 1 1.92 [1.31-2.85] 1.28 [0.78-2.08] 1 3.13 [1.70-5.75] 1.81 [0.83-3.96]
Age/grade adj HR 1 1.94 [1.31 -2.86 1.34 [0.82-2.18] 1 3.46 [1.87-6.41] 1.98 [0.90-4.34]
Death / MI
Events 51 17 7 9 3 3
HR 1 1.29 [0.75-2.23] @ 0.76 [0.35-1.68] 1 0.86 [0.23-3.16] 1.34 [0.36-4.94]
Age adj HR 1 1.49 [0.86-2.59] 0.75 [0.34-1.66] 1 1.18 [0.32-4.37] 1.44 [0.39-5.31]
Age/grade adj HR 1 1.50 [0.86-2.60] 0.82 [0.37-1.80] 1 1.16 [0.31-4.36] 1.42 [0.38-5.28]
Angina
Events 32 20 13 12 18 6
HR 1 2.41 [1.38-4.21] 2.18 [1.14-4.15] 1 3.84 [1.85-7.98]@ 2.00 [0.75-5.32]
Age adj HR 1 2.69 [1.54-4.79] 2.14 [1.12-4.07] 1 4.51 [2.16-9.43] 2.06 [0.78-5.51]
Age/grade adj HR 1 2.70 [1.54-4.74] 2.18 [1.14-4.15] 1 5.24 [2.50-11.00] 2.36 [0.88-6.31]

00

@ 0.1 >p> 0.05; @@ 0.05>p>0.01; @@@ p<0.01 for time-dependent covariate in Cox model (significance test for non-proportionality) 
HR = hazard ratio [ ] 95% confidence interval



Table V.1.3 Hazard ratios (unadjusted, age and grade adjusted) for CHD events for different psychological distress groups, by sex,
different type of events and period of follow-up

c. From Phase 1 baseline. 7 years + of follow-up

Phlgp Never
MEN
Recurrent Early Never

WOMEN
Recurrent Early

N 3268 854 609 1297 505 320
All events 109 42 30 43 14 4
HR 1 1.46 [1.02-2.08] 1.49 [1.00-2.23] 1 0.81 [0.44-1.48] 0.38 [0.14-1.04]
Age adj HR 1 1.57 [1.10-2.25] 1.49 [0.99-2.23] 1 0.94 [0.51-172] 0.40 [0.14-1.10]
Age/grade adj HR 1 1.58 [1.10-2.25] 1.51 [1.01-2.26] 1 1.04 [0.65-1.92] 0.44 [0.16-1.23]
Death / MI
events 57 20 7 11 5 0
HR 1 1.33 [0.80-2.22] 0.76 [0.35-1.68] 1 1.13 [0.39-3.21]
Age adj HR 1 1.44 [0.86-2.40] 0.75 [0.34-1.66] 1 1.31 [0.45-3.82]
Age/grade adj HR 1 1.43 [0.86-2.39] 0.66 [0.30-1.46] 1 1.31 [0.44-3.84]
Angina
Events 52 22 23 22 9 4
HR 1 1.60 [0.97-2.64] 2.39 [1.46-3.90] 1 0.70 [0.34-1.47] 0.50 [0.18-1.42]
Age adj HR 1 1.73 [1.05-2.86] 2.39 [1.46-3.89] 1 0.81 [0.38-1.71] 0.53 [0.19-1.50]
Age/grade adj HR 1 1.75 [1.06-2.89] 2.48 [1.51-4.05] 1 0.93 [0.44-1.98] 0.61 [0.21-1.73]

VOVO

@0.1 >p> 0.05; @@ 0.05>p>0.01; @@@ p<0.01 for time-dependent covariate in Cox model (significance test for non-proportionality) 
HR = hazard ratio [ ] 95% confidence interval



Table V.1.3 Hazard ratios (unadjusted, age and grade adjusted) for CHD events for different psychological distress groups, by sex,
different type of events and period of follow-up

d. From Phase 3 baseline
MEN WOMEN

Ph3gp Never Persistent New Former Never Persistent New Former
N 3022 747 364 1316 1156 435 186 666
All events 
(% )

119(3.9) 39 (5.2) 23 (6.3) 67 (5.1) 41 (3.6) 17(3.9) 16(2.3) 15(2.3)

HR 1 1.33 [0.93-1.92] 1.62 [1.03-2.53] 

1.77 [1.13-2.78]

1.29 [0.95-1.74] 1 1.10 [0.62-1.93] 0.93 [0.40-2.19 0.63 [0.35-1.14]

Age adj HR 1 1.48 [1.03-2.13] 1.31 [0.97-1.75] 1 1.27 [0.72-2.25] 1.11 [0.47-2.63] 0.66 [0.37-1.20]
Age/grade adj 
HR

1 1.49 [1.04-2.15] 1.78 [1.14-2.79] 1.33 [0.99-1.80] 1 1.30 [0.73-2.31] 1.14 [0.48-2.69] 0.67 [0.37-1.22]

Death / MI
Events 61 18 11 32 13 6 1 4

HR 1 1.21 [0.71-2.04] 1.52 [0.80-2.90] 1.21 [0.79-1.86] 1 1.22 [0.46-3.21] 0.49 [0.06-3.76] 0.53 [0.17-1.62]
Age adj HR 1 1.34 [0.79-2.28] 1.70 [0.89-3.23] 1.24 [0.81-1.90] 1 1.41 [0.53-3.74] 0.58 [0.08-4.49] 0.56 [0.18-1.71]
Age/grade adj 
HR

1 1.35 [0.79-2.29] 1.71 [0.90-3.25] 1.25 [0.82-1.92] 1 1.35 [0.51-3.60] 0.59 [0.08-4.58] 0.54 [0.18-1.66]

Angina
Events 58 21 12 35 28 11 5 11

HR 1 1.48 [0.89-2.43] 1.75 [0.94-3.25] 1.38 [0.91-2.10] 1 1.04 [0.20-2.09] 1.13 [0.44-2.93] 0.67 [0.34-1.35]
Age adj HR 1 1.65 [1.00-2.73] 1.91 [1.03-3.57] 1.41 [0.93-2.14] 1 1.21 [0.60-2.45] 1.36 [0.52-3.54] 0.71 [0.35-1.43]
Age/grade adj 
HR

1 1.67 [1.01-2.76] 1.91 [1.03-3.57] 1.43 [0.94-2.18] 1 1.28 [0.63-2.60] 1.40 [0.54-3.65] 0.74 [0.37-1.49]

o
o

@0.1  >p> 0.05; @@ 0.05>p>0.01; @ @@ p<0.01 for time-dependent covariate in Cox model (significance test for non-proportionality)
HR = hazard ratio [ ] 95% confidence interval



Table V.1.4. Odds ratios for new ECG abnormality at Phase 3 in different psychological distress groups at Phase 1.

Psychological distress group 
(Phlgp)

Never Recurrent Early

Men : N 2840 785 544
New ECG abnormality (%) 74 (2.6) 32 (4.1) 21 (3.9)
Age adjusted Odds Ratio 1 1.68 [1.10-2.57] 1.51 [0.92-2.47]
Women : N 1046 444 264
New ECG abnormality (%) 31 (2.0) 6(1.4) 7 (2 7 )
Age adjusted Odds Ratio 1 0.48 [0.20-1.17] 0.89 [0.39-2.05]

ECG abnormality = evidence of ischaemia. Any of the following Minnesota codes : diagnostic Q waves (MC: all 1-1, 1-2-1 to 1-2-5, and
1-2-7); equivocal Q waves (MC: 1-2-8 and all 1-3); ST segment depression ( MC: 4-1 to 4-3); T wave inversion (MC: 5-1 to 5-3); or left 
bundle branch block (MC: 7-1-1)

[ ] 95% confidence interval



Table V .1.5  Associations between psychological distress gronps and different CHD endpoints, with and without self-reported (SR) events removed

PSYCHOLOGICAL DISTRESS GROUPS 
MEN 1 WOMEN

a. Phase 1 baseline
Never Recurrent Early Never Recurrent Early

Death/Ml
Events 108 37 14 20 8 3
Age adj HR 1 1.46 0.71 1 1.27 0.64

[1.01-2.12] [0.41-1.24] [0.56-2.90] [0.19-2.16]
No SR events 102 33 13 18 7 2
Age adj HR 1 1.40 0.70 1 1.24 0.48

[0.94-2.07] [0.39-1.25] [0.52-2.99] [0.11-2.05]
Angina
Events 84 42 36 44 27 10
Age adj HR 1 2.09 2.29 1 1.80 0.95

[1.44-3.03] [1.55-3.38] [1.11-2.92] [0.48-1.89]
No SR events 65 32 26 35 23 7
Age adj HR 1 2.13 2J5 1 1.96 0.85

[1.39-3.26] [1.36-3.39] [1.15-3.31] [0.38-1.90]
b. Phase 3 baseline

Never Persistent New Former Never Persistent New Former
Death /MI
Events 61 18 11 32 13 6 1 4
Age adj HR 1 1.34 1.70 1.24 1 1.41 0.58 0.56

[0.79-2.28] [0.89-3.23] [0.81-1.90] [0.53-3.74] [0.08-4.49] [0.18-1.71]
No SR events 58 15 9 27 13 4 0 4
Age adj HR 1 1.19 1.48 1.10 1 0.93 / 0.55

[0.67-2.11] [0.73-2.98] [0.70-1.74] [0.30-2.86] [0.18-1.70]
Angina
Events 58 21 12 35 28 11 5 11
Age adj HR 1 1.65 1.91 1.41 1 1.21 1.36 0.71

[1.00-2.73] [1.03-3.57] [0.93-2.14] [0.60-2.45] [0.52-3.54] [0.35-1.43]
No SR events 46 15 8 25 22 10 5 9
Age adj HR 1 1.50 1.63 1.28 1 1.44 1.78 0.75

[0.83-2.69] [0.77-3.45] [0.79-2.08] [0.68-3.06] [0.67-4.75] [0.34-01.62]
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Figure V.1.1 Distribution of GHQ scores at Phases 1 to 3; whole population
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Figure V.1.2 Survival curves for CHD events in different psychological distress groups 
Graphs show survival function (without CHD event) against time 
a. CHD events from Phase 1 baseline, whole period of follow-up.
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Figure V. 1.2 b. CHD events from Phase 1 baseline, first 6 years o f  follow-up
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Figure V.1.2 c. CHD events from Phase 1 baseline, 7-15 years o f  follow-up
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Figure V.1.2 d. Events from Phase 3 baseline
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V.2 Baseline characteristics of subjects excluded from analyses, and 

assessment of potential bias

V.2.1 Research questions

Loss to follow-up is of concern in all longitudinal studies, because of the resulting loss of 

power and, more importantly, due to the potential for distortion of results. The observed 

association between an exposure and outcome may differ from that which would have been 

found in the entire study population. If the participants who are excluded from follow-up 

differ from those included in respect to both exposure and outcome, there is the potential 

for such selection biaŝ "̂̂ . Whitehall II data used in this thesis may be incomplete in one of 

several ways: -

1. Incomplete CHD event ascertainment.

2. Participants excluded from psychological distress groups.

3. Participants excluded from subsequent analyses due to missing data on confounders.

In this section, the participants with missing data due to the first two of these reasons were 

investigated to see how they differed from those included, and if they fulfilled the two 

associations required for potential bias. This examination included associations with 

baseline psychological distress and baseline indicators of CHD and, where possible, 

associations with future CHD events. It was possible in some analyses to estimate the 

distress: CHD association in the different groups, to assess if this was different from that in 

the main group.

The findings of the previous section, with the strong association between angina and 

distress and the issue of detection bias, emphasise the need for these analyses. It is feasible 

that those excluded were less likely to have distress, but more likely have angina, which 

would account for observed associations.
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V.2.2 Results

CHD events ascertainment

As described in the Methods section IV.3, specific questions on CHD events were 

introduced at Phases 4 and 5. It is plausible that those who did not attend either of these 

phases have missing data on non-fatal CHD events. This was examined by creating an 

indicator variable of non-attendance at Phase 4 and 5, and comparing baseline 

characteristics and subsequent event rates in these attenders and non-attenders. Men with 

CHD events at baseline were excluded, and analyses were restricted to those who survived 

to end of the follow-up period, as death notification was assumed to be complete.

Results are summarised in Table V.2.1. Non-attenders were more likely to be in the 

clerical grades and were more likely to be smokers. There was a non-significant tendency 

for non-attenders to be more likely to have an ECG abnormality at both Phase 1 and 3. 

There were no differences in the prevalence of either Rose angina or psychological distress 

at either baseline. Table V.2.2 summarises the event rate in non-attenders compared to 

attenders from Phase 1, divided into all events and MI only (deaths were excluded as 

analyses were on survivors only). The event rate was significantly lower in men who did 

not attend later screening phases. The relative rate in non-attenders was similar for all 

events and for MI, although lower numbers mean that for MI the relative rate was of 

borderline significance. The analyses of the association between distress and future CHD, 

as shown in Tables V.1.4, were repeated, restricting analyses to attenders. The results (not 

shown) were similar to those of the whole group. Separate analyses in non-attenders were 

not possible due to small numbers of events.

Psvchological distress groups

Participants were excluded from the psychological distress groups if they had insufficient 

phases with GHQ scores. Participants were also excluded from the Phase 1 baseline group 

if  they developed distress later, but these men were not considered in these analyses as they 

might be considered as forming a distinct level within the group rather than missing from 

it.

To be included in Phlgp (the psychological distress variable from the Phase 1 baseline) 

required GHQ data at Phase 1 and either Phase 2 or 3. To be included in Ph3gp (the
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variable from the Phase 3 baseline) required GHQ data at Phase 1 and Phase 3, with or 

without Phase 2. Participants with insufficient GHQ data showed considerable overlap 

with non-attenders at Phase 4/5 (Table V.2.3). Table V.2.4 shows the baseline 

characteristics for those with insufficient data to be included in Phlgp. Since those 

excluded from Ph3gp were largely due to non-attendance at Phase 3, it was not possible to 

examine Phase 3 variables. These analyses excluded those with CHD events at baseline, 

but included those who died during follow-up. Those excluded were more likely to be 

smokers and in the clerical grades, but there were no differences in the prevalence of 

psychological distress or of markers of underlying CHD.

Table V.2.5 shows CHD events in those included in and excluded from Phlgp and Ph3gp 

These analyses were restricted to attenders at Phase 4 or 5, but deaths were included as the 

aim was to assess the association between exclusion from the exposure groups and future 

CHD. The rates of CHD events were almost identical in the two groups from both 

baselines. The relationship between baseline distress at Phase 1, based on the Phase 1 

GHQ-30 result alone, and future CHD events was compared in those included in and 

excluded from Phlgp to assess whether the relationship differed. The age adjusted hazard 

ratios for future CHD events for scoring above threshold on the Phase 1 GHQ were 1.39 

[1.13-1.71] in those included in, and 1.35 [0.56-3.21] in those excluded from Phlgp.

V.2.3 Discussion

The two groups of missing data differ in that those participants with potentially incomplete 

CHD ascertainment were included in the database and hence these analyses have 

considered whether the results on these participants were likely to be inaccurate. 

Conversely, the psychological distress groups excluded participants with missing data and 

these analyses have examined whether the results on those excluded were likely to be 

different from those included.

Results of the analyses on those not attending Phase 4/5 show that, despite more adverse 

baseline characteristics, this group had a significantly lower CHD event rate. This indicates 

that non-fatal events have been missed in this group and this is, naturally, of concern as 

missed events in non-attenders with no distress could account for the observed 

associations. Since this non-attendance is not related to the baseline exposure,
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psychological distress, the observed relationship between distress and CHD should not be 

biased. Analyses restricted to attenders show similar results to the whole group, which 

supports a lack of bias.

Those excluded from the psychological distress groups on the basis of insufficient phases 

of data shared many of the adverse baseline characteristics of the non- attenders, since the 

two groups overlap considerably. This group of excluded men was not more likely to have 

psychological distress at baseline than men who were included. There was no evidence that 

either the CHD event rate or the relationship between distress and CHD events differed in 

the excluded group. There is, therefore, no concern about bias due to exclusion from the 

psychological distress groups, although there is loss of power. This loss is outweighed by 

the advantages of the precise classification of exposure afforded by this method.

The third group of missing data, exclusion from subsequent analyses due to missing data 

on confounders or mediators, will be considered in the relevant following sections and, 

where appropriate, its effect estimated by the use of multiple imputation procedures.

V.2.4 Summary

Participants included in the analyses may have missing data on CHD events, but this does 

not appear to be associated with baseline distress and should not have led to bias in the 

observed relationships. There is no evidence that the association between distress and CHD 

events differs in men excluded from analyses, and hence the observed associations can be 

taken as accurate estimates of the effect in the whole study population.
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Table V.2.1 Baseline characteristics at Phases 1 and 3 of non-attenders at Phase 4/5.

YES
Phase 4/5 attendance 

NO
Phase 1 - N 5819 707
Age (yrs) 43.8 43.5
% clerical grade 7.5 19.2 ***
% ECG abnormality 5.0 6.3
% psychological distress 25.5 23.9
% smoke 14.5 21.9

Phase 3 - N 5253 126
Age (yrs) 49.1 49.2
% clerical grade 5.9 19.1***
% ECG abnormality 4.0 4.9
% psychological distress 20.4 22.0
% smoke 12.2 16.5

Due to missing data, total number used in individual analyses differed slightly.
Age adjusted means shown,
ECG abnormality = evidence of ischaemia. Any of the following Minnesota codes : 
diagnostic Q waves (MC: all 1-1, 1-2-1 to 1-2-5, and 1-2-7); equivocal Q waves (MC:1-
2-8 and all 1-3); ST segment depression ( MC :4-l to 4-3); T wave inversion (MC: 5-1 to 
5-3); or left bundle branch block (MC: 7-1-1)
Significance tests used attenders as reference group. *** p<0.001, ** 0.05>p>0.01, * 0.1 
>p>0.05.
Analyses exclude participants who have died during follow-up or had CHD events at 
baseline.
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Table V.2.2 Non-fatal CHD event rate, and relative rate, from Phase 1 baseline, in 
attenders and non-attenders at Phase 4/5

N Events Rate 
/lOO pyrs

Relative rate 
[95% Cl]

All events
Attenders 5819 386 0.54 1
Non-attenders 707 9 0.21 0.39 [0.20-0.76]
MI
Attenders 5819 174 0.24 1
Non-attenders 707 4 0.09 0.39 [0.14-1.05]

Table V.2.3 Cross-tabulation of participants excluded from psychological distress 
groups due to insufHcient data and those not attending Phase 4/ 5

Phlgp
N Attended Phase 4/5 (%) Non-attender

Included 6084 5675 (93) 409
Excluded 670 230 (34) 440

Ph3gp
Included 5449 5279 (97) 170
Excluded 763 474 (62) 289
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Table V.2.4 Baseline characteristics at Phases 1 and 3 of those included in Phase 1 
psychological distress groups and those excluded due to insufficient data.

Included
Phlgp

Excluded
Phase 1 - N 6084 670
Age (yrs) 44.0 43.6

% clerical grade 7.9 19.7***
% ECG abnormality 5.3 5.7
% Rose angina 1.9 1.8
% psychological distress 25.2 25.7
% smoke 14.9 24.0 ***

Due to missing data on variables total number in individual analyses differed slightly. 
Age adjusted means shown.
Significance tests used those included as reference group *** p<0.01 **0.05 >p>0.01 *
0.1>p>0.05
Analyses included participants who had died, but excluded those with CHD events at 
baseline

Table V.2.5 CHD event rate and relative rate in those included and excluded from 
psychological distress groups, from the Phase 1 and 3 baselines

N Events Rate 
/TOO pyrs

Relative rate 
[95% Cl]

Phase 1 -  Phlgp
Included 5675 391 0.56 1
Excluded 230 15 0.61 1.08[0.64-1.81]
Phase 3 -  Ph3gp
Included 5279 236 0.62 1
Excluded 474 18 0.66 1.07 [0.66-1.73]

Pyrs = person-years of follow-up 
Analyses restricted to attenders at Phase 4/5
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V.3 The role of conventional CHD risk factors and metabolic syndrome

variables in the association between distress and future CHD events

V.3.1 Research questions

Although many aetiological studies have shown that controlling for conventional CHD risk 

factors does not explain the associations between distress/depression and future CHD 

events, some questions remain about the completeness of this control. The effect of 

controlling for individual risk factors is not usually presented. The metabolic syndrome 

variables have often not been included in such analyses. This group of variables is of 

particular interest as the metabolic syndrome may be an indicator of hypothalamic- 

pituitary -adrenal axis imbalance, which is considered by many authors one of the most 

likely pathways between distress and CHD. The research questions to be answered in this 

section are: -

1. Do conventional CHD risk factors, including health behaviours, account for the 

observed association between distress and future CHD events? This would imply that 

these factor mediate in the distress: CHD association.

2. Do metabolic syndrome variables account for the observed associations between 

distress and future CHD events?

3. Is there any evidence that the distress: CHD association is stronger in certain groups 

defined by risk factor status e.g. stronger in smokers, or those with higher blood 

cholesterol. Other investigators have indicated that there may be subgroups of individuals 

where distress leads to physiological changes and hence increased risk ’

4. Are there any differences in the relationship between different distress groups and these 

variables? It is possible that transient and more chronic distress may result in varying 

biological profiles.

As outlined in the section IV. 5, the analytic strategy for assessing covariates as potential 

cofounders or as mediators is identical and involves assessing

1. Association between the variable and distress groups.

2. Relation of the variable to CHD events.

3. Impact of adjusting for the variable on the distress: CHD association, with 

reduction taken as evidence of confounding or mediation.
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4. Stratification o f  the distress: CHD effect by different levels o f  the variable, to look

for effect -modification.

In this section health behaviour variables (smoking; exercise; and alcohol consumption); 

conventional CHD risk factors (blood pressure; total cholesterol; and BMI); and metabolic 

syndrome variables, at Phase 3 only, (waist-hip ratio; HDL cholesterol; fasting 

triglyceride; fasting insulin and glucose; and insulin and glucose 2 hours after 75g glucose 

load) are considered.

V.3.2 Results

V.3.2.1 Associations between risk factors and baseline distress

Table V.3.1 summarises the associations between risk factors and the distress groups at the 

Phase 1 and Phase 3 baselines. Current smoking was more prevalent in men with recurrent 

distress at Phase 1, and in men with persistent distress at Phase 3, than in the men in the 

never group at each phase. Amongst men who were current smokers, those with recurrent 

or persistent distress were heavier smokers than men who had never reported distress. Men 

with early and new distress showed similar trends but the differences did not reach 

statistical significance. Men with recurrent or persistent distress were also less likely to 

take vigorous exercise than men who never reported distress and, at Phase 3, men with new 

distress took less exercise than the never group. At Phase 1, men with early and recurrent 

distress reported higher levels of alcohol consumption than the never group.

The overall pattern of adverse health behaviours associated with distress, contrasts with the 

findings for the physiological risk factors where there were few differences, but where men 

with distress were generally at an advantage. At Phase 1, men with recurrent or early 

distress and, at Phase 3, the men in the persistent or former distress groups had lower 

systolic pressure than the never group. For diastolic pressure, the differences remained 

significant for the recurrent group at Phase 1 and the former group at Phase 3. These 

associations were found to be independent both of current antihypertensive drug use and 

employment grade (analyses not shown). Men with early distress at Phase 1 were less 

likely to be classified as hypertensive (defined as one of: - systolic blood pressure => 140 

mm Hg, diastolic blood pressure =>90 mm Hg, or reported antihypertensive medication). 

There were no significant differences in serum cholesterol level or BMI between the
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distress groups at Phase 1 or Phase 3. For the metabolic syndrome variables at Phase 3, 

men with former distress had lower HDL and higher triglyceride than the never group. 

These men also had lower fasting and 2 hour glucose levels. Similarly men with new 

distress had lower fasting and 2 hour glucose levels than the never group. Men with 

persistent distress had higher fasting insulin, but lower fasting and 2 hour glucose levels.

V.3.2.2 Association between risk factors and future CHD events

The associations between risk factors and future CHD events are shown in Table V.3.2 

and, as expected, nearly all variables were shown to be strong predictors of CHD events 

from both baselines. Alcohol consumption and glucose levels were not significantly 

associated with future events. These analyses were repeated using subgroups of events, 

CHD death/MI and angina (results are not shown). For most risk factors, the associations 

were stronger for the death/MI subgroup than for angina. The best fit for each variable was 

noted and used in the subsequent adjustment analyses.

V.3.2.3 Effect of adjustment for, and stratification bv, risk factors on the distress: CHD 

association

Table V.3.3 shows these results, with the distress: CHD effect age adjusted and then 

adjusted for each covariate in turn (fitted according to best fit of data) in the group of 

participants with covariate data. The effects of stratifying by individual risk factors are 

indicated only if significant interactions were found (individual strata results not shown). 

Overall, the adjustments made virtually no difference to the distress effect on future CHD, 

with only small changes in effect size. Health behaviours (Table V.3.3.a) and physiological 

risk factors (Tables V.3.3.b and V.3.3.C.) tended to have opposite effects on the distress: 

CHD association.

Adjustment for smoking reduced the effect of distress marginally, with significance 

becoming borderline. Although no significant interactions were found with smoking status, 

early distress at Phase 1 had a weaker effect in ex-smokers and weaker still in current 

smokers compared to never smokers (age adjusted hazard ratios for early distress in never, 

ex- and current smokers respectively were 1.51 [0.94-2.42], 1.39 [0.84-2.30] and 1.06 

[0.51-2.19]). There was a significant interaction in current smokers between the number of 

cigarettes smoked and distress, with the effect of early distress (at Phase 1) weaker in those
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smoking heavily. There were no significant associations between pipe or cigar smoking 

and psychological distress, and adjustment for these variables did not affect the distress 

effect size (results not shown).

Controlling for vigorous exercise reduced the effect of all the distress groups a little, but 

the effects remained significant. For both smoking and exercise, models with time- 

dependent covariates were created to allow the variable to change over time and hence 

potentially adjust more thoroughly. These models did not explain any more of the distress: 

CHD effect than those without time-dependent covariates. Adjustment for alcohol did not 

reduce the distress effect size to any appreciable extent, although the effect size of 

recurrent distress was reduced slightly. There was some evidence that new distress (at 

Phase 3) had a greater effect in men who were not taking regular exercise (hazard ratio was 

2.44 [1.50-3.98] in men who took no exercise and 0.68 [0.16-2.86] in men who reported 

one hour of exercise per week. There were no events in men with new distress who took 

two or more hours of exercise per week.). Similarly, recurrent distress (at Phase 1) had 

more effect in men drinking more heavily, with hazard ratios increasing from 1.90 [1.27 -  

2.85] in men with no alcohol consumption in the previous week to 2.75 [1.38-5.49] in men 

who had drunk more than 30 units in the previous week.

Adjustment for blood pressure resulted in an increase in the distress effect size, as expected 

from the associations found at baseline. A significant interaction was found for early 

distress, with the effect weaker in those with higher diastolic pressure. This was also seen 

in the former distress group at Phase 3. The effect of early distress was also weaker in 

those classified as hypertensive at Phase 1 (effect size 0.68 [0.33-1.35] compared with 1.86 

[1.32-2.66] in non-hypertensive men). Adjustment for cholesterol and BMI made little 

difference to the distress effect size. A significant interaction was found for BMI, with 

early or former distress having a weaker effect in those men with higher BMI. Adjustment 

for metabolic syndrome variables (Phase 3 only) had very little effect, but tended to 

decrease persistent and former distress effect size slightly but increase the effect of new 

distress.

Table V.3.4 shows the final adjusted models for both the Phase 1 and Phase 3 baselines. 

These models were constructed on the basis of previous results, including all variables that
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altered the effect size of distress, were important predictors of CHD or were associated 

with distress at baseline. From Phase 1, both early and recurrent distress effect sizes were 

virtually unchanged by adjustment, although the estimates of effect size were slightly 

larger in the subgroup with data on all on confounders than in the whole group. Multiple 

imputation procedures in SAS v 8.2 were used to allow for missing data in the final model, 

so that the imputed hazard ratios in Table V.3.4 can be compared to the effect sizes in the 

whole group. These results confirm that the effect sizes were changed only marginally by 

adjustment. The results were then compared with models produced by entering all 

variables in a stepwise selection procedure (entry criterion p = 0.10). This stepwise 

procedure gave very similar results, with hazard ratios for recurrent distress of 1.65 [1.26- 

2.17], and for early distress of 1.43 [1.04-1.96].

In the Phase 3 final model, persistent distress was no longer a significant predictor in the 

subgroup with all data, and adjustment increased the strength of the new distress effect and 

did not alter the effect of former distress. Imputation results indicated that both persistent 

and former distress were of borderline significance in the adjusted model, whereas new 

distress was, if anything, strengthened. In the stepwise selection procedure, persistent 

distress was not retained in the model and the estimate of effect sizes were closer to those 

in the whole group, new distress HR =1.77 [1.10-2.87] and former distress HR =1.35 

[1.00-1.83].

Adjusting for variables where an interaction has been demonstrated is debateable, and so 

the models were repeated with appropriate interaction terms, although this can also lead to 

unreliable results. The results for Phase 1, with interaction terms for number of cigarettes, 

diastolic blood pressure and BMI, the hazard ratios were: - for recurrent distress 1.67 

[1.27-2.19]; early distress 3.84 [1.90-7.77]. From Phase 3, with interaction terms for BMI, 

diastolic blood pressure, fasting insulin and number of cigarettes, the hazard ratios were: - 

for persistent distress 1.31 [086-1.99]; new distress 4.16 [1.79-9.67] and former 

distress3.81 [1.87-7.78].
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V.3.3 Discussion

V.3.3.1 Health behaviours

These results are consistent with much of the literature in showing an association between 

distress and adverse health behaviours, especially smoking and lack of exercise. The 

direction of causality cannot be determined in cross-sectional data, but the fact that the 

strongest associations were seen with more chronic distress suggests that distress is leading 

to the loss of positive health behaviours. The impact of psychological stress on health 

behaviours is an important issue in its own right, but in context of this thesis, is relevant as 

a potential pathway of action for the distress: CHD association^^^. In this study, adjusting 

for smoking and exercise barely reduced the effect of distress. The results do not suggest 

that health behaviours mediate in the distress: CHD association.

Other authors have reported an interaction with smoking and depression, with depression 

having a stronger effect in smokers^^. By contrast, these data suggest that the effect of 

distress is greater in non-smokers, or smokers with lower tobacco consumption. This is not 

consistent with smoking mediating the distress effect, but rather suggests that distress has a 

weaker effect in smokers, who are already at an increased risk of CHD, but a stronger 

effect in those at lower initial risk. By contrast, the interactions found with vigorous 

exercise and alcohol consumption suggest that distress has a greater effect in those at 

higher risk e.g. taking little exercise or drinking more. It is not possible to resolve this 

apparent contradiction in these data, and all interactions must be interpreted with caution.

V.3.3.2 Other CHD risk factors

Health behaviours are obvious potential mediators, since there are well-documented 

associations between mental ill-health and adverse behaviours. With the other risk factors 

considered in this section, the situation is not as clear. The association between distress and 

low blood pressure has been documented previously from this d a t a s e t ^ a n d  is not 

explained by employment grade. More recent longitudinal work in other studies has 

suggested a causal relation between depression and future h y p e r t e n s i o n ^ R e a s o n s  for 

the association between distress and low blood pressure are unclear. This merits further 

study, but in the present context it is clear that blood pressure is not acting as a mediator 

between distress and the future development of CHD in these men. The interaction found 

between diastolic blood pressure and hypertension was consistent across phases and,
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similar to the pattern seen with smoking, suggests that distress has a greater effect on 

future CHD in those at lower initial risk. Although there were only very weak associations 

between BMI and distress at baseline, adjustment reduced the distress effect slightly, no 

doubt reflecting the strong predictive effect of BMI on CHD events. The interaction found 

is consistent with that of blood pressure, with distress having greater effect in those at 

lower risk. Adjustment for cholesterol had very little effect on distress: CHD association, 

indicating that it is not involved, although some authors have suggested this as a 

pathway^

V.3.3.3 Metabolic svndrome variables

There have been few previous reports on the association between measures of metabolic 

syndrome and psychological distress, and these have not been able to include future CHD 

events. These data offer little support for the concept of the variables of the metabolic 

syndrome acting as distal effectors of a distress pathway that is driven by an HP A axis 

imbalance. Associations between distress at the Phase 3 baseline and the various 

components were weak and inconsistent. Other work from the Whitehall II study has 

shown that these variables were related to social position^^’. Men in the new distress group 

tended to have more favourable levels, whereas men with persistent or former distress had 

adverse levels, but all the differences were small. There were larger differences in glucose 

levels and the reasons for which are unclear, but Table V.3.3.C demonstrates that glucose 

response was not involved in mediating the distress:CHD effect.

V.3.3.4 Effect of adiustment for risk factors in different distress groups 

The final models show that, from Phase 1, adjustment made little difference to the effect 

size of either early or recurrent distress. From Phase 3, again changes were small but the 

effect of persistent distress was reduced slightly, that of former unchanged, but that of new 

distress was strengthened. Individual variable results show that this effect is largely due to 

adjustment for the metabolic syndrome variables. This suggests that new distress may be 

related to CHD in a different way to more chronic distress, and hence supports the concept 

that the different distress groups are capturing different psychological risk profiles, and 

perhaps operating down different biological pathways. The current data do not justify any 

move beyond speculation and hypothesis generation.
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v.3.3.5 Interactions

The various interactions found do not present a uniform picture. All the interactions are 

based on analyses with very small numbers in some strata and hence need to be treated 

with extreme caution. However, a pattern emerged that early distress (mirrored in former 

distress) and new distress had less effect within groups with a more adverse risk profile. 

This was found for smoking, blood pressure, BMI, fasting insulin and 2 hour glucose. 

Exercise and alcohol were against this trend. Fewer interactions were found for persistent 

and recurrent distress, despite larger numbers in these groups. This may support the 

argument of different psychological risks, but random effects within small strata in the 

transient distress groups must also be considered as an explanation.

V.3.4 Summary

Overall, it is clear that adverse health behaviours contribute very little to explaining the 

effect of distress on future heart disease. Similarly, neither conventional biological CHD 

risk factors nor metabolic syndrome variables are responsible for mediating the distress: 

CHD effect. The final adjusted models support the finding from section V.l that transient 

distress may be a stronger predictor of future CHD than more long-term distress, and also 

suggest the different distress groups may be related to biological variables in different 

ways. It is impossible to draw definite conclusions about effect-modiflcation from these 

data, but there is some evidence that transient distress may have a greater effect in lower 

risk groups.
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Table V.3.1 Associations between risk factors and psychological distress at the Phase
1 and Phase 3 baselines (Age adjusted means and percentages shown)

a. Health behaviours
Psychological Phase 1 Phase 3
distress
group Never Recurrent Early Never Persistent New Former
N 3401 898 633 3022 747 364 1316
Smoking behaviour
N 3397 898 633 2976 724 356 1292
Ex smoker n 1210 330 237 1116 280 137 518
(%) (35.8) (37.6) (37.5) (37.2) (39.5) (39T0 (40.2)

*
Current Smoker n 483 161 101 360 113 50 152
(%) (14.3) (17.8) (16.0) (12.(% (14.8) (13.5) (11.6)

*** **
No of 15.6 18.0 16.4 15.4 18.7 17.3 16.8
manufactured ** ***
cigarettes/ day ^

2 hrs or more vigorous exercise / week
N 3285 865 610 3022 746 364 1315
n 920 212 153 679 132 66 277
(%) (28.1) (24.0) (25.1) (22.6) (17.2) (17.8) (21.1)

** ** **

Alcohol -  mean units /week and number drinking more than 31 units /week
N 3378 890 629 3018 747 364 1314
mean unit/week 12.3 13.8 13.8 12.2 12.5 11.9 12.7

*** **
>31 units /week - n 312 107 70 257 71 30 128
(%) (9 3) (11.8)** (11.2) (8.6) (9.2) (8d) (9.7)

* 0.1 > p >0.05; ** 0.05 > p > 0.01 ; *** p<0.01 compared to never group 
 ̂ -  in current smokers
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Table V.3.1 Associations between risk factors and psychological distress at the Phase
1 and Phase 3 baselines. (Age adjusted means & percentages shown)

b. Conventiona CHD risk factors
Psychological Phase 1 Phase 3
distress
group Never Recurrent Early Never Persistent New Former
N 3401 898 633 3022 747 364 1316
Blood pressure /mm Hg
Systolic N 3393 896 632 2892 701 344 1270
mean 124.9 123.4*** 123.4** 122.4 120.8*** 122.1 120.9***
top quintile' -n 754 167 122 710 135 75 281
(%) (22.1) (19.4)* (19.0)* (24.1) (20.6)** (22.6) (22.0)
Diastolic N 3393 896 632 2892 701 344 1270
mean 77.9 77.3* 77.0** 81.2 80.7 81.6 80.5**
top quintile' -n 744 168 116 640 144 76 271
(%) (21.9) (18.8)** (18.9)* (21.8) (21.4) (22.6) (21.2)
Hypertensive^ 3401 897 633 3021 747 363 1314
n 716 166 114 651 142 69 134
(%) (20.9) (19.2) (17.6)* (21.2) (20.0) (19.7) (19.6)
Cholesterol (mmol/1)
N 3388 893 629 2887 700 346 1259
mean ^ 5.87 5.82 5.84 6.38 6.31 6.40 6.34
top quintile - n 712 171 136 583 132 69 238
(%) (20.8) (20.0) (21.4) (19.9) (19.7) (20.3) (19.0)
BMI (kg/m^)
N 3395 896 633 2893 700 346 1269
mean 24.5 24.5 24.4 25.0 25.2 25.0 25.1
top quintile - n 659 175 116 550 143 64 248
(%) (19.3) (20.0) (18.2) (19.0) (20.5) (18.6) (19.6)

 ̂ -  those reporting hypertensive medications assigned to top quintile

 ̂- hypertensive means one o f- systolic blood pressure >= 140 mm Hg, diastolic blood 
pressure > = 90 mm Hg or reported antihypertensive medication

 ̂-  geometric mean age adjusted
* 0.1 > p >0.05; ** 0.05 > p > 0.01 ; *** p<0.01 compared to never group
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Table V.3.1 Associations between risk factors and psychological distress at the Phase
1 and Phase 3 baselines (Age adjusted means & percentages shown)

c. Components of the metabolic syndrome - Phase 3 only
Psychological distress Never Persistent New Former
group N 3022 747 364 1316
Waist hip ratio
N 2861 692 341 1244
mean 0.901 0.903 0.898 0.903
top quintile n (%) 547(18.8) 139(21.1) 62 (18.8) 235 (19.0)
HDL (mmol/1)
N 2885 699 346 1259
mean 1.33 1.31 1.35 1.30**
lowest quintile n 564 128 53 270
(%) (19.6) (18.2) (15.3)* (2L5)
Triglyceride (mmol/1)
N 2887 700 346 1259
mean 1.33 1.34 1.29 1.38**
top quintile n 537 141 66 264
(%) (18.5) (20.3) (19.1) (21.0)*
Fasting insulin (pmol/1)
N 2626 639 310 1141
mean 5.44 5.76* 5.50 5.45
top quintile n 513 138 64 216
(%) (19.4) (2L9) (20.8) (19.0)
2 hr insulin (pmol/1)
N 2762 673 323 1212
mean 32.6 31.7 30.8 31.2
top quintile n 555 131 60 230
(%) (19.9) (20.2) (19.0) (l&O)
Fasting glucose (mmol/1)
N 2780 677 324 1218
mean 5.30 5.25* 5.23** 5.25***
top quintile n 543 677 58 215
(%) (19.3) (17.4) (18.4) (17.8)
2 hr glucose (mmol/1)
N 2449 602 21 1092
mean 5.28 5.08*** 5.00*** 5.17**
top quintile n 492 89 46 205
(%) (19.8) (15.6)** (17.0) (18.8)
Metabolic syndrome©
N 2744 667 320 1200
n 334 74 36 200
(%) (120) (11.7) (11.6) (12.1)

* 0.1 > p >0.05; ** 0.05 > p > 0.01 ; *** p<0.01 compared to never group.
©Metabolic syndrome defined as is being in top quintile for three out of the following : 2 
hr glucose, systolic blood pressure, fasting triglyceride, HDL or waist-hip ratio.
All means, except HDL, are geometric means.
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Table V.3.2 Associations between risk factors and future CHD events
Risk factors Phase 1 Phase 3
Smoking Never Ex Current Never Ex Current

1 1.20 1.77 1 1.03 1.85
[0.94-1.54] [1.32-2.37] [0.78-1.36] [1.31-2.61]

Vigorous 0 1 2hrs + 0 1 2hrs +
exercise
hrs /week 1 0.75 0.70 1 0.67 0.58

[0.57-0.99] [0.53-0.99] [0.48-0.92] [0.40-0.83]
Alcohol None 1-10 31 + None 1-10 31 +
units/week 1 0.80 1.18 1 0.79 1.02

[0.57-1.09] [0.78-1.79] [0.56-1.14] [0.62-1.68]
Contin. Quintiles Contin. Quintiles
variable Bottom Top variable Bottom Top

Systolic BP 1.30 1 2.22 1.36 1 2.85
/mmHg [1.15-1.43] [1.54-3.14] [1.20-1.53] [1.84-4.40]

Diastolic BP 1.35 1 2.17 1.35 1 2.63
/mm Hg [1.22-1.50] [1.51-3.07] [1.20-1.53] [1.74-3.98]
Hyper No Yes No Yes
tensive 1 1.89 1 2.20

[1.49-2.38] [1.70-2.85]

Contin. Quintiles Contin. Quintiles
variable Bottom Top variable Bottom Top

BMI 1.37 1 2.90 1.50 1 3.37
(kg/m^) [1.27-1.48] [1.97-4.28] [1.34-1.16] [2.11-5.38]
Cholesterol 1.43 1 1.83 1.34 1 2.11
(mmoFl) [1.27-1.60] [1.31-2.57] [1.17-1.53] [1.37-3.26]
WHR 1.59 1 3.43

[1.40-1.80] [2.13-5.53]
Triglyceride 1.51 1 3.39
(mmoFl) [1.35-1.70] [2.17-5.31]
Fasting 1.09 1 1.27
glucose [0.97-1.22] [0.86-1.87]
(mmoFl)
2 hr glucose 1.12 1 1.08
(mmol/1) [0.98-1.29] [0.70-1.68]
Fasting 1.43 1 2.82
insulin [1.25-1.63] [1.82-4.38]
(pmol/1)
2 hr insulin 1.36 1 2.01
(pmoFl) [1.18-1.57] [1.31-3.09]

Top Bottom

HDL 0.71 1 2.60
(mmoFl) [0.62-0.81] [1.72-3.93]
Age adjusted hazard ratios shown. Contin = continuous. For continuous variables HR’s 
are for one SD increase in variable. Analyses restricted to men included in distress groups
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Table V.3.3 Effect of adjusting for, and stratifying by, risk factors on the distress:
CHD association

a. Health behaviours
Phase 1 Phase 3

Psychological distress
groups Never Recurrent Early Never Persistent New Former
Smoking behaviour
N 3369 891 631 2976 724 356 1292
Events 192 78 50 118 37 23 67
Age adjusted 1 1.69 1.39 1 1.44 1.81 1.33
only [1.30-2.21] [1.02-1.90] [0.99-2.08] [1.16-2.83] [0.98-1.79]
Adjusted for 1 1.62 1.36 1 1.38 1.78 1.31
smoking' [1.24-2.11] [1.00-1.85] [0.95-2.00] [1.13-2.79] [0.97-1.77]
Effect -
modification 2 2
Vigorous exercise
N 3285 865 610 3022 746 364 1315
Events 185 77 49 119 39 23 67
Age adjusted 1 1.73 1.43 1 1.49 1.77 1.31
only [1.33-2.26] [1.05-1.97] [1.03-2.14] [1.13-2.78] [0.97-1.77]
Adjusted for 1 1.70 1.42 1 1.43 1.72 1.30
exercise [1.30-2.23] [1.04-1.95] [0.99-2.06] [1.10-2.69] [0.96-1.75]
Effect -
modification 3

Alcohol
N 3378 890 629 3018 747 364 1314
Events 192 77 50 119 39 23 67
Age adjusted 1 1.68 1.39 1 1.48 1.78 1.31
only [1.29-2.19] [1.02-1.90] [1.03-2.13] [1.14-2.78] [0.97-1.77]
Adjusted for 1 1.66 1.39 1 1.48 1.78 1.31
alcohol [1.28-2.17] [1.01-1.89] [1.03-2.13] [1.14-2.78] [0.97-1.77]
Effect -
modification 4

' -  adjusted for past and present smoking status and number of cigarettes per day 
 ̂ - significant interaction in smokers - early distress had less effect as number of 

manufactured cigarettes per day increases. Early: beta=-0.35 p=0.06.
 ̂-  significant interaction -  new distress has less effect as vigorous exercise increases: beta 

= -0.75 p=0.03
- significant interaction -  recurrent distress has more effect as alcohol consumption 

increases : beta =0.22 p=0.04
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Table V.3.3 Effect of adjusting for, and stratifying by, risk factors on the distress:
CHD association.

b. Conventional CHD risk factors
Phase 1 Phase 3

Psychological distress
groups Never Recurrent Early Never Persistent New Former
Blood pressure
N 3393 896 632 2892 701 344 1270
Events 192 79 50 112 37 22 65
Age adjusted 1 1.71 1.40 1 1.52 1.82 1.35
only [1.32-2.34] [1.02-1.90] [1.05-2.21] [1.15-2.87] [0.99-1.83]
Adjusted for 1 1.78 1.43 1 1.60 1.82 1.40
systolic BP [1.37-2.32] [1.04-1.95] [1.10-2.32] [1.15-2.88] [1.03-1.90]
Adjusted for 1 1.76 1.43 1 1.56 1.81 1.39
diastolic BP [1.35-2.29] [1.04-1.95] [1.07-2.27] [1.14-2.86] [1.02-1.89]
Effect-
modification 1 1

Hypertensive
N 3401 897 633 3021 747 363 1314
Events 192 79 50 119 39 22 67
Age adjusted 1 1.72 1.40 1 1.48 1.70 1.31
only [1.32-2.24] [1.02-1.91] [1.03-2.13] [1.08-2.68] [0.97-1.77]
Adjusted for 1 1.75 1.41 1 1.52 1.74 1.34
hypertensive [1.35-2.28] [1.04-1.93] [1.06-2.19] [1.10-2.75] [1.00-1.84]
Effect-
modification 1

Cholesterol
N 3388 893 629 2887 700 346 1259
Events 191 78 50 112 37 22 65
Age adjusted 1 1.71 1.41 1 1.52 1.82 1.36
only [1.31-2.23] [1.03-1.93] [1.04-2.20] [1.15-2.87] [1.00-1.85]
Adjusted for 1 1.76 1.41 1 1.55 1.81 1.37
cholesterol [1.35-2.29] [1.03-1.92] [1.07-2.26] [1.15-2.87] [1.01-1.86]
Effect-
modification
BMI
N 3395 896 633 2893 700 346 1269
Events 192 79 50 112 37 22 65
Age adjusted 1 1.72 1.39 1 1.52 1.82 1.35
only [1.32-2.24] [1.02-1.90] [1.05-2.21] [1.15-2.87] [1.00-1.84]
Adjusted for 1 1.73 1.37 1 1.49 1.83 1.36
BMI [1.33-2.25] [1.01-1.88] [1.03-2.17] [1.16-2.90] [1.00-1.84]
Effect-
modification 2 2

' -  significant interaction early distress less effect as diastolic pressure increases (beta =-0.11 p=0.04) and in 
hypertensives ( beta =-0.49, p=0.01) Former distress also has less effect as diastolic pressure increases ( beta 
=-0.09, p=0.02)

 ̂-  significant interaction early distress has less effect as bmi increases ( beta =-0.12, p=0.03). Former 
distress also has less effect as bmi increases (beta=-0.84, p=0.03)
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Table V.3.3 Effect of adjusting for, and stratifying by, risk factors on the distress:
CHD association

c. Metabolic syndrome variables - Phase 3 only
Psychological Phase 3
distress
group Never Persistent New Former
Waist hip ratio
N 2861 692 341 1244
Events 110 36 22 64
Age adjusted only 1 L51[1.01-2.21] L86[L17-2.94] 1.36[1.00-1.86]
Adjusted for whr 1 L47[1.01-2.15] L89[1.19-2.99] 1.34[0.99-L83]
Effect-modi fi cation
HDL Cholesterol
N 2885 699 346 1259
Events 112 36 22 65
Age adjusted only 1 L47[L01-2.15] L81[1.15-2.86] 1.36[L00-184]
Adjusted for HDL 1 1.46[1.00-2.13] L88[L19-2.97] 1.32[0.97-L79]
Effect-modification
Triglyceride
N 2887 700 346 1259
Events 112 37 22 65
Age adjusted only 1 L52[L04-2.20] L82[1.14-2.87] 1.36[1.00-1.85]
Adjusted for trig 1 1.49[1.03-2.17] L88[1.19-2.97] 1.32[0.97-1.79]
Effect-modification
Metabolic syndrome
N 2744 667 320 1200
Events 107 34 20 64
Age adjusted only 1 L46[0.99-2.15] L74[L08-2.80] 1.39[1.02-L89]
Adjusted for MS 1 L45[0.99-2.14] 1.77[1.10-2.85] 1.38[1.01-L88]
Effect-modification

©Metabolic syndrome (MS) defined as is being in top quintile for three out of the 
following : 2 hr glucose, systolic blood pressure, fasting triglyceride, HDL or waist-hip 
ratio
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Table V.3.3 Effect of adjusting for, and stratifying by, risk factors on the distress :
CHD association.

c. Metabolic syndrome variables - Phase 3 only (continued)
Psychological Phase 3 
distress
group Never Persistent New Former
Fasting insulin
N
Events
Age adjusted only 
Adjusted for ins 
Effect- 
modification

2626 639 310 1141 
103 34 19 64 
1 1.51[1.02-2.22] 1.71[1.05-2.80] 1.47[1.07-2.01] 
1 1.46[0.99-2.16] 1.66[1.02-2.72] 1.46[1.07-2.00]

1

2 hour insulin
N
Events
Age adjusted only 
Adjusted for ins 
Effect- 
modification

2762 673 323 1212 
106 33 19 65 
1 1.42[0.96-2.10] 1.67 [1.02-2.72] 1.42[1.05-1.94] 
1 1.43[0.97-2.12] 1.68 [1.03-2.73] 1.44[1.06-1.96]

Fasting glucose
N
Events
Age adjusted only 
Adjusted for glc 
Effect- 
modification

2780 677 324 1218 
107 34 19 65 
1 1.45[0.98-2.14] 1.67[1.02-2.72] 1.41 [1.04-1.92] 
1 1.46[0.99-2.15] 1.69[1.03-2.75] 1.43[1.05-1.94]

2 hour glucose
N
Events
Age adjusted only 
Adjusted for glc 
Effect- 
modification

2449 602 281 1092 
94 31 14 55 
1 1.45[0.98-2.13] 1.67[1.03-2.72] 1.41[1.03-1.92] 
1 1.46[0.99-2.16] 1.70[1.04-2.77] 1.42[1.5-1.94]

2

' -  significant interaction -  new distress less effect as fasting insulin increases ( beta = -
0.146, p=0.09)
 ̂-  significant interaction -  former distress has less effect as 2 r glucose increases ( beta 

-0.07, p—0.08)
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Table V.3.4 Final adjusted models

Never
Phase 1 

Recurrent Early Sever Persistent
Phase 3

New Former
Whole group
N 3401 898 633 302 747 364 1316

Events 192 79 50
Z

119 39 23 67
Age adj HR 1 1.72 1.40 1 1.48 1.77 1.31

[1.32-2.24] [1.02-1.91 [1.03-2.13] [1.13- [0.97-1.75]
2.78]

Included in Inal model
N 3232 853 603 2519 602 291 1093
Events 185 75 49 100 29 19 63
Age adj HR 1 1.68 1.43 1 1.34 1.78 1.48

[1.23-2.20] [1.04-1.96] [0.88-2.02] [1.09-2.91] [1.08-2.03]
Fully adj 1 1.67 1.42 1 1.30 1.92 1.49
HR [1.27-2.20] [1.03-1.94] [0.86-1.99] [1.17-3.15] [1.00-1.38]

From 1 1.70 1.37 1 1.44 1.78 1.30
imputed [1.30-2.22] [1.01-1.90] [1.00-2.07] [1.13-2.78] [0.96-1.76]
model

HR = hazard ratio [ ] = 95% Cl

Model from Phase 1 -  adjusted for smoking behaviour, exercise, systolic and diastolic 
blood pressure, cholesterol and BMI

Model from Phase 3 - adjusted for smoking, systolic and diastolic blood pressure, 
cholesterol, HDL, bmi, whr, triglyceride and fasting and 2 hour insulin levels
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V.4 The role of underlying coronary heart disease in the association

between distress and future CHD events

V.4.1 Research questions

This section examines the second and third conceptual models. In the second model, 

distress serves to accelerate underlying coronary heart disease; and in the third model, the 

distress: CHD association is confounded by underlying disease. These models are 

compared to the first atherogenic model. Specific research questions addressed are: -

1. Is distress associated with evidence of underlying CHD and, if so, does the presence of 

this underlying disease account for the observed distress: CHD association? This would 

support the third confounded model.

2. Does the association between distress and CHD differ according to the presence of 

underlying disease? If the effect were greater in those with evidence of disease, this would 

offer support for the second acceleration model.

As described in the Methods section IV.4, a marker of underlying disease was created 

using ECG abnormality and Rose angina. In addition, LV mass at Phase 1 was examined. 

Increased LV mass is a risk factor for CHD death and is associated with extra-cardiac 

atherosclerosis. It may therefore be seen as an indicator of underlying disease, but also of 

increased myocardial vulnerability to ischaemia.

V.4.2 Results

V.4.2.1 Associations between markers of underlving disease and psvchological distress 

Table V.4.1 summarises the associations found between ECG abnormality. Rose angina, 

increased left ventricular mass (top quintile), and baseline distress. There was evidence that 

men with distress were more likely to report Rose angina at both baselines, and that this 

difference was more marked in those with more long-term distress. There was no evidence 

that men with distress were more likely to have abnormalities on their ECG, indeed the 

only significant difference found was that men with early distress at Phase 1 were less 

likely to have an ECG abnormality. There were no differences between the psychological
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distress groups in the prevalence of increased LV mass, using either quintiles or the 

continuous variable (results not shown). Using the combined marker of underlying CHD, 

there was evidence, at Phase 3, that men with persistent or former distress were more likely 

to have evidence of underlying disease. Men in the new distress group also had a higher 

prevalence of the marker, although the difference did not achieve significance.

V.4.2.2 Associations between underlving disease and future CHD

Rose angina, ECG and the combined marker were shown to be strong predictors of future 

CHD events. Age adjusted hazard ratios for the different groups of CHD events are shown 

in Table V.4.2, with analyses restricted to men included in the psychological distress 

groups. LV mass at Phase 1 did not predict future combined CHD events, but was a weak 

predictor of CHD death/MI alone.

V.4.2.3 Effect of adiustment for, and stratification bv. markers of underlving disease on the 

distress: CHD association

Tables V.4.3.a to V.4.3.d show the effect of psychological distress on future CHD events 

from both baselines, adjusted for the combined marker of underlying disease and also 

stratified, so that the effect of distress was compared in men with and without the marker. 

Results were also divided by type of event and, for the Phase 1 baseline, by period of 

follow-up. It is apparent that some results were based on very small numbers of events and 

need to be interpreted with caution. Tables V.4.4 and V.4.5 show the distress: CHD 

association from Phase 1 adjusted for, and stratified by. Rose angina and ECG abnormality 

respectively. Small numbers in these subgroups, e.g. 14 men with early distress and Rose 

angina, did not allow examination of shorter periods of follow-up in these analyses.

Adjustment for underlying disease strengthened the effect of early distress at Phase 1 and 

weakened the effect of recurrent distress slightly, although it remained significant. 

Adjustment weakened the effect of new distress from Phase 3, but again the effect 

remained significant. Tables V.4.4 and V.4.5 show that adjustment for Rose angina and 

ECG abnormality had opposite effects on the early distress: CHD association, as would be 

predicted from their associations with distress shown in Table V.4.1. Adjustment for Rose 

angina weakened, and for ECG abnormality strengthened, the effects.

133



Stratification by the combined marker showed that the effect of early distress on CHD 

events from Phase 1 was consistently higher in men with this indicator of underlying CHD, 

with an almost significant interaction. The effect of early distress was 1.36 [0.88-1.80] in 

men without and 2.49 [1.31-4.72] in men with evidence of underlying disease. The 

interaction term was of borderline significance, with a p value of 0.096. This strengthening 

appeared greater in the second period of follow-up and was seen for both CHD death/MI 

and angina. Findings with recurrent distress were less consistent, but there was some 

evidence that the effect of recurrent distress on angina was weaker in those with markers of 

underlying CHD. From Phase 3, although interactions were not significant, there was a 

pattern of the effect of new distress being greater in those with the marker of underlying 

disease.The hazard ratios for new distress were 1.57 [0.95-2.59] in men without markers 

and 2.60 [0.91-7.47] in men with markers of underlying disease. However, these results are 

based on five events. When the distress: CHD association from Phase 1 was stratified by 

ECG and Rose angina separately (Tables V.4.4 and V.4.5) it was seen that the effect of 

early distress was greater in both groups with the marker present, despite adjustment for 

these variables having opposite effects on the early distress: CHD relationship. The effect 

of distress on angina was responsible for the increased effect size seen for early distress in 

men with Rose angina.

These stratified results are shown fully adjusted for other risk factors in Table V.4.6. The 

increase in risk in the early and new groups in strata with underlying markers is not 

reduced by these adjustments, although small numbers were involved.

Adjustment for LV mass did not affect the distress: CHD association (Table V.4.7) which 

was not surprising given the weak or non-existent associations between LV mass and both 

distress and CHD events. However, the stratification results give good evidence that the 

effect of distress was greater in men with increased LV mass. This effect was seen for 

both recurrent and early distress. Results by different subgroups of events are not shown 

and were limited by very small numbers in strata but the interaction for recurrent distress 

and increasing LV mass with CHD death/MI as outcome was significant (beta = 0.30, 

p=0.07), as was that for early distress and increasing LV mass for angina (beta =0.15, 

p=0.08). LV mass data were missing on 30% of the men included in the Phase 1 

psychological distress groups and this is a potential source of bias. Initial analyses
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suggested that men with missing LVM data were not significantly different from those 

with LVM data in respect to age, employment grade, prevalence of Rose angina or risk of 

future CHD event. They were more likely to have an ECG abnormality suggestive of 

ischaemia (6.9% in those missing LVM data compared to 5.1 % in those with LVM data, 

p=0.01) and there was a tendency for men with missing LVM data to report more 

psychological distress (p=0.09).

V.4.3 Discussion

If distress is acting as an atherogenic risk factor, as in the first model, it would be expected 

that the association between distress and CHD events would be independent of underlying 

disease, and that the effect would be seen in those with no indication of underlying disease. 

It might also be predicted that the effect persists over a relatively long time period, i.e. up 

to 10 years. In the second acceleration model, it would be anticipated that distress has 

greater effect in those with underlying disease, and that the time-span of the effect might 

be shorter, perhaps two years. In the third confounded model, there would be a strong 

association between distress and markers of underlying disease, and adjustment for, or 

stratification by, these markers would reduce the effect size considerably.

These results do not support the third confounded model, since there were only a few weak 

associations between the distress groups and the underlying CHD markers. Only persistent 

distress at the Phase 3 baseline was significantly associated with the markers of underlying 

disease, so this is unlikely to explain all the associations found. Furthermore, when 

analyses were adjusted for and stratified by underlying disease, the effects persisted or 

strengthened.

The second model holds that distress increases the progression of underlying disease; so 

the risk associated with distress should be higher in the group with underlying markers. 

The results offer considerable support for this model, but suggest that this effect is 

important only for transient symptoms. Findings for more chronic distress are more 

supportive of the first atherogenic model.
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v.4.3.1 Evidence for the acceleration model

The interaction between early distress and markers of underlying disease for CHD events 

from the Phase 1 baseline approached significance and a similar pattern, although with a 

non-significant interaction, was found for new distress from Phase 3. The fact that the 

trends were consistent from both baselines using different definitions of transient 

symptoms, in both periods of follow-up from the Phase 1 baseline, and for both markers of 

underlying disease argues for the validity of this finding.

The time-scale of these effects is a somewhat unexpected. It might be predicted that the 

increase in risk in the group with markers of underlying disease would be greatest in the 

initial period of follow-up, consistent with Kop’s suggestion of a two year time-scale for 

episodic risk factors. These results show that the effect can be delayed for six years, 

suggesting that psychological distress potentiates disease progression some time before the 

final event. In further analyses, the effect of former distress from the Phase 3 baseline was 

stratified by underlying markers at Phase 1, rather than by markers at Phase 3 as shown in 

the Table V.4.3.d. The effect sizes were 1.37 [0.80-2.10] in those with no markers and 

2.55 [1.16-5.63] in those with markers. The interaction was significant (beta=0.36, 

p=0.002). Thus underlying markers at the time of Phase 3, when no distress was reported 

led to a modest, non-significant increase in the risk of CHD events after Phase 3, whereas 

distress and underlying markers together at the earlier baseline were associated with a 

larger increase in the risk of events five or more years later. Since the early and former 

distress groups overlap, these analyses parallel those with early distress shown in Table 

V.4.3.C.

These findings suggest that part of the effect of distress on future CHD events, particularly 

more transient distress, is due to action on underlying disease. The role of detection bias in 

these findings must be addressed, since it is plausible that the apparent increase in the 

effect of distress in those with markers of underlying disease is due to either increased self- 

reporting or increased diagnosis by doctors.

1. Self-reported events. The contribution of self-reported endpoints to the associations 

was evaluated by removing self-reported events and repeating the analyses (Table 

V.4.8). Very few CHD endpoints in the men with markers were self-reported and
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so changes were marginal. For angina, the increase in effect size of transient 

distress in men with markers of underlying disease was, if anything, more marked, 

when self-reported cases were removed. For CHD death/MI, the number of cases 

was too small to interpret the changes.

2. Increased diagnosis. Other than self-report, detection bias could still account these 

findings because distress acts by ensuring that those with symptoms are going to 

seek medical advice and thus gaining a diagnosis. Although this cannot be 

excluded as contributing factor, evidence that this is not the entire explanation is as 

follows: -

a. The increase in the effect size was seen for CHD death/MI as well as 

angina.

b. The time-scale of effect, with greatest effect delayed for some years after 

the co-existence of distress and marker.

c. Furthermore, an increase in effect was seen in men with an ECG 

abnormality which may be asymptomatic, although this group will have 

received notification of their ECG result after screening and been advised to 

consult their doctor.

d. Additional support is given by the findings with LV mass, which was not 

included in screening results and could be expected to be largely 

asymptomatic. The exact meaning of increased LV mass is somewhat 

unclear, but it certainly represents a condition where the heart is more 

vulnerable.

The findings with LVM are of interest but need to be treated with caution due to the extent 

of missing data. The fact that those missing LVM data were more likely to have had an 

ECG abnormality suggests that cases are missing from the top of LVM distribution. 

Analyses suggest that these missing men may also have more distress, so that the increased 

effect of distress observed in the top quintiles could only be produced by bias if the 

missing men (with distress and in the higher LVM quintiles) were less likely to have had 

CHD events, which was not demonstrated. Imputation analyses were run and in these 

results (not shown) the differences in the effect size of distress effect between the LVM
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quintiles were not as clear and interactions were no longer significant. However, bias from 

missing data is not an obvious explanation for the observed findings, and the results are 

consistent with others concerning the role of underlying disease.

Taken together, these results are consistent with the second model where distress is having 

a greater effect on hearts that are already showing evidence of underlying disease or strain. 

This is found more consistently for transient distress.

V.4.3.2 Evidence for atherogenic model

The results are not consistent with an acceleration model explaining all of the associations 

between distress and future CHD, as there is clear evidence of an effect of distress in men 

without markers of underlying disease. The findings with recurrent distress in the early 

follow-up from Phase 1 may reflect reverse causality and should be treated with caution, 

but an increased risk of future CHD in men without markers of underlying disease was 

found for recurrent distress in the later follow-up period from Phase 1 (HR =1.63 [1.10- 

2.40]), and for persistent and new distress at Phase 3 (HR’s =1.53 [1.03-2.24] and 1.57 

[0.95-2.59] respectively). This suggests that distress is also acting higher up the causal 

pathway to promote atherogenesis development at an earlier stage.

This support for two contrasting models supports the concept that chronic and transient 

symptoms act in different ways and at different points along the causal pathway. This may 

reflect the fact that the various exposure groups may be measuring different components of 

psychological risk. Stepwise selection models from Phase 1 (results not shown) in the two 

underlying disease strata confirm this pattern with, of the two distress groups, only 

recurrent distress retained in the model for men with no markers, and only early distress 

retained in the model for men with markers.

Small numbers in the underlying disease groups restrict power, but significant findings 

were found in these groups and were consistent from both Phase 1 and Phase 3 baselines. 

Other studies have reported using similar sized subgroups*^’ One potential explanation 

for the increase in risk observed with distress in these subgroups is that the associations 

between distress and confounders were stronger in these groups. This was examined for all 

the risk factors considered in section V.3. The results stratified by underlying disease are

138



shown fully adjusted in Table V.4.6, but the analyses have also been performed with one 

confounder at a time. Small numbers, particularly in the Phase 3 baseline groups, mean 

that the results of such adjustments must be interpreted with caution, but the pattern seen in 

men with markers of underlying disease was similar to that in whole group, with the early 

distress effect maintained after adjustment, and the new distress effect being strengthened. 

The results do not suggest that the apparent increase in the effect size for transient distress 

in those with evidence of underlying CHD is due to confounding in this group.

The finding of an increased effect of transient distress in men with evidence of underlying 

disease needs to be considered together with the pattern found in the previous section, 

where the effect of transient distress seemed to be greater in men who had a better CHD 

risk profile. It is clear that the increase in risk in men with markers of underlying disease is 

not due to adverse risk factors. It is difficult to understand why, for example, early distress 

at Phase 1 has a greater effect in non-smokers than smokers, and in those with lower blood 

pressure but also a greater effect in men with evidence of underlying CHD. This apparent 

contradiction may reflect a real difference in the pathogenetic pathways involved, between 

those with an adverse risk factor profile and those with evidence of disease.

V.4.4 Summary

There is little evidence in these data to support the third confounded model. The effect of 

transient distress appears to be greater in men with evidence of underlying disease, 

supporting an acceleration model, although this effect persisted for over six years. 

However, not all the effect of distress was due to an effect on underlying disease with good 

evidence of an effect of long-term distress in men with no evidence of disease, supporting 

the first atherogenic model. This support for two different models suggests that the 

different distress groups may act in different ways to produce CHD events.
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Table V.4.1 Associations between psychological distress and markers of underlying

CHD and increased left ventricular mass at the Phase 1 and Phase 3 baselines.

Psychological 
distress group Never

Phase 1 
Rec Early Never

Phase 3 
Persistent New Former

Rose angina 
N 3376 887 626 3018 746 363 1316
n 46 26 14 36 22 10 26
% 1.4 2 g*** 2.2* 1.2 3.0*** 2.8** 2.0**
Age adj % 1.4 2 g*** 2.2* 1.2 3.1*** 2.8** 2.0**
ECG abnormality 
N 3406 897 633 2888 703 347 1269
n 208 44 27 109 27 13 59
% 6.1 4.9 4.3* 3.8 3.8 3.8 4.7
Age adj % 6.1 5.2 4.3 3.7 4.0 3.9 4.7
Combined marker
N 3401 893 633 3022 746 365 1316
n 251 69 40 144 49 23 84
% 7.4 7.7 6.3 4.8 6.6** 6.3 6.4**
Age adj % 7.4 8.0 6.3 4.6 6.9** 6.5 6.4**
Top quintile LVM
N 2373 607 424
n 466 114 79
% 19.6 18.6 18.6
Age, grade, BP 
& ethnic adj %

19.5 19.3 19.2

Rec = recurrent.
0.1 > p >0.05; ** 0.05 > p > 0.01 ; *** p<0.01 compared to never group.
ECG abnormality = evidence of ischaemia. Any of the following Minnesota codes: 
diagnostic Q waves (MC: all 1-1, 1-2-1 to 1-2-5, and 1-2-7); equivocal Q waves (MC: 1- 
2-8 and all 1-3); ST segment depression ( MC: 4-1 to 4-3); T wave inversion (MC: 5-1 to 
5-3); or left bundle branch block (MC: 7-1-1)
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Table V.4.2 Associations between markers of underlying CHD and LVM, and future
CHD events (Age adjusted hazard ratios shown)

Rose angina ECG
abnormality

Combined
marker

LV mass 
(as quintile)

Phase 1
All events 3.26 3.19 3.18 1.03

[1.97-5.40] [2.36-4.31] [2.41-4.19] [0.94-1.13]
CHD death/MI 3.06 3.84 3.64 1.12

[1.43-6.54] [2.56-5.75] [2.49-5.32] [0.99-1.28]
Angina 3.71 2.76 2.93 0.94

[1.89-7.28] [1.76-4.33] [1.96-4.39] [0.82-1.07]

Phase 3
All events 2.70 2.73 2.73

[1.51-4.82] [1.78-4.16] [1.91-3.91]
CHD death/MI 1.45 3.65 2.93

[0.46-4.55] [2.12-6.30] [1.78-4.85]
Angina 4.08 1.95 2.62

[2.07-8.05] [0.99-3.85] [1.57-4.38]
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Table V.4.3 Effect of adjusting for, and stratifying by, markers of underlying disease on the distress: CHD association, by type of
event, and period of follow-up

a. From the P lase 1 baseline. Whole period of follow-up
Psychological ALL NO MARKERS WITH MARKERS
distress Never Recurrent Early Never Recurrent Early Never Recurrent Early
group
All events
N 3401 898 633 3150 829 593 251 69 40
Events 192 79 50 155 66 37 37 13 13
Age adj HR 1 1.72 1.40 1 1.78 1.36 1 1.40 2.49#

HR adj for 1
[1.32-2.24]
1.70

[1.02-1.91]
1.45

[1.33-2.38] [0.88-1.80] [0.74-2.64] [1.31-4.72]

marker [1.31-2.21] [1.06-1.97]
Death /MI
Events 108 37 14 87 27 11 21 10 3
Age adj HR 1 1.46 0.71 1 1.33 0.67 1 1.77 1.14

HR adj for 1
[1.01-2.12]
1.43

[0.41-1.24]
0.75

[0.86-2.05] [0.36-1.27] [0.83-3.78] [0.34-3.84]

marker [0.98-2.08] [0.43-1.31]
Angina
Events 84 42 36 68 39 26 16 3 10
Age adj HR 1 2.09 2.29 1 2.39 2.00 1 0.80@ 5.12

HR adj for 1
[1.44-3.03]
2.08

[1.55-3.38]
2.37

[1.61-3.55] [1.27-3.14] [0.23-2.75] [2.29-11.45]

marker [1.43-3.01] [1.61-3.51]

K)

@ significant interaction beta = -1.12 p=0.09 # significant interaction beta = 0.31 p=0.10 
Underlying disease marker = Rose angina or ECG abnormality



Table V.4.3 Effect of adjusting for, and stratifying by, markers of underlying disease on the distress: CHD association, by type of
event, and period of follow-up

b. From the Phase 1 baseline. 1*‘ six years of follow-up
Psychological ALL NO MARKERS WITH MARKERS
distress Never Recurrent Early Never Recurrent Early Never Recurrent Early
group
All events
N 3401 898 633 3150 829 593 251 69 40
Events 83 37 20 64 30 14 19 7 6
Age adj HR 1 1.92 1.28 1 2.01 1.15 1 1.49 1.99

HR adj for 1
[1.31-2.85]
1.89

[0.78-2.08]
1.32

[1.30-3.11] [0.64-2.05] [0.62-3.55] [0.79-5.02]

marker [1.28-2.79] [0.81-2.15]

Death /MI
Events 51 17 7 35 11 6 16 6 1
Age adj HR 1 1.49 0.75 1 1.40 0.92 1 1.45 0.54

HR adj for 1
[0.86-2.59]
1.42

[0.34-1.60]
0.83

[0.71-2.76] [0.39-2.18] [0.56-3.72] [0.07-4.06]

marker [0.82-2.46] [0.38-1.83]

Angina
N
Events 32 20 13 29 19 8 3 1 5
Age adj HR 1 2.69 2.14 1 2.79 1.43 1 1.51 10.7

HR adj for 1
[1.54-4.79]
2.69

[1.12-4.07]
2.17

[1.56-5.00] [0.65-3.13] [0.16-14.6] [2.52-45.7]

marker [1.53-4.71] [1.14-4.14]

4^w

Underlying disease marker = Rose angina or ECG abnormality



Table V.4.3 Effect of adjusting for, and stratifying by, markers of underlying disease on the distress: CHD association, by type of
event, and period of follow-up

c. From the Phase 1 hasehne. Seven years + of follow-up
Psychological ALL NO MARKERS WITH MARKERS
distress group Never Recurrent Early Never Recurrent Early Never Recurrent Early
All events
N 3268 854 609 3043 792 575 225 62 34
Events 109 42 30 91 36 23 18 6 7
Age adj HR 1 1.57 1.49 1 1.63 1.33 1 1.29 2.97

HR adj for 1
[1.10-2.25]
1.56

[0.99-2.23]
1.54

[1.10-2.40] [0.84-2.11] [0.51-3.26] [1.22-7.23]

marker [1.09-2.23] [1.03-2.30]

Death /MI
Events 57 20 7 52 16 5 5 4 2
Age adj HR 1 1.44 0.67 1 1.29 0.52 1 2.74 2.75

HR adj for 1
[0.86-2.40]
1.43

[0.31-1.48]
0.69

[0.73-2.26] [0.21-1.29] [0.73-10.4] [0.52-14.5]

marker [0.85-2.38] [0.31-1.51]

Angina
Events 52 22 23 39 20 18 13 2 5
Age adj HR 1 1.73 2.39 1 2.10 2.42 1 0.63 3.35

HR adj for 1
[1.05-2.86]
1.72

[1.46-3.89]
2.51

[1.22-3.61] [1.39-4.23] [0.11-2.80] [1.17-9.57]

marker [1.04-2.83] [1.54-4.11]

Underlying disease marker = Rose angina or ECG abnormality



Table V.4.3 Effect of adjusting for, and stratifying by, markers of underlying disease on the distress: CHD association, by type of
event, and period of follow-up

d. From the Phase 3 baseline
Psychological ALL NO MARKERS W IT H  MARKERS
Distress Never Persistent New Former Never Persistent New Former Never Persistent New Former
group
N 3022 747 364 1316 2878 697 341 1232 144 49 23 84
All events
Events 119 39 23 67 106 35 18 54 13 4 5 13
Age adj HR 1 1.48 1.77 1.31 1 1.53 1.57 1.21 1 0.99 2.60 1.75

[1.03-2.13] [1.13-2.78] [0.97-1.75] [1.04-2.24] [0.95-2.59] [0.87-1.67] [0.32-3.05] [0.91-7.47] [0.81-3.79]
HR adj for 1 1.44 1.74 1.28
marker [1.00-2.07] [1.11-2.73] [0.95-1.73]
Death /MI
Events 61 18 11 32 55 17 8 24 6 1 3 8
Age adj HR 1 1.34 1.70 1.24 1 1.43 1.38 1.05 1 0.53 3.27 2.28

[0.79-2.28] [0.89-3.23] [0.81-1.90] [0.83-2.48] [0.65-2.89] [0.65-1.69] [0.06-4.46] [0.79-13.50] [0.79-6.61]
HR adj for 1 1.29 1.66 1.21
marker [0.76-2.19] [0.87-3.15] [0.79-1.85]

Angina
Events 58 21 12 35 51 18 10 30 7 3 2 5
Age adj HR 1 1.65 1.91 1.41 1 1.65 1.82 1.39 1 1.32 2.11 1.34

[1.00-2.73] [1.02-3.56] [0.93-2.14] [0.96-2.83] [0.92-3.59] [0.88-2.18] [0.34-5.18] [0.43-10.45] [0.42-4.23]
HR adj for 1 1.60 1.89 1.39
marker [0.97-2.64] [1.01-3.52] [0.91-2.11]

Underlying disease marker = Rose angina or ECG abnormality .



Table V.4.4 Effect of adjusting for, and stratifying by, Rose angina on the distress: CHD association, from the Phase 1 baseline,
whole period of follow-up

Psychological
distress
groups

ALL NO ROSE ANGINA WITH ROSE ANGINA
Never Recurrent Early Never Recurrent Early Never Recurrent Early

N 3376 887 626 3330 861 612 46 26 14
All events
Events 189 76 47 182 72 42 7 4 5
Age adj HR 1 1.69 1.39 1 1.69 1.26 1 0.90 1.79

[1.29-2.20] [0.97-1.84] [1.18-2.22] [0.90-1.76] [0.26-3.08] [0.55-5.78]
HR adj for 1.63 1.31
Rose angina [1.25-2.13] [0.95-1.81]
Death / MI
Events 108 35 12 104 32 12 4 3 0
Age adj HR 1 1.38 0.61 1 1.34 0.67 1 1.09

[0.94-2.03] [0.34-1.11] [0.90-2.00] [0.35-1.16] [0.24-4.90]
HR adj for 1 1.33 0.61
Rose angina [0.91-1.96] [0.33-1.10]

Angina
Events 81 41 35 78 40 30 3 1 5
Age adj HR 1 2.12 2.31 1 2.18 2.08 1 0.53 4.50

[1..46-3.10] [0.55-3.44] [1.19-3.20] [1.36-3.17] [0.06-51.7] [1.03-19.8]
HR adj for 1 2.05 2.27
Rose angina [1.40-2.99] [1.53-3.37]
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Table V.4.5 Effect of adjusting for and stratifying by ECG abnormality on the distress: CHD association from the Phase 1 baseline,
whole period of follow-up

Psychological
distress
group

ALL NO ECG ABNORMALITY WITH ECG ABNORMALITY
Never Recurrent Early Never Recurrent Early Never Recurrent Early

N 3406 897 633 3192 853 606 208 44 27
All events
events 192 79 50 160 69 41 32 10 9
Age adj HR 1 1.72 1.40 1 1.78 1.33 1 1.65 2.71

[1.33-2.24] [1.02-1.91] [1.34-2.36] [0.95-1.88] [0.80-3.39] [1.27-5.82]
HR adj for 1 1.76 1.48
ECG abnorm [1.35-2.30] [1.08-2.02]
Death / MI
events 108 37 14 90 29 11 18 8 3
Age adj HR 1 1.47 0.71 1 1.36 0.65 1 2.26 1.72

[1.01-2.13] [0.41-1.24] [0.89-2.06] [0.35-1.22] [0.98-5.26] [0.50-5.94]
HR adj for 1 1.49 0.77
ECG abnorm [1.03-2.18] [0.44-1.39]

Angina
events 84 42 36 70 40 30 14 2 6
Age adj HR 1 2.09 2.29 1 2.36 2.21 1 0.79 4.75

[1.44-3.04] [1.55-3.38] [1.60-3.49] [1.44-3.40] [0.12-3.51] [1.76-12.9]
HR adj for 1 2.15 2.41
ECG abnorm [1.46-3.12] [1.63-3.57]
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Table V.4.6 Final models of the distress: CHD association stratified by the combined marker of underlying disease, and fully
adjusted for other confounders

a. From the Phase 1 )aseline
NO MARKERS WITH MARKERS

Never Recurrent Early Never Recurrent Early

Whole group
N 3150 829 593 251 69 40
Events 155 66 37 37 13 13
Age adj HR 1 1.78 [1.33-2.38] 1.36 [0.88-1.80] 1 1.40 [0.74-2.64] 2.49 [1.31-4.72]

Final model
N 2991 791 563 241 62 40
Events 149 63 36 36 12 13
Age adj HR 1 1.74 [1.30-2.34] 1.29 [0.89-1.85] 1 1.38 [0.72-2.68] 2.42 [1.27-4.59]

Fully adjusted HR 1 1.72 [1.28-2.32] 1.30 [0.90-1.87] 1 1.53 [0.78-2.99] 2.40 [1.24-4.64]

Imputed model 1 1.75 [1.30-2.34] 1.26 [0.88-1.80] 1 1.53 [0.80-2.94] 2.50 [1.30-4.83]

4̂
00

Underlying disease marker = Rose angina or ECG abnormality
Model from Phase 1 -  adjusted for smoking behaviour, exercise, systolic and diastolic blood pressure, cholesterol and BMI



Table V.4.6 Final models of the distress: CHD association stratified by the combined marker of underlying disease, and fully
adjusted for other confounders

b. From the Phase 3 baseline
Psychological NO MARKERS WITH MARKERS
distress Never Persistent New Former Never Persistent New Former
group
Whole
group
N 2878 697 341 1232 144 49 23 84
Events 106 35 18 54 13 4 5 13

Age adj HR 1 1.53 1.57 1.21 1 0.99 2.60 1.75
[1.04-2.24] [0.95-2.59] [0.87-1.67] [0.32-3.05] [0.91-7.47] [0.81-3.79]

Final model
N 2394 558 272 1021 127 44 19 73
Events 90 27 15 51 10 2 4 12
Age adj HR 1 1.42 1.57 1.35 1 0,63 3.12 2.33

[0.92-2.19] [0.91-2.71] [0.96-1.91] [0.14-2.89] [0.94-10.3] [1.00-5.44]
Fully adj HR 1 1.36 1.67 1.35 1 0.98 4.48 3.10

[0.85-2.10] [0.96-2.90] [0.95-1.90] [[0.20-4.75] [1.22-16.4] [1.24-7.73]

Imputed 1 1.43 1.57 1.18 1 1.41 3.64 2.26
model [0.97-2.12] [0.95-2.60] [0.85-1.65] [0.44-4.59] [1.18-11.23] [0.99-5.14]

Underlying disease marker = Rose angina or ECG abnormality
Model from Phase 3 adjusted for smoking, systolic and diastolic blood pressure, cholesterol, HDL, bmi, whr, triglyceride and fasting and 2 
hour insulin levels



Table V.4.7 Effect of adjusting for, and stratifying, by LV mass on the distress: CHD
association, from Phase 1 baseline

Psychological 
Distress group

Never Recurrent Early

N
Events 
Age adj HR 
HR adj for LVM

2373
137
1
1

607
57
1.84 [1.35-2.51]
1.84 [1.35-2.52]

424
39
1.62 [1.14-2.32] 
1.64 [1.15-2.34]

Results stratified by LVM quintile 
Bottom
N 463 
Events 33 
Age adj HR 1

119
9
1.20 [0.57-2.51]

105
6
0.81 [0.31-1.93]

1
N
Events 
Age adj HR

510
30
1

126
10
1.40 [0.68-2.86]

72
9
2.15 [1.02-4.54]

2
N
Events 
Age adj HR

462
23
1

124
9
1.80 [0.83-3.92]

91
6
1.44 [0.59-3.54]

3
N
Events 
Age adj HR

503
27
1

133
14
1.82 [0.91-3.62]

85
9
2.15 [1.01-4.57]

Top
N
Events 
Age adj HR

435
24
1

105
15
3.35 [1.79-6.27]

71
9
2.23 [1.03-4.81]

Interaction beta=0.26
p=0.03

beta=0.11
p=0.10
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Table V.4.8 Associations between distress and future CHD events, stratified by markers of underlying CHD, with and without self-
reported (SR) events

NO MARKERS WITH MARKERS
Phase 1 Never Recurrent Early Never Recurrent Early
baseline
Death/Ml
Events 87 27 11 21 10 3
Age adj HR 1 1.33 [0.86-2.05] 0.67 [0.36-1.27] 1 1.77 [0.83-3.78] 1.14 [0.34-3.84]
No SR events 81 25 10 21 8 3
Age adj HR 1 1.34 [0.85-2.10] 0.66[0.34-1.28] 1 1.43 [0.63-3.25] 1.15 [0.34-3.88]
Angina
Events 68 39 26 16 3 10
Age adj HR 1 2.39 [1.61-3.55] 2.00 [1.27-3.14] 1 0.80 [0.23-2.75] 5.12[2.29-11.45]
No SR events 50 29 16 15 3 10
Age adj HR 1 2.53 [1.60-4.01] 1.68 [0.95-2.94] 1 0.84 [0.24-2.93] 5.47 [2.42-12.36]

Phase 3 Never Persistent New Former Never Persistent New Former
baseline
Death /MI
Events 55 17 8 24 6 1 3 8
Age adj HR 1 1.43 [0.83-2.48] 1.38 [0.65-2.89] 1.05 [0.65-1.69] 1 0.53 [0.06-4.46] 3.27 [0.79-13.50] 2.28 [0.79-6.61]
No SR events 52 14 7 21 6 1 2 6
Age adj HR 1 1.26 [0.70-2.28] 1.29 [0.58-2.83] 0.97[0.58-1.61] 1 0.55 [0.07-4.62] 2.27 [0.45-11.51] 1.76 [0.56-5.49]
Angina
Events 51 18 10 30 7 3 2 5
Age adj HR 1 1.65 [0.96-2.83] 1.82 [0.92-3.59] 1.39 [0.88-2.18] 1 1.32 [0.34-5.18] 2.11 [0.43-10.45] 1.34 [0.42-4.23]
No SR events 40 12 6 21 6 3 2 4
Age adj HR 1 142 [0.74-2.71] 1.41 [0.60-3.34] 1.25 [0.74-2.12] 1 1.52 [0.38-6.18] 2.33 [0.46-11.87] 1.23 [0.34-4.38]

SR events = self-reported events. HR = hazard ratio from Cox models. Marker = Rose angina or ECG abnormality.



V.5 The role of inflammatory variables in the association between

distress and future CHD events

V.5.1 Research Questions

The potential role of inflammation in the distress: CHD pathway is complex. As discussed 

in section II.3.5, inflammatory processes may be mediators between psychological distress 

and CHD, but may be also be involved in the development and maintenance of distress 

itself. Furthermore, work on vital exhaustion has indicated that an increase in 

inflammatory processes may explain why incipient CHD events are associated with reports 

of exhaustion and psychological distress in a confounded relationship. With reference to 

the conceptual models, inflammatory processes may be involved in first atherogenic model 

as the mediating pathway. In the third confounded model, an increase in inflammatory 

variables, associated with an incipient CHD event, may lead to symptoms of psychological 

distress^^^. In the second acceleration model, at least two alternative roles of inflammation 

are possible: -

a. an increase in inflammation associated with distress leads to an acceleration of 

atherosclerosis

or

b. distress has a greater impact in individuals with increased inflammatory variables 

due to underlying disease.

Finally in the fourth model, the development of distress in response to external stressors 

may be due to an imbalance of inflammatory mediators. Since this latter disturbance is 

likely to be at the neurotransmitter level, it will not be possible to examine this in these 

data. This section will deal with the following specific research questions: -

1. Is distress associated with increased levels of inflammatory variables at baseline ?

2. If so, do inflammatory processes account for the observed increased CHD risk 

associated with distress?

3. Do these associations differ in those with and without markers of underlying disease? 

If the associations were stronger in those with underlying disease, it would support a role 

for inflammation in the acceleration process.
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Data available within Whitehall II includes white blood count at Phase 1 and fibrinogen at 

Phases 1 and 3. Analyses followed the same pattern as in previous sections. Given the 

uncertainty regarding the independence of associations between inflammatory variables 

and distress from other CHD risk factors (Sections II.3.5 and IL3.6), analyses of the 

associations between distress and inflammatory variables, and the associations between 

inflammatory variables and future CHD events were adjusted for other CHD risk factors.

V.5.2 Results

V.5.2.1 Associations between distress and inflammatory variables at baseline (Table V.5.If 

White blood cell count at Phase 1

As discussed in Methods section IV.4, a white blood cell count was available only on a 

subsample of participants and was rounded to the nearest integer. The distribution was 

non-normal but normality was improved by log transformation (Appendix II). The log 

counts were then divided into tertiles, within sexes across whole population, although for 

lymphocyte count it was only possible to divide at the approximate median. Means shown 

are age adjusted geometric means. White blood count was available on 1603 of the 4932 

(32.5%) men included in Phlgp, the psychological distress group at Phase 1.

Using the never group as comparison, it was found that WBC count was increased in the 

recurrent group, but not significantly so in the early distress group. Examination of the 

separate counts for granulocyte and lymphocyte showed that the lack of association 

between the whole WBC count and early distress was the result of two opposite trends, 

with granulocyte count lower but lymphocyte count higher in the early distress group. For 

the recurrent group, both counts were higher than in the never group. Adjustment for both 

underlying CHD and for important potential confounders (based on Danesh’s meta- 

analysis^^^) did not reduce these associations with distress. Examination of these 

associations within strata of underlying CHD markers was severely limited by small 

numbers in the group with markers. Despite this, there was a significant rise in the 

granulocyte count in the men with early distress and markers of underlying CHD. Due to 

the small numbers in groups and the non-normal distribution of the data, analyses were

153



repeated using non-parametric methods, including Kruskal-Wallis analysis of variance, 

with no adjustment for age or other confounders. Although the means differed from the 

geometric mean presented in the tables, the pattern and significance of associations was the 

same (results not shown).

Fibrinogen

At Phase 1, fibrinogen results were available on only 1537 of the 4932 (31.2%) men 

included in Phlgp and the sample was restricted to older men, aged 45 years and over. At 

Phase 3, 4844 out of 5303 (91.3%) men included in Ph3gp had fibrinogen data. There was 

some evidence at Phase 1 that men with recurrent distress had lower fibrinogen, but the 

larger sample at Phase 3 showed a higher level of fibrinogen in men with new distress. 

This was particularly apparent in the small group of men with markers of underlying CHD 

and when the percentage in the top quintile was considered. This increase in fibrinogen 

was independent of potential confounders, such as health behaviours, cholesterol, blood 

pressure and social classf^^.

V.5.2.2 Associations between inflammatorv variables and indicators of underlving CHD 

(Table V.5.2)

These associations were examined in men who were included in Phlgp or Ph3gp, 

excluding those with validated events at the relevant baseline. There were no associations 

between ECG abnormality and inflammatory markers, but reporting Rose angina was 

associated with a higher granulocyte count at Phase 1, a lower fibrinogen at Phase 1 and 

higher fibrinogen at Phase 3. At Phase 3, an increase in fibrinogen was significantly 

associated with the presence of the combined marker of underlying disease. There were no 

associations between inflammatory variables and LVM at Phase 1. Non-parametric 

analyses confirmed these findings (results not shown).

V.5.2.3 Associations between inflammatorv variables and future CHD events (Table 

V.5.3)

Table V.5.3 shows that increasing lymphocyte count was a strong predictor of future CHD 

events, especially CHD death/MI. However adjustment weakened these associations 

considerably and suggests that they may reflect confounding, as blood count was 

particularly strongly associated with smoking behaviour. Associations with angina were
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weaker and even in analyses adjusted for age only, granulocyte count did not predict future 

events. Fibrinogen, at both Phase 1 and Phase 3, was a strong predictor of death/MI and 

hence of all events, but not of angina alone. Adjustment reduced these associations 

considerably, but they remained borderline significant.

V.5.2.4 Effect of adjusting distress effect for inflammatorv variables (Tables V.5.4 and 

V.5.5I

The small numbers with WBC or fibrinogen data at Phase 1 did not allow for stratification 

by inflammatory variables, but Table V.5.4 shows that adjustment for inflammatory 

variables had marginal effects on the association between distress and future CHD. There 

was a suggestion that adjustment for WBC and granulocyte count reduced the effect of 

early distress. When results were stratified by markers of underlying disease (Table 

V.5.5.), despite small numbers of men with markers and inflammatory data, the increase in 

the early distress: CHD effect size was still seen. In this subgroup the increase was also 

apparent for recurrent distress, reflecting the selected sample with data on inflammatory 

variables. When adjustment was repeated within these strata, there was, again, no reduction 

in effect size.

The distress: CHD association from the Phase 3 baseline was unaffected by adjusting for 

fibrinogen. When the distress: CHD association from Phase 3 was stratified by fibrinogen 

quintile (full results not shown), the new distress effect was stronger in the top quintile 

(age adjusted hazard ratio compared to never group = 3.70 [1.71-7.87]) but there were no 

significant interactions. After stratification, the increase in effect size for new distress 

within the group of men with underlying disease markers was also unaffected by 

adjustment for fibrinogen, despite the finding that this group had high fibrinogen levels 

(Table V.5.1.b).

V.5.3 Discussion

The data available within Whitehall II are far from ideal for the examination of the 

inflammatory hypothesis. Many of the mediators postulated are cytokines and the 

processes involved are essentially dynamic ones, with the homeostasis of the systems 

impaired. The data examined here were relatively crude measures, taken at the time of 

screening and hence are not representing responses to stress. Another major problem is the
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incomplete data at Phase 1. Data were present on only a third of the men included in Phlgp 

and this makes interpretation of results very difficult. The fibrinogen sample, as discussed 

in section IV.4, was restricted to older participants but inclusion in the white blood count 

sample was determined by order of screening. Initial analyses suggest that there were no 

differences in age between men with and without WBC data, but that the higher 

employment grades were over-represented in the subgroup with WBC data. Hence this 

group had a slightly lower risk of CHD events from Phase I . It was not felt appropriate to 

impute results from only 30% of the study population. Furthermore, the WBC data itself is 

lacking in precision.

Despite these considerable reservations, the associations found between early distress and 

WBC at Phase I are consistent with the literature, in that distress was associated with an 

increase in granulyocyte and a decrease in lymphocyte count^^^’ At Phase 3, there was 

good evidence that new distress was associated with higher fibrinogen levels, and this was 

particularly noticeable in the group with markers of underlying CHD. Thus there is 

evidence that distress is associated with an increase in inflammatory processes. This 

association, per se, does not differentiate between the conceptual models. Indeed, such an 

association is required for a role for inflammation in each of the models. These data cannot 

assess direction of causality definitively, i.e. whether distress leads to increase in 

inflammation or vice versa, but the fact that the association with fibrinogen at Phase 3 was 

seen for new distress rather than persistent, and that the disturbance in WBC at Phase 1 

was largest in men with early distress, suggests that inflammation is leading to distress.

There was some evidence that in the transient distress groups (early at Phase 1 and new at 

Phase 3) inflammatory variables were higher in the stratum with underlying disease (early 

distress and granulocyte count; new distress and fibrinogen). One potential explanation for 

this is that inflammation is associated with underlying disease, which is then leading to 

distress. This is similar to the vital exhaustion argument and the third confounded model. 

Although there was some evidence that Rose angina was associated with an increase in 

some inflammatory variables (notably granulocyte count and fibrinogen) and Rose angina 

was associated with distress (Table V.4.1), overall the results do not support this model. 

The increase in inflammatory variables with distress at Phase 1 was seen in the men 

without markers of underlying disease, and no similar associations were found with ECG
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abnormality. Furthermore, Table V.5.1 shows that the associations remained significant 

after adjustment for underlying disease, so that the presence of disease cannot account for 

the associations seen between distress and inflammatory variables. Thus, as in Section V.4, 

there is little evidence to support the third confounded model in these data.

As outlined in section V.5.1, the second acceleration model could involve inflammatory 

processes with either distress leading to increased inflammation or distress acting on an 

already activated inflammatory system. In either scenario, adjusting for inflammatory 

variables would be expected to decrease the effect size of distress in the subgroup with 

markers of underlying CHD, more than in the subgroup without markers. Table V.5.5 does 

not support such a role for inflammation in the acceleration model, since adjustment for 

inflammatory variables did not reduce the effect size. These results are based on very small 

numbers of events, and the sample included may be unrepresentative, as indicated by the 

increase in effect size seen for recurrent in men with markers of underlying CHD (Table 

V.5.5.a) in this group but not in the whole group (Table V.4.3.a). Phase 3 data were more 

complete, but in men with markers at Phase 3 adjusting for fibrinogen did not reduce the 

effect of new distress.

Furthermore, these results do not support the proposal that the distress: CHD association is 

an atherogenic one mediated by inflammatory processes, since no reduction in effect of 

distress was seen after adjustment for inflammatory variables in the groups without 

markers of underlying CHD. Consideration of the results by different type of event 

indicates that this lack of mediation is not surprising, since the inflammatory measures 

studied here were shown to be predictors particularly of CHD death/MI whereas distress 

was associated with future angina, especially from Phase 1. These data suggest that 

inflammation and distress are acting on different pathways to increase the risk of CHD 

events

V.5.4 Summary

There is some weak evidence that activation of the inflammatory system is associated with 

distress. Although this appears to be stronger in men with more transient distress, direction 

of causality cannot be established. There is no evidence in these rather limited data to 

support a role for inflammation as a mediator between distress and future CHD events,
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either in those with or without underlying disease. Underlying disease does not account for 

the observed associations between distress and inflammation.
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Table V.5.1 Associations between baseline distress and inflammatory variables adjusted for, and stratified by, the presence of
markers of underlying CHD, and adjusted for potential confounders

LA
VO

a. Phase 1 baseline
WHOLE GROUP NO MARKER WITH MARKER

Psychological distress gp Never Recurrent Early Never Recurrent Early Never Recurrent Early
N 3401 898 633 3150 829 593 251 69 40
WBC (x  10’ /I)
n 1150 268 185 1068 248 167 87 20 18
mean 6.52 6.75** 6.68 6.51 6.73** 6.66 6.62 6.93 6.94
adj for underlyingCHD+ 6.52 6.75* 6.68
adj for confounders@ 6.51 6.77** 6.69
Granulocyte count ( x 10 /̂1)
n 950 228 161 881 213 145 69 15 16
mean 1.68 3.84 3.92** 168 3.84* 187* 3.72 3.74 4.40*
adj for underlying CHD+ 168 3.84 3.93**
adj for confounders@ 3.67 3.87** 3.95**
Lymphocyte count ( x 10 /̂1)
n 950 227 161 881 212 145 69 15 16
mean 2.35 2.40 2.25* 2.35 2.39 2.24** 2.35 2.62 2.39
adj for underlying CHD+ 2.35 2.40 2.25*
adj for confounders@ 2.34 2.41 2.26
Fibrinogen (g/1)
n 1109 233 195 1004 210 179 105 23 16
mean 2.65 2.59** 2.65 2.64 2.60 2.67 2.70 2.50* 2.40*
adj for underlying CHD+ 2.65 2.59* 2.65
adj for confounders# 2.64 2.59 2.70

Markers of underlying CHD = Rose angina or ECG abnormality.
@ adjusted for bmi, blood pressure , employment grade and smoking behaviour.
# adjusted for bmi, blood pressure , employment grade, smoking behaviour, cholesterol, alcohol and exercise.
* 0.1 > p >0.05; ** 0.05 > p > 0.01 ;*** p<0.01 compared to never group.



Table V.5.1 Associations between baseline distress and inflammatory variables, adjusted for, and stratified by, the presence of
markers of underlying CHD, and adjusted for potential confounders.

b. Phase 3 baseline
WHOLE GROUP NO MARKER WITH MARKER

Psychological distress group Never Persis New Former Never Persis New Former Never Persis New Former
N 3022 747 364 1316 2878 697 341 1232 144 49 23 84
Fibrinogen (g/1)
n 2691 661 322 1170 2558 617 301 1090 133 44 21 80
mean 2.27 2.26 2.30 2.30* 2.26 2.26 228 2.30** 2.40 2.24 2.63* 2.34
% top quintile 18.5 19.2 23.3** 20.0 18.1 19.1 21.6 20.0 27.2 21.4 48.6** 18.9
adj for underlying CHD 18.6 19.2 23.2** 20.0
adj for confounders# 18.6 18.91 22.6* 19.7

o

Persis = persistent
0.1 > p >0.05; ** 0.05 > p > 0.01 ; *** p<0.01 compared to never group 
Markers of underlying CHD = Rose angina or ECG abnormality
# adjusted for bmi, blood pressure , employment grade, smoking behaviour, cholesterol, alcohol and exercise.



Table V.5.2 Associations between inflammatory variables and markers of underlying CHD, age adjusted geometric means
shown

M arker Rose Angina 

No Yes

ECG
abnormality 
No Yes

Combined 
m arker 
No Yes

LVM quintile (Phase 1 only) 

Low 2 3 4 Top
Inflamm atory variable
WBC ( X lO’ /l) Phase 1
n 1559 30 1506 96 1478 125 236 241 227 215 204
mean 6.57 7.07 6.58 6.60 636 6.69 6.54 6.52 6.61 6.42 6.56
Granulocyte count ( x 10 /I Phase 1
n 1301 25 1263 76 1239 100 198 204 184 179 171
mean 3.73 4.29** 3.74 3.67 3.74 3.79 3.72 3.61 335 3.65 3.73
Lymphocyte count ( x 10^/1 Phase 1
n 1300 25 1262 76 1238 100 198 204 184 179 170
mean 2.35 2.44 2.35 238 2.35 2.40 238 2.40 233 2.27 2.33
Fibrinogen Phase 1
n 1489 33 1422 114 1393 144 217 197 177 187 171
mean 2.64 2.40** 2.63 2.70 2.64 2.62 2.62 2.63 238 2.60 2.62
Fibrinogen Phase 3
n 4756 85 4633 195 4566 278
mean 2.27 2.47*** 2.27 2.32 2.27 2.35***

* 0.1 > p >0.05; ** 0.05 > p > 0.01 ; *** p<0.01 compared to No group or bottom quintile
Marker of underlying CHD = Rose angina or ECG abnormality



Table V.5.3 Associations between inflammatory variables and future CHD events, by type of events. Age adjusted & fully adjusted

a. Phase 1 
baseline N

All CHD events 
Events Age adj HR Fully adj HR Events

CHD death / MI
Age adj HR Fully adj HR Events

Angina 
Age adj HR Fully adj HR

White blood count ( x lO’/l) -  Phase 1
Bottom tertile 344 14 1 1 6 1 1 8 1 1
Mid 851 49 1.38 1.22 21 1.41 1.13 28 1.38 1.32

[0.76-2.51] [0.67-2.24] [0.57-3.48] [0.45-2.85] [0.63-3.03] [0.59-2.95]
Top tertile 408 27 1.57 1.06 16 2.20 1.34 11 1.12 0.85

[0.82-2.99] [0.54-2.11] [0.86-5.62] [0.49-3.60] [0.45-2.78] [0.32-2.22]
Continuous 1.18 1.04 1.43 1.22 0.98 0.89
variable [0.96-1.45] [0.83-1.29] [1.08-1.89] [0.90-1.65] [0.73-1.31] [0.83-1.21]
Granulocyte count ( x lO’/l) Phase 1
Bottom tertile 542 25 1 1 9 1 1 16 1 1
Mid 433 27 1.28 1.12 12 1.54 1.31 15 1.14 1.02

[0.74-2.22] [0.65-1.96] [0.65-3.68] [0.55-3.17] [0.56-2.32] [0.50-2.11]
Top tertile 364 23 1.30 0.95 15 2.26 1.63 8 0.73 0.56

[0.73-2.29] [0.52-1.74] [0.98-5.19] [0.68-3.89] [0.31-1.71] [0.23-1.37]
Continuous 1.13 1.02 1.33 1.15 0.97 1.10
variable [0.90-1.43] [0.80-1.29] [0.96-1.84] [0.82-1.62] [0.72-1.32] [0.79-1.53]
Lymphocyte count ( x lOVl) Phase 1
Bottom tertile 787 38 1 1 16 1 1 22 1 1
Top 551 37 1.40 1.07 20 1.81 1.33 17 1.12 0.90

[0.89-2.20] [0.6-1.70] [0.94-3.48] [0.68-2.60] [0.66-2.12] [0.47-1.73]
Continuous 1.41 1.15 1.61 1.35 1.17 1.02
variable [1.11-1.78] [0.91-1.46] [1.15-2.26] [0.95-1.91] [0.85-1.62] [0.74-1.41]
Fibrinogen ( g/1 - Phase 1
Bottom tertile 531 42 1 1 12 1 1 30 1 1
Mid 499 56 1.38 1.28 34 2.97 2.73 22 0.76 0.69

[0.93-2.06] [0.84-1.93] [1.54-5.74] [1.37-5.41] [0.44-1.32 [0.39-1.23]
Top tertile 507 54 1.31 1.15 34 2.94 2.38 20 0.68 0.64

[0.88-1.97] [0.75-1.64] [1.52-5.68] [1.18-4.79] [0.38-1.20] [0.36-1.16]
Continuous 1.15 1.10 1.44 1.12 0.88 0.87
variable [0.98-1.34] [0.94-1.30] [1.17-1.77] [0.80-1.41] [0.70-1.10] [0.68-1.10]



Table V.5.3 Associations between inflammatory variables and future CHD events, by type of events (age adjusted & fully adjusted
hazard ratios shown)

b. From Phase 3 baseline
All CHD events CHD death / MI Angina

N Events Age adj HR Fully adj Events Age adj Fully adj Events Age adj HR Fully adj HR
HR HR HR#

Fibrinogen ( g/1) Phase 3
Bottom 994 28 1 1 10 1 1 18 1 1
quintile
2 995 38 1.30 1.21 17 1.63 1.42 21 1.12 1.10

[0.80-2.12] [0.94-1.98] [0.75-3.56] [0.65-3.11] [0.59-2.10] [0.58-2.09]
3 957 41 1.41 1.17 18 1.73 1.34 23 1.24 1.09

[0.87-2.28] [0.71-1.91] [0.80-3.76] [0.62-2.92] [0.67-2.30] [0.57-2.05]
4 963 61 2.01 1.53 34 3.17 2.10 27 1.39 1.20

[1.28-3.16] [0.96-2.44] [1.56-6.48] [1.02-4.30] [0.76-2.54] [0.64-2.22]
Top quintile 935 52 1.73 1.26 29 2.70 1.71 23 1.20 0.99

[1.09-2.75] [0.78-2.44] [1.31-5.59] [0.82-3.57] [0.64-2.24] [0.52-1.90]

Continuous 1.19 1.08 1.34 1.18 1.06 0.98
variable [1.05-1.35] [0.94-1.23] [1.12-1.60] [0.98-1.43] [0.88-1.27] [0.81-1.19]

o\w

HR = hazard ratio for 1 SD increase o f logged variable
Fully adjusted for bmi, blood pressure , smoking and employment grade for blood count variables

bmi, blood pressure , smoking, employment grade, exercise, alcohol and cholesterol for fibrinogen



Table V.5.4 Associations between psychological distress and future CHD events, adjusted for inflammatory variables
a. Phase 1 baseline

White blood cell count Lymphocyte count Granulocyte count Fibrinogen

Distress: CHD association
Distress Never Recurrent Early fever .̂ecurrent Early Never R̂ ecurrent Early Never Recurrent Early
groups
All events
N 1150 268 185 950 227 161 950 228 161 1109 233 195
Events 55 20 15 47 18 10 47 18 10 98 38 24
Age adj HR 1 1.61 1.71 1 1.65 1.26 1 1.64 1.26 1 1.53 1.42

[0.96-2.69] [0.97-3.02] [0.96-2.85] [0.64-2.49] [0.95-2.82] [0.64-2.49] [1.02-2.31] [0.91-2.22]

+ adj for infl 1 1.88 1.57 1 1.62 1.30 1 1.62 1.23 1 1.57 1.40
variable [0.80-4.41] [0.94-2.62] [0.94-2.79] [0.66-7.81] [0.94-2.79] [0.62-2.44] [1.04-2.36] [0.90-2.19]

Death /MI
Events 29 9 5 26 7 3 26 7 3 58 16 6
Age adj HR 1 1.38 1.11 1 1.20 0.70 1 1.19 0.70 1 1.37 0.62

[0.65-2.92] [0.43-2.87] [0.52-2.76] [0.21-2.31] [0.51-2.74] [0.21-2.31] [0.79-2.39] [0.27-1.44]

+ adj for infl 1 1.32 1.07 1 1.20 0.70 1 1.15 0.67 1 1.44 0.61
variable [0.62-2.79] [0.62-2.79] [0.52-2.76] [0.21-2.31] [0.50-2.66] [0.20-2.20] [0.83-2.52] [0.26-1.42]

Angina
Events 26 11 10 21 11 7 21 11 7 40 14 18
Age adj HR 1 1.87 2.45 1 2.21 1.99 1 2.19 1.99 1 1.80 2.59

[0.92-3.78] [1.18-5.07] [1.06-4.59] [0.85-4.68] [1.06-4.55] [0.85-4.67] [0.98-3.32] [1.48-4.51]

+ adj for infl 1 1.88 2.46 1 2.18 2.02 1 2.21 2.01 1 1.77 2.61
variable [0.93-3.82] [1.19-5.12] [1.05-4.53] [0.86-4.76] [0.33-2.16] 0.85-4.75] [0.96-3.26] [1.50-4.55]

£

HR = hazard ratio for CHD events, using never group as reference. Infl = inflammatory variable.



Table V. 5.4 Associations between psychological distress and future CHD events,
adjusted for inflammatory variables

b. Phase 3 baseline Fibrinogen
Distress: CHD association
Psychological distress Never Persistent New Former
groups
All events
N 2691 661 322 1170

Events 104 37 21 58
Age adj HR 1 1.59 1.87 1.30

[1.09-2.32] [1.17-2.99] [0.94-1.79]
+ adj for fibrinogen 1 1.60 1.85 1.29

[1.09-2.33] [1.16-3.00] [0.93-1.78]
Death /MI
Events 52 17 11 28
Age adj HR 1 1.47 2.00 1.26

[0.85-2.55] [1.04-3.84] [0.80-2.00]
+ adj for fibrinogen 1 1.48 1.95 1.25

[0.85-2.57] [1.02-3.75] [0.79-1.98]
Angina
Events 52 20 10 30
Age adj HR 1 1.73 1.79 1.35

[1.3-2.90] [0.91-3.52] [0.86-2.11]
+ adj for fibrinogen 1 1.73 1.79 1.34

[1.03-2.90] [0.91-3.52] [0.86-2.10]

HR = hazard ratio for CHD events, using never group as reference
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Table V.5.5 Associations between psychological distress and future CHD events,
stratified by markers of underlying CHD and adjusted for inflammatory variables

a. From  Phase 1 baseline
Psychological 

distress groups Never
NO MARKERS 

Recurrent Early Never
WITH MARKERS 

Recurrent Early
N 3150 829 593 251 69 40
WBC
n 1063 248 167 87 20 18
Events 45 15 8 10 5 7
Age adj HR 1 1.43 1.12 1 2.82 3.35

[0.80-2.57] [0.53-2.39] [0.96-8.36] [1.25-8.98]
+adj for infl 1 1.40 1.11 1 2.82 3.35
variable [0.78-2.51] [0.52-2.39] [0.96-3.86] [1.23-9.14]

Lymphocyte count
n 881 212 145 69 15 16
Events 38 14 4 9 4 6
Age adj HR 1 1.53 0.64 1 3.50 2.99

[0.83-2.82] [0.23-1.79] [1.04-11.7] [1.05-8.52]
+adj for infl 1 1.49 0.66 1 3.63 3.07
variable [0.80-2.75] [0.80-2.75] [1.04-12.7] [1.05-8.94]

Granulocyte count
n 881 213 145 69 15 16
Events 38 14 4 9 4 6
Age adj HR 1 1.52 0.64 1 3.50 2.99

[0.82-2.80] [0.23-1.78] [1.04-11.74] [1.05-8.52]
+adj for infl 1 1.49 0.63 1 3.62 2.78
variable [0.81-2.77] [0.23-1.77] [1.05-12.4] [0.94-8.21]

Fibrinogen
n 1004 210 179 105 23 16
Events 75 25 17 23 5 7
Age adj HR 1 1.67 1.29 1 2.49 1.82

[1.06-2.63] [0.76-2.18] [0.71-8.77] [0.35-9.42]
+adj for infl 1 1.69 1.27 1 1.21 2.44
variable [1.07-2.66] [0.75-2.15] [0.45-3.23] [1.02-5.70]

HR = hazard ratio for CHD events, using never group as reference 
Marker of underlying CHD = Rose angina or ECG abnormality 
Infl = inflammatory variable
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Table V.5.5 Associations between psychological distress and future CHD events, stratified by markers of underlying CHD and

b. Phase 3 baseline
Psychological 
distress groups Never

NO MARKERS 
Persistent New Former Never

WITH MARKERS 
Persistent New Former

Fibrinogen

N 2558 617 301 1090 133 44 21 80
Events 92 33 16 45 12 4 5 13
Age adj HR 1 1.63 1.62 1.16 1 1.10 2.89 1.89

[1.09-2.43] [0.95-2.75] [0.81-1.65] [0.35-3.42] [0.99-8.39] [0.86-4.15]
+ adj for fibrinogen 1 1.63 1.61 1.14 1 1.09 2.91 E88

[1.09-2.43] [0.94-2.74] [0.80-1.64] [0.35-3.41] [1.00-8.51] [0.85-4.14]

Marker of underlying CHD = Rose angina or ECG abnormality 
HR = hazard ratio for CHD events, using never group as reference



V.6 The influence of severity of GHQ score and the contribution of 

different factors within the GHQ-30 to the risk of future CHD events

V.6.1 Research questions

This section deals with unresolved issues concerning the severity of symptoms and 

identifying components of risk. For both depressive symptom scales and other measures of 

distress, uncertainty remains as to whether the risk of CHD events is distributed across the 

whole range of scores or whether it is restricted to those scoring above a screening 

threshold. For other instruments, such as the General Well-being Schedule or the CES-D, 

specific questions have been identified where the risk seems to be concentrated^^’ Much 

less work dealing with the components of risk within the GHQ-30 has been published. 

Distinct factors are identifiable within the GHQ-30, and since it is a screening tool for non

specific minor psychiatric disorder, it is of interest to look at the relationship between these 

factors and CHD risk, with a view to separating the effects of anxiety and depression. 

Specific research questions are: -

1. Does the risk of CHD events increase as the GHQ score increases above the screening 

threshold?

2. Is there any evidence of increased risk for elevated GHQ scores below the screening 

threshold?

3. Which factors within the GHQ are associated with future CHD events?

4. Do these relationships differ in the various distress groups?

V.6.2 Results

V.6.2.1 Effect of severitv above the screening threshold on the risk of CHD events 

GHQ scores were divided at the 80̂ ,̂ 90̂  ̂and centiles. Gentiles were set within sexes 

across the whole population. These analyses were restricted to men included in the 

combined psychological distress groups, without CHD events at baseline, using GHQ 

scores from Phase 1 and Phase 3. At Phase 1, the GHQ screening threshold (4/5) fell on the 

75^ centile whereas at Phase 3, the screening threshold was approximately the 80̂ *̂  centile. 

The distribution of GHQ scores and centiles within Phlgp and Ph3gp were examined and
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the results are shown in Table V.6.1. It is clear that, at Phase 1, men in the recurrent 

distress group had higher GHQ scores than men in the early group, with more of the early 

distress group falling into the category between the threshold and the 80̂  ̂centile. At Phase 

3, men in the persistent group scored higher than those in the new, and men in the former 

higher than those in the never group.

The risk of CHD events by centile of GHQ score was examined across the whole group for 

both Phlgp and Ph3gp, and then within separate Phlgp and Ph3gp groups, using the never 

group as reference. For analyses from Phase 3, the former distress group was excluded. 

Table V.6.2 shows that, from the Phase 1 baseline, CHD risk was highest in the group 

scoring just above the threshold and then fell, to rise again in the group scoring above the 

95^ centile. This decline in risk after the threshold was particularly pronounced in men in 

the early distress group, and in this group the risk of CHD events did not increase again 

beyond the category just above the threshold. In fact, risk reduced progressively as GHQ 

scores rose. The interaction between recurrent/early distress and GHQ score above 

threshold was significant, p=0.02. From the Phase 3 baseline, this threshold group was not 

present and the highest risk was in the group between the 90̂  ̂ and 95̂  ̂ centiles. From 

Phase 3, there were no clear differences in the relationship between the risk of CHD events 

and increasing GHQ score between the new and persistent distress groups.

The baseline characteristics of the participants by GHQ centile above threshold were 

examined, both in the entire Phlgp group and then restricted to men with early distress. 

Table V.6.3 summarises the results in the whole group. For many risk factors, there was a 

significant trend for the more adverse risk factors to be more prevalent in groups with 

higher GHQ scores. Given the increased risk of CHD events in the group just above 

threshold, the characteristics of this group were of particular interest. The prevalence of 

markers of underlying CHD was slightly lower in this threshold group than in any other 

group, but the threshold group had a worse health behaviour profile, with lower exercise 

and higher alcohol consumption than those with higher GHQ scores, except the group 

above the 95‘*̂ centile. When analyses were restricted to men with early distress, compared 

to the never group, the lower prevalence of markers of underlying CHD was more 

pronounced, but the suggestion of adverse health behaviours was not present. Neither set 

o f analyses gave strong evidence of an adverse risk factor profile in the threshold group
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and accordingly adjustment for these risk factors did not reduce the hazard ratio for CHD 

events in the threshold group. For the whole group the change in the beta for the threshold 

group was for subclinical disease + 6.4%; smoking -1.3% ; vigorous exercise -1.1%  ; 

alcohol consumption -0.6%.

V.6.2.2 Effect of severitv across whole range of GHQ scores on the risk of CHD events 

The effect of increasing GHQ scores below the screening threshold on the risk of CHD 

events was examined by dividing the GHQ score into quartiles, within sexes, across the 

whole population. Analyses of CHD events were restricted to those included in the 

combined psychological distress groups (Table V.6.4). Due to the severe skewness of 

GHQ scores, equal quartiles were not possible, indeed at Phase 3 only 3 groups were 

created. At Phase 1, the top quartile was closely related to the screening threshold, 

whereas at Phase 3 the top quartile included participants below screening threshold. For 

CHD events from Phase 1, risk was concentrated in the top quartile. At Phase 3, there was 

some evidence of increased CHD risk for any score above 0.

V.6.2.3 Factor structure

Associations with baseline characteristics

Factor analysis, with a varimax rotation, was performed using Likert scores, as described 

in the Methods section IV.2, with a five factor solution imposed at both the Phase 1 and 

Phase 3 baselines. The factor structure was established across the whole population, but the 

factor structure was also examined in men and women separately and was found to be 

similar to that in the whole population. Table V.6.5 summarises the factor structure at 

Phases 1 and 3. Factor loadings and scree plots are included in Appendix III. Labels were 

given to summarise the content of each factor. For all factors, an increasing score 

represented increasing distress. Factor scores were normally distributed and were divided 

into quartiles within sexes (Appendix II). The factor structure was similar at Phase 1 and 3, 

with the major difference being that the sleep questions formed a distinct factor at Phase 1, 

but were incorporated into the first general factor at Phase 3. Questions relating to 

depression formed a distinct factor at both phases, as did questions relating to competence. 

Subsequent analyses were restricted to men with no CHD events at baseline, who were 

included in the Phlgp and Ph3gp groups.
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Figures V.6.1-V.6.5 show mean factor scores at Phase 1 in men across age, grade, 

psychological distress groups, and GHQ centiles above the threshold. Only the general 

factor showed a significant trend (of decreasing distress) with age. All the factors except 

sleep showed variation across grades. None showed a clear linear trend but, for the general 

and depression factors, there was more distress in men in the clerical grade. As expected, 

men in recurrent or early group had higher scores on all factors than men in the never 

group, although this did not reach significance for the sleep factor. Men in the recurrent 

distress group scored significantly higher than those in the early group on the competence, 

depression and sociability factors. All factors showed a significant increase with increasing 

GHQ centile above the screening threshold. Only the depression factor showed an 

anomalous fall in the group just above threshold. This was particularly pronounced in men 

with early distress (mean depression factor score in men in the never distressed group =

0.14 and in men with early distress in the threshold group = -0.36 p < 0.001. Figure 

V.6.5). The patterns at the Phase 3 baseline were generally similar (results not shown). The 

general, sociability and depression factors showed a pattern of less distress with increasing 

age, whereas the activity factor demonstrated increasing distress with age.

Association with future CHD events

Table V.6.6 shows the associations between factor quartiles and future CHD events from 

both the Phase 1 and Phase 3 baselines. From Phase 1, increasing distress in both the 

general factor and the sleep factor was associated with a higher risk of future CHD events. 

The sociability factor was less strongly associated with CHD risk. There was some 

evidence that men in the middle quartiles of the depression factor were at reduced risk of 

CHD events. From Phase 3, the general factor predicted CHD events, although the 

sociability factor did not. Again, there was evidence from Phase 3 that some elevation in 

depression factor was protective. Since the sleep factor was part of the general factor at 

Phase 3, these analyses were re-run with sleep questions removed. The new general factor 

still predicted CHD events from Phase 3 (hazard ratios for continuous variable 1.21 [1.07- 

1.37] and for top versus bottom quartile 1.64 [1.15-2.35]).

The effect of factor scores within the Phlgp groups is summarised in Table V.6.7. 

Continuous scores were used rather than quartiles to allow the best use of data within
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groups. For men with no distress, there was some evidence that the sleep factor predicted 

future CHD events but no other factor scores were predictive in this group. The effect of 

the general factor was restricted to the recurrent group, whereas there was weak evidence 

that an increasing general factor score was associated with a lower risk of CHD events in 

men in the early distress group.

A separate GHQ sleep scale was created using Likert scores from the two sleep questions 

from the GHQ-30, at Phase 1 and 3. These were divided into approximate quartiles based 

on distribution within sexes across the whole population. The effect of these, and other 

sleep questions at Phase 1 and 3 (included in Appendix AI.9), on the risk of future CHD 

events was examined, restricting analyses to men included in the psychological distress 

groups (Table V.6.8). Reported difficulty sleeping in the previous 14 days predicted future 

CHD events from both baselines, as did the GHQ sleep questions. Sleeping 5 hours a night 

or less was weakly associated with future CHD events from Phase 1 but not Phase 3. The 

effect of reported difficulty sleeping was adjusted for different groups of potential 

confounders (Table V.6.9). The confounders were as follows; socio-economic - 

employment grade and marital status; CHD risk factors - cholesterol, smoking and 

diastolic blood pressure; other illnesses - markers of underlying disease, diabetes and any 

report of longstanding illness; psychological - psychological distress group, hostility score 

and life events. Adjustment for socio-economic and CHD risk factors did not reduce the 

effect size of difficulty sleeping. The effect was reduced slightly by adjustment for other 

illnesses, largely due to the effect of longstanding illness. Adjustment for the psychological 

variables resulted in a marked reduction, which was due to both psychological distress and 

the hostility score. When the effect of adjusting for psychological distress alone was 

considered in a larger group (N=3707) the effect size of reported difficulty in sleeping 

reduced from 1.44 [1.08-1.93] to 1.22 [0.90-1.66]. When the general factor was used as the 

adjustment variable (to remove the effect of sleep questions), the effect size was reduced 

from 1.45 [1.08-1.95] to 1.35 [0.96-1.82].

V.6.3 Discussion

Analyses of the distribution of risk across the whole spectrum of the GHQ-30 score 

addresses the crucial issue of whether mild symptoms of distress, below that considered 

clinically relevant, are associated with an increased risk of CHD events. The design of the
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GHQ-30 focused on identifying cases that were at high enough risk of a clinical disorder to 

merit further investigation. Results across the whole range of GHQ scores from Phase 1 

strongly support the concept that the increased risk of CHD events is restricted to men with 

a distress disorder, rather than spread across whole spectrum. An increased risk is only 

seen in those who score above the screening threshold. Results from Phase 3 are less 

clear-cut, with some evidence of an elevated CHD risk with any score above zero. The 

results from the two phases are difficult to compare due to differences in the distribution of 

GHQ scores. At Phase 1, there was some evidence from the analyses using factor scores 

(Table V.6.5) that the sleep factor predicted across the whole range of GHQ scores, but no 

other factors predicted events within the never group. On balance, it appears that distress 

leads to an increased risk of CHD events only when it reaches a certain level, associated 

with clinically recognisable disorders.

An increase in score above the screening threshold can be interpreted as either increasing 

the probability of being a case or as an indicator of a more severe psychological 

disturbance. Table V.6.2 demonstrates that the risk of CHD events did not increase in a 

linear fashion with increasing GHQ score, and that there were important differences 

between the different distress groups. In men with early distress, an increasing score above 

threshold was associated with a reduced risk of CHD events. This pattern of decreasing 

risk in men with early distress is likely to be explained by the effect of the general factor in 

this group (Table V.6.5). In the recurrent group, there is more evidence that increasing 

scores on several factors (including general and sociability) led to an increased risk of 

CHD events. The reason for these differences between the two groups is unclear, but the 

finding reinforces the concept that GHQ caseness may be measuring different things in the 

two groups.

The increased risk observed in the group of men who score just above threshold is 

intriguing. It was particularly marked in those with early distress. A potential explanation 

is that these men are at higher risk of CHD because they are already unwell, and this ill- 

health is pushing their GHQ scores up sufficiently to cross threshold. However, findings 

with markers of underlying disease do not support this explanation. Indeed, the group just 

above threshold had a lower prevalence of markers of underlying disease. Equally, there 

was no evidence that this group were at an increased risk of CHD on the basis of risk
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factors. The factor scores shown in Figure V.6.5 could offer some insight. The mean 

factor scores suggest that depression scores were lower in threshold group compared to the 

never group, which given the (weak) protective effect seen with the depression factor is a 

potential explanation. However, adjusting for the depression factor made no difference to 

the hazard ratio in the threshold group (results not shown).

Goldberg in his original validation study noted that some participants considered to be 

mentally ill in the clinical interview did not score highly on the GHQ^. He concluded that 

the problem of what he termed defensiveness could not be addressed in the design of the 

questionnaire. The concept of defensiveness has been developed in the literature, 

particularly by Denollet who differentiates social inhibition (SI), the conscious inhibition 

of experienced emotion and hence a state of distress, from defensiveness which is the 

unconscious exclusion of emotion, and hence state of low distress^^^. He argues that SI 

plus distress, which is termed Type D personality, is a prognostic risk factor for CHD^^^. It 

is possible that men scoring just above the threshold are under-reporting on the GHQ. 

Their increased risk may be because their “true” GHQ score is higher or due to the process 

of concealment. Other authors have suggested that such defensiveness or denial is a major 

limiting factor in psychological research in CHD^^®. The data are not available to explore 

this further within Whitehall II. The health behaviour profile in this group offers some 

support to this concept, as there was some suggestion that this group had more adverse 

health behaviours, but the data are insufficient to move this beyond speculation.

The factor analysis of the GHQ-30 was largely consistent with other reports The 

depression factor was similar to that reported by other investigators and included the four 

items contained in the GHQ-30 from the seven-item depression scale of the GHQ-28 

(Table II. 1.2) The general factor is likely to be measuring anxiety, but may also include 

some of the affective symptoms of depression. A distinct sleep factor has been reported 

previously and it is possible that this factor is also measuring depression, by focusing on 

the biological symptoms.

The lack of an association between a high score on the depression factor and increased 

CHD risk is an unexpected finding and against what much of the literature would predict, 

including the literature on hopelessness^^’ One explanation could be that the depression
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factor is measuring only certain components of depression and that the affective and 

biological aspects are being picked up by the general and sleep factors, hence explaining 

their associations with increased CHD risk.

It is also unclear what the sleep factor is measuring. Analyses using the other sleep 

questions support the finding that the experience of insomnia is a risk factor for CHD. 

These symptoms could be a measure of distress, depression or of ill-health. Results from 

adjustment analyses do not support ill-health as an explanation, but strongly suggest that 

sleep is either confounded by psychological variables, or that both instruments are 

measuring the same construct. This is line with other investigators’ findings^*^’’ The 

sleep data available in Whitehall are sparse and focus on insomnia rather than tiredness. It 

was not possible to examine obstructive sleep apnoea as an alternative explanation, but any 

confounding is likely to be limited as tiredness rather than insomnia is the dominant 

feature in apnoea^^’.

V.6.4 Summary

There is evidence that the risk of CHD is confined to men scoring above a screening 

threshold and is not distributed across the whole spectrum. The relationship between 

increasing scores above the threshold differs according to the time-scale of the distress. In 

men with transient distress, risk is highest in those just above the threshold and risk falls as 

scores increase. The reasons for this are unclear but, together with previous findings, 

suggests that these groups are representing different elements o f psychological risk.

Within the GHQ-30, the depression factor was not associated with an increased risk of 

CHD events. The general and sleep factors accounted for the increased risk. This may 

reflect the way in which depression is detected by the GHQ-30, but also emphasises the 

fact that anxiety and other distress symptoms may account for the risk. The risk associated 

with sleep appears to reflect psychological distress rather than ill-health.
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Table V.6.1 Mean GHQ scores at baseline and distribution of scores above threshold 
within psychological distress groups, age adjusted means and percentages shown.

a. Phase 1 baseline
Psychological distress groups Never Recurrent Early
N 3401 898 633
Mean GHQ score 0.8 11.4 10.0

***
Gentiles above screening threshold

Range of score
Threshold-QSO n 5 to 6+ / 199 245
(%) (22%) (31%)
Q80-Q90 n 7 to 11 / 322 245
(%) (36%) (39%)
Q90-Q95 n 12 to 15+ / 186 102
(%) (21%) (16%)
Above Q95 n 16 to 30 / 191 88
(%) (21%) (14%)

***
*** p<0.001 for difference in centile distribution between recurrent and early

Table V.6.1. Mean GHQ scores at baseline and distribution of scores above threshold 
within psychological distress groups, age adjusted means and percentages shown.

b. Phase 3 baseline
Psychological distress groups Never Persistent New Former
N 3022 747 364 1316
Mean GHQ score 0.6 11.9 10.0 1.1

9|C ̂  S)C ***
Gentiles above screening threshold

Range of
score

Threshold- / / / /
Q80
Q80-Q90 n 5 to 9 / 341 219 /
(%) (46%) (60%)
Q90-Q95 n 10 to 14 / 191 89 /
(%) (26%) (25%)
Above Q95 n 15 to 30 / 215 56 /
(%) (29%) (15%)

###
*** p<0.001 for difference in mean GHQ score between never and persistent & former 
### p<0.001 for difference in centile distribution between persistent and new .
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Table V.6.2 associations between CHD events and severity of GHQ score above
threshold, by psychological distress groups

a. From Phase 1 baseline
Psychological Whole group Recurrent Early
distress group (4932) (898) (633)
Below threshold
N 3401
Events (%) 192 (5.7)
Age ad j HR 1
Threshold-Q80
N 397 199 198
Events (%) 41 (10.3) 18(9.1) 23(11.6)
Age adj HR 1.89 [1.35-2.65] 1.73 [1.06-2.80] 2.05 [1.33-1.63]
Q80-Q90
N 567 322 245
Events (%) 41 (7.2) 24 (7.5) 17(6.9)
Age adj HR 1.34 [0.96-1.88] 1.43 [0.93-2.18] 1.23 [0.75-2.01]
Q90-Q95
N 288 186 102
Events (%) 22 (7.6) 16(8.6) 6(5.9)
Age adj HR 1.43 [0.91-2.22] 1.68 [1.01-2.80] 1.01 [0.45-2.28]
Above Q95
N 279 191 88
Events (%) 25 (9.0) 21 (11.0) 4 (4.6)
Age adj HR 1.78 [1.17-2.70] 2.27 [1.45-3.56] 0.83 [0.31-2.23]
Log rank test for *** *** ***
differences in
survival

***p< 0.01
HR = hazard ratio using below threshold group as reference
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Table V.6.2 associations between CHD events and severity of GHQ score above
threshold, by psychological distress groups

b. From Phase 3 baseline
Psychological Whole group Persistent New
distress group (4133) (747) (364)
Below threshold
N 3022
Events (%) 119(3.9)
Age adj HR 1
Threshold-Q80
N / / /
Events (%)
Age adj HR
Q80-Q90
N 560 341 219
Events (%) 26 (4.6) 12 (3.5) 14 (6.4)
Age adj HR 1.28 [0.83-1.95] 0.79 (0.28-2.22) 1.80 [1.03-3.13]
Q90-Q95
N 280 191 89
Events (%) 23 (8.2) 17(8.9) 6(6.7)
Age adj HR 2.43 [1.55-3.82] 3.27 [1.57-6.78] 1.88 [0.83-4.29]
Above Q95
N 271 215 56
Events (%) 13 (4.8) 10(4.7) 3 (5.4)
Age adj HR 1.36 [0.77-2.42] 1.30 [0.46-3.63] 1.43 [0.45-4.47]
Log rank test for *** ***
differences in
survival

*** p< 0.01. NS = not significant
HR = hazard ratio using below threshold group as reference
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Table V.6.3 Age adjusted prevalence or means of selected CHD risk factors by centile 
of GHQ score above threshold, in men included in the Phase 1 psychological distress 
group.

Risk factors Below
threshold

Centile of GHQ score 
Threshold- Q80- 
Q80 Q90

Q90-
Q95

Above
Q95

Trend

N 3401 397 567 288 279
% clerical grade 8.9 6.7 7.2 5.8 6.8 NS
% div/widowed 4.4 6.5 6.0 7.7 13.4 ***
% 2+ life events 27.8 43.7 45.9 55.7 57.8 ***
% smoke 14.2 14.9 14.8 20.1 21.4 ***
% Rose angina 1.4 2.6 2.5 2.4 3.3 **
% ECG 
abnormality

6.1 4.1 4.7 4.7 5.9 NS

% combined 
marker

7.3 6.3 7.1 7.1 8.8 NS

% 2 hrs+ of vig 
exercise /week

28.1 24.2 26.9 26.3 18.3 ***

% 30 + units of 
alcohol /week

9.2 11.6 9.5 10.7 16.3 ***

Mean cholesterol 
(mmol/l)@

5.87 5.78 5.81 5.88 5.88 NS

Mean diastolic 
BP/mmHg

77.9 77.6 77.4 76.2 77.0 **

Mean Hostility 
score(0-38)

10.2 12.3 13.1 13.1 15.1 ***

*** p<0.01, ** 0.05>p>0.01; * 0.1>p>0.05. NS = not significant 
@ age adjusted geometric mean
Combined marker of underlying CHD = Rose angina or ECG abnormality 
Div/widowed = divorced/separated /widowed
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Table V.6.4 Associations between future CHD events and quartile of GHQ score

a. From Phase 1 baseline
GHQ score quartile 
GHQ score range

Bottom
0

2
1

3
1 to 4+

Top
5 to 30

N 1987 649 765 1531
% (40.3) (13.2) (15.5) (31.0)

Events (%) 114(5.7) 35 (5.4) 43 (5.6) 129 (8.4)

Age adjusted HR 1 0.98
[0.67-1.42]

1.03
[0.72-1.46]

1.58
[1.22-2.03]

b. From Phase 3 baseline
GHQ score quartile Bottom 2 3 Top
GHQ score range G / 1 to 3 3+ to 30

N 2641 1493 1315
% (48.5) (27.4) (24.1)

Events (%) 105 (4.0) 75 (5.0) 68 (5.2)

Age adjusted HR 1 1.31
[0.98-1.77]

1.46
[1.07-1.98]

HR = hazard ratio using bottom quartile as reference group
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Table V.6.5 Summary of factor structures in GHQ-30 at Phases 1 and 3, based on 
varimax rotation with a 5-factor solution imposed.

a. Phase 1: 55% of variance explained
Factor 1: Factor 2: Factor 3: Factor 4: Factor 5:
general competence depression social sleep

Variance
explained 18% 13% 12% 7% 5%
Question Felt under Doing things Life hopeless Spent time Lost sleep

strain well chatting over worry
Things getting Satisfied with Felt life not Feel warmth Restless
on top of you way done task worth living & affection nights
Finding life a Capable of Worthless Easy to get
struggle making

decisions
person along

Taking things Playing useful Nerves too Out of house
hard part bad
Feeling Keep busy &
nervous occupied
Overcome Managing as
difficulties well as others
Feeling
unhappy
Getting scared
or panicky
Losing
confidence

b. Phase 3: 56% of variance explained
Factor 1: Factor 2; Factor 3: Factor 4: Factor 5;
general depression competence social active

Variance
explained 19% 14% 12% 8% 4%
Question Lost sleep Life hopeless Doing things Spent time Keep busy &

over worry well chatting occupied
Felt Felt life not Satisfied with Easy to get Out of house
constantly worth living way done task along
under strain
Restless Worthless Capable of Feel warmth
nights person making

decisions
& affection

Things getting Nerves too Playing useful
on top of you bad part
Finding life a Losing
struggle confidence
Taking things
hard
Feeling
unhappy
Feeling
nervous
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Table V.6.6 Associations between future CHD events and GHQ-30 factor scores

a. From Phase 1 baseline
Factor General Competence Depression Sociability Sleep

By quartiles of factor score 
Bottom quartile
N 1237 1149 1235 1172 1217
Events (%) 63 (5.1) 81 (7.1) 90 (7.3) 74 (6.3) 57 (4.7)
Age adj HR 
2

1 1 1 1 1

N 1154 1148 1205 1145 1238
Events (%) 74 (6.4) 72 (6.3) 66 (5.5) 69 (6.0) 80 (6.5)
Age adj HR 1.27 0.84 0.71 0.94 1.35

3
[0.91-178] [0.61-1.16] [0.52-0.98] [0.68-1.30] [0.96-1.90]

N 1114 1207 1207 1218 1159
Events (%) 75 (6.7) 69 (5.7) 76 (6.3) 62 (5.1) 85 (7.3)
Age adj HR 1.36 0.77 0.85 0.79 1.54

[0.97-1.90] [0.56-1.06] [0.62-1.15] [0.57-1.11] [1.10-2.16]
Top quartile
N 1317 1318 1175 1287 1208
Events (%) 100 (7.6) 90 (6.8) 80 (6.8) 107 (8.3) 90 (7.5)
Age adj HR 1.57 0.93 0.94 1.36 1.60

[1.15-2.15] [0.69-1.26] [0.69-1.27] [1.01-1.83] [1.15-2.23]

Factor score as continuous variable (HR given for 1 unit increase)
Age adj HR 1.19 0.96 1.04 1.15 1.15

[1.07-1.31] [0.86-1.07] [0.93-1.16] [1.03-1.29] [1.03-1.28]

HR = hazard ratio
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Table V.6.6 Associations between future CHD events and GHQ-30 factor scores

b. From Phase 3 baseline
Factor General Competence Depression Sociability Activity

By quartiles of factor score 
Bottom quartile
N 1363 1348 1369 1357 1372
Events (%) 47 (3.5) 68 (5.0) 69 (5.0) 61 (4.5) 57 (4.2)
Age adj HR 
2

1 1 1 1 1

N 1360 1360 1362 1340 1367
Events (%) 59 (4.3) 67 (4.9) 62 (4.6) 64 0 53 (3.9)
Age adj HR 1.32 0.94 0.88 1.07 0.91

[0.90-1.93] [0.67-1.32] [0.62-1.24] [0.75-1.52] [0.62-1.32]
«3
N 1342 1367 1359 1371 1349
Events (%) 65 (4.8) 64 (4.7) 49 (3.6) 60 (4.4) 67 (5.0)
Age adj HR 1.49 0.91 0.70 0.99 1.15

[1.02-2.17] [0.65-1.28] [0.48-1.01] [0.69-1.41] [0.81-1.64]
Top quartile
N 1363 1353 1338 1360 1340
Events (%) 76 (5.6) 48 (3.6) 67 (5.0) 62 (4.6) 70 (5.2)
Age adj HR 1.82 0.70 1.03 1.08 1.21

[1.26-2.62] [0.48-1.01] [0.74-1.45] [0.76-1.54] [0.85-1.71]

Factor score as continuous variable (HR given for 1 unit increase)
Age adj HR 1.23 1.05 0.94 1.03 1.05

[1.09-1.38] [0.93-1.20] [0.82-1.07] [0.90-1.17] [0.92-1.20]
HR = hazard ratio

Table V.6.7 Associations between factor scores at Phase 1 and future CHD events, 
within different psychological distress groups. (Age adjusted hazard ratios for factors as 
continuous variables shown, given for 1 unit increase in score)

Psychological 
distress group

Whole group Never Recurrent Early

Factor
General 1.19 1.12 1.20 0.80

[1.07-1.31] [0.91-1.37] [0.95-1.51] [0.60-1.06]
Depression 1.04 1.04 1.03 0.91

[0.93-1.16] [0.85-1.27] [0.88-1.20] [0.72-1.15]
Sociability 1.15 0.89 1.22 1.16

[1.03-1.29] [0.75-1.07] [1.04-1.44] [0.94-1.43]
Sleep 1.15 1.16 1.00 1.10

[1.03-1.28] [0.97-1.38] [0.83-1.19] [0.86-1.40]
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Table V.6.8 Associations between sleep variables and future CHD events, from Phase
1 and Phase 3 baselines

From Phase 1 baseline From Phase 3 baseline

Sleep N Events Age adj HR N Events Age adj HR
variables (%) (%)
Hours of sleep /night
<=5 186 18(9.7) 1.49 [0.91-1.42] 197 9 (4.6) 1.05[0.53-2.07]
6 1368 94 (6.9) 1.10 [0.85-142] 1131 50 (4.4) 1.03 [0.74-1.4]
7 2570 155 (6.0) 1 2570 115(4.5) 1
8 7556 50 (6.6) 1.11 [0.81-1.52] 1380 70 (5.1) 1.12[0.83-1.51]
9+ 32 3 (9.4) 1.77 [0.57-5.50] 163 4(2.5) 0.50[0.18-1.35]

Difficulty slee )ing
No 2923 172 (5.9) 1 4083 173 (4.2) 1
Yes 783 63 (8.1) 1.44 [1.08-1.93] 1362 75 (5.5) 1.38[1.05-1.81]

GHQ sleep questions -  score divided into quartiles
Bottom 1424 72 (5.1) 1 1583 53 (3.4) 1
2 880 44 (5.0) 0.98 [0.67-1.42] 965 38 (3.9) 1.14[0.75-1.73]
3 1610 112(7.0) 1.35 [1.01-1.82] 2065 113(5.5) 1.64[1.18-2.28]
Top 1015 93 (9.2) 1.89 [1.39-2.57] 834 44 (5.3) 1.67[1.12-2.49]

Table V.6.9 Effect of difficulty sleeping on future CHD events, adjusted for different 
groups of potential confounders

Confounder group N HR 
Age adj only

HR
Fully adjusted

Socio-economic 3695 1.40 [1.05-1.88] 1.38 [1.03-1.85]

CHD risk factors 3678 1.46 [1.09-1.94] 1.51 [1.13-2.02]

Other illnesses 3665 1.45 [1.08-1.93] 1.39 [1.04-1.87]

Psychological 3045 1.37 [1.00-1.89] 1.13 [0.80-1.58]

HR = hazard ratio
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Figure V.6.1 Means scores of GHQ-30 factors (Phase 1) against age
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Figure V.6.2 Means scores of GHQ-30 factors ( Phase 1) against employment grade : age-adjusted
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Figure V.6.3 Mean scores of GHQ-30 factors ( Phase 1) against psychological distress groups : age-adjusted
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Figure V.6.4 Means scores of GHQ-30 factors (Phase 1) against overall GHQ score centile :age-ad justed
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Figure V.6.5 Means scores of GHQ-30 factors (Phase 1) against overall GHQ score centile, by persistence of 
distress : age-adjusted
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V.7 The impact of other psychosocial risk factors on the relationship

between psychological distress and future CHD events

V.7.1 Research questions

This section investigates issues described in the fourth conceptual model and seeks to 

differentiate it from the first model, by assessing whether distress and other psychosocial 

risk factors act independently in the pathogenesis of CHD. It addresses three specific 

questions: -

1. Is the association between psychological distress and future CHD events confounded 

by other psychosocial factors, either external stressors or personality variables?

2. Is there any evidence that psychological distress is on the causal pathway for these 

psychosocial factors i.e. do these only pose a risk for CHD events if  they lead to a distress 

disorder, or does psychological distress act as an effect-modifier strengthening the 

association?

3. Is there any evidence that these various components act directly on a single pathway? If 

this was the case, one might expect to see multiplicative effects, or alternatively a ceiling 

effect where one stressor fully activates the pathway, so that additional stressors have no 

extra effect.

The psychosocial factors selected for investigation were divided into external stressors 

(employment grade, marital status and life events) and personality variables (hostility, 

positive and negative affect (PA and NA) and religious attendance). Analyses followed the 

general pattern of previous sections, examining the association between these other 

psychosocial factors and distress; the association between psychosocial factors and future 

CHD events; and the effect of adjustment for and stratification by psychosocial factors on 

the distress: CHD association. Since it is of interest whether distress mediates the effect of 

the psychosocial factors, the effect of these factors was adjusted for and stratified by 

distress. These analyses are from Phase 1 only, since many of the measures were not 

included at Phase 3.
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V.7.2 Results

V.7.2.1 Associations between distress and psychosocial factors

Table V.7.1 summarises the associations between the other psychosocial factors and 

distress at Phase 1. As previously shown in section V. 1, there was a weak association with 

employment grade, with men with early distress less likely to be in the clerical grades. 

Men with early or recurrent distress were more likely to divorced or widowed, with the 

highest prevalence in the early distress group. Similarly, men with distress more likely to 

report two or more life events in the previous 12 months. Men whose distress at Phase 1 

was subsequently recurrent had the highest prevalence of recent life events, p<0.001 for 

the difference between the recurrent and early distress groups. Associations with 

personality variables were striking. Men with recurrent or early distress scored higher on 

hostility and negative affect and lower on positive affect than those who had never reported 

distress. There were significant differences between the recurrent and early groups for 

hostility and negative affect (p> 0.001), with the recurrent group scoring highest. 

Associations with religious attendance were weaker. Men with recurrent distress were less 

likely to attend services on a weekly basis.

V.7.2.2 Associations between psvchosocial factors and future CHD events are shown in 

Table V.7.2. Lower employment grade, being divorced, separated or widowed and 

reporting two or more recent life events were significantly associated with future CHD 

events, as were increasing hostility and negative affect. Positive affect and religious 

attendance were not found to be associated with CHD events and were not included in 

subsequent analyses.

V.7.2.3 Effect of adiustment for, and stratification bv, other psvchosocial factors 

The effect of adjustment for psychosocial factors, on the associations of both distress and 

the psychosocial factor with future CHD events is shown in Table V.7.3. As shown 

previously, adjusting for employment grade increased the effect of early distress. Adjusting 

for marital status and life events slightly reduced the effect of both early and recurrent 

distress, whereas adjusting for hostility and NA resulted in a more marked decrease in the 

distress effects. The effect of life events and marital status were reduced by adjusting for 

distress but remained significant, whereas that of negative affect was only borderline
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significant after adjustment. Hostility also remained a significant predictor after adjusting 

for distress.

In addition to adjustment, analyses were stratified by both distress and the psychosocial 

factors, and interactions tested. These results are presented graphically in Figures V.7.1 -  

V.7.6. The psychosocial factors were dichotomised and the graphs show age -adjusted 

hazard ratios compared to the reference group of no distress/low risk psychosocial factor. 

The psychosocial factors were dichotomised as follows: grade -  clerical compared to 

combined administrative and executive grades; marital status -  divorced/separated/ 

widowed compared to single and married combined; life events -  two or more events in 

past year compared to none and one combined; hostility and NA -  top tertile compared to 

bottom and mid combined. A composite score, combining grade, marital status, life events 

and hostility, was created and this was termed psychological vulnerability, with one point 

allotted for being in the high risk group for any one of these factors.

Considering the psychosocial factors individually (Figures V.7.1-V.7.5), there was a 

tendency for early distress to have less effect in men who were divorced/separated/ 

widowed or had experienced more recent life events, but strata were small and interaction 

tests were not significant. There was clear evidence that employment grade and life events 

predict future CHD events in men who had never reported distress. The risk associated 

with being divorced or widowed did not reach significance in this group, but was raised. A 

strong interaction was found for hostility and early distress, with each variable only 

predicting events in the absence of the other. The age adjusted hazard ratio for early 

distress was 3.53 [1.83-6.83] for men in the bottom tertile of hostility and 0.61 [0.27-1.36] 

in men in the top tertile, p=0.01 for interaction. By contrast, both high negative affect and 

recurrent distress were required for the risk of CHD events to increase significantly. Thus, 

negative affect did not appear to predict events in men with no distress.

Examining results with the combined psychological vulnerability score (Figure V.7.6), 

early distress appeared to have a weaker effect in the presence of other factors, although 

this may reflect a lack of power. The diagram illustrates that for recurrent distress, the 

effect was largely independent of other psychosocial factors.
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Final models were constructed adjusting for grade, life events, marital status, hostility and 

negative affect (model 1) or just the external stressors (model 2) (Table V.7.4). It is 

apparent that in the subgroup with all the psychosocial data, the effect of early distress was 

reduced and hence adjusted results are difficult to interpret. Imputed models indicated that 

the effect of both recurrent and early distress were reduced considerably by adjusting for 

both external and personality variables (model 1). Recurrent distress remained significant 

but early distress became non-significant, despite the stronger associations between 

recurrent distress and these personality measures. Adjusting for external variables alone 

(model 2) reduced the effects less, with both early and recurrent distress retaining 

significance.

V.7.3 Discussion

A major current debate in the literature centres on the extent to which the findings with 

depressive/distress measures are confounded by underlying personality traits. Denollet has 

argued for the effect of Type D personality but few studies have addressed this specifically 

by controlling for personality variable (measures of trait) in the association between 

measures of state and subsequent CHD. A recent paper by Haines found that the 

depression component of the CCEI was not a significant predictor of CHD when other 

personality variables were included^^. The issue becomes complex due to collinearity of 

measures, so that an observed reduction of effect may be due to the fact that the two 

instruments are measuring the same underlying construct. Ketterer memorably described 

this as the “big mush”^̂ .̂

Data available in Whitehall II do not represent a comprehensive personality profile. The 

Affect Balance Scale was devised by Bradbum as a single scale to give an indication of 

happiness or general psychological well-being. The two subscales have been increasingly 

used separately, with NA shown to be correlated with neuroticism and PA with 

extraversion. There is some debate as to how stable these measures are over time with 

some authors arguing that they behave more like psychological states than traits in terms of 

stability of individual differences over time^^^. Other investigators have shown PA to be 

stable over time, particularly in younger age groups^^^. It is likely that NA is measuring 

much of the same emotional distress as the GHQ, although it focuses only on affect 

whereas the GHQ also includes cognitions. Hostility is generally considered to be a stable
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personality trait^^ .̂ The strong associations found between psychological distress and these 

personality variables are not unexpected as hostility and distress are both related to 

neuroticism or negative affectivity^^. Felsten has reported correlations between hostility 

and depression^^^. Men with recurrent distress had a more adverse profile on all these 

measures than men with early distress.

The effect of both early and recurrent distress were reduced considerably by adjusting for 

NA, and NA did not predict future CHD events in the never distress group. Recurrent 

distress was still significant after adjustment, whereas early distress was not, indicating 

perhaps that recurrent distress may be measuring a different aspect of personality or 

distress that adds to the risk profile. These results, and the interaction found, suggest that 

NA requires the presence of distress to increase the risk of CHD. These results are difficult 

to interpret due to the suggestion that NA is assessing the same emotional state as the 

GHQ. for GHQ score in a regression with NA score in men was 0.34, which gives a 

variance inflation factor (inverse of 1-r^) of 1.52, which is considerably lower than the 

suggested level of 10, considered high enough to cause concem^®*, but issues of 

collinearity do remain a concern in further interpretation.

Hostility was shown to be a strong predictor of CHD events, in the absence of any distress, 

despite recent reviews indicating it is a weaker risk factor for CHD than depression^^’ 

The effect of recurrent distress appears to be independent from that of hostility, with the 

risks multiplying if both factors are present. The effect of early distress is hard to assess in 

this subgroup, but the interaction found between hostility and early distress was strong. 

Repeating the analyses using the Phase 1 hostility score (since hostility is stable trait) and 

Phase 3 psychological distress group, revealed similar strong interactions between hostility 

and both new and former distress, with distress having the greatest effect in the bottom 

hostility tertile. The age adjusted hazard ratio for new distress was 5.39[2.24-12.98] in men 

in the bottom hostility tertile and 1.21 [0.46-3.18] in men in the top tertile, p =0.03 for 

interaction. These findings raise interesting questions, since the co-existence of distress 

and hostility seems to reduce the effect of both.

Other investigators have considered the combined effect of hostility and distress. Mendes, 

studying prognosis after angioplasty, found that vital exhaustion and hostility were
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independent risk factors^® .̂ By contrast, Rajava found that low hostility together with a 

high depressive tendency was associated with an adverse CHD risk factor profile, whereas 

in those with a low depressive tendency, high hostility was associated with an adverse 

p ro f i l e ^ T h i s  paper suggests that in subjects with high depression scores, high hostility 

represents a benign sign, indicating they still have the psychological capacity to respond to 

challenges, whereas high depression and low hostility indicates a state of exhaustion and 

discouragement. The results for early distress are consistent with this model, since the risk 

of CHD events was lower in those with distress and high hostility. Although the same 

pattern was not seen for recurrent distress, these results require further investigation, 

including exploring the biological pathways involved. There is no evidence that distress is 

mediating the effect of hostility, or that the effect of distress is confounded by hostility. 

Indeed, the results are not consistent with the two risk factors acting on the same pathway. 

If the same pathway was involved one might expect independent effects or perhaps a 

ceiling effect, where no further increase in risk would be expected if the pathway was 

being fully activated. Rather, the observed reduction in risk when both are present suggests 

antagonistic pathways.

Men with distress were more likely to report adverse external circumstances, but not to be 

in the lower social classes. The effect of material deprivation has not been fully evaluated 

in these analyses and this has been shown to predict psychological distress within social 

classes^Extremes  of deprivation are unlikely in this study population and the pattern of 

distress with employment grade is not consistent with such deprivation accounting for 

much of the observed association between distress and future CHD. The direction of 

causality is difficult to ascertain, but the finding of the highest frequency of life events in 

those who went on to have recurrent distress is intriguing. It may simply reflect that 

distress arising in response to multiple life events is more persistent. However, given that 

men with recurrent distress had a more marked personality profile, it is also consistent with 

the findings from van Os et al*̂  that personality variables can influence the occurrence of 

life events. This emphasises the complex nature of the relationships addressed in the fourth 

model. When external events were adjusted for (model 2 table V.7.4), early distress 

became only of borderline significance, indicating that some of the effect of transient 

distress was due to the association with adverse external circumstances, thus answering 

part of the first research question. These results are not consistent with the model that the
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effect of external circumstances on CHD events is being mediated by distress. Life events 

and employment grade predicted subsequent events in the never group, clearly 

demonstrated in Figure V.7.1 and V.7.3. The reduction in the effect size of early distress is 

entirely consistent with distress arising in response to external circumstances, but the fact 

that an effect of distress is still observed suggests that developing distress adds to the risk 

associated with these events. Recurrent distress seems to act more independently of 

external circumstances.

V.7.4 Summary

For the external stressors studied, there was no evidence that the observed increase in CHD 

risk was mediated by the development of distress. Overall, the fourth model of 

confounding by other psychosocial factors was not supported. Although some of the effect 

of early distress was accounted for by external events, it is clear that developing distress in 

the presence of such stressors adds to the risk of future CHD. It is difficult to separate the 

effects of NA and distress, but hostility was shown to be a strong predictor of CHD events 

in the absence of distress. Recurrent distress appears to act independently of hostility, but 

there were interesting interactions with early distress, suggestive of antagonistic pathways.
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Table V.7.1 Associations between psychosocial factors and psychological distress at
Phase 1 baseline (age adjusted percentages shown)

a. External stressors
Psychological distress Never Recurrent Early
group
N 3401 898 633
Employment grade
N 3401 898 633
Administrative n (%) 1321 (39) 339 (39) 260 (41)
Executive n (%) 1777 (52) 492 (53) 336 (53)
Clerical n(%) 303 (9) 67 (8) 37 (6)***

Marital status
N 3395 894 632
Marr/cohab n (% ) 2809 (83) 699 (79)** 489(77)***
Single n (%) 436 (13) 133(14) 86 (14)
Div/widowed n (%) 150(4) 62 (7)*** 57 (9)***

Life events in past 12 months
N 3343 883 618
0 n(% ) 1220 (36) 163 (18)*** 142 (23)***
1 n(% ) 1190 (36) 254 (29) *** 203 (32)
2+ n (%) 933 (28) 466 (53) *** 273 (44) ***

*** p<0.01, ** 0.05>p>0.01; * 0,l>p>0.05 compared to never group
Marr/cohab = married or cohabiting, Div/widowed = divorced, separated or widowed
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Table V.7.1. Associations between psychosocial factors and psychological distress at
Phase 1 baseline (age adjusted percentages shown)

b. Personality variables
Psychological Never Recurrent Early
distress group
N 3401 898 633
Hostility score (0-38)
N 2169 552 382
Mean 9.7 14.0 *** 11.9 ***
% top tertile 23 53 *** 3g ***

Positive affect (0-15)
N 2567 656 445
Mean 6.7 5.1 *** 5.4***
% top tertile 39 19 *** 22 ***

Negative affect (0-15)
N 2567 652 447
Mean 1.9 4.8 *** 3 9 ***
% top tertile 17 67 *** 31 ***

Attendance at religious service
N 3394 897 632
Never n (%) 2202 (65) 625 (70) ** 421(66)
Monthly n (%) 555 (16) 135(15) 102(16)
Weekly n(% ) 637 (19) 137(15)** 109(17)

p<0.01, ** 0.05>p>0.01; * 0.1>p>0.05 compared to never group
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Table V.7.2 Associations between psychosocial factors and future CHD events, from
the Phase 1 baseline

N Events Age adjusted 95% Cl
hazard ratio

Employment grade
Administrative 1920 117 1
Executive 2605 167 1.24 [0.98-1.58]
Clerical 407 37 1.74 [1.20-2.53]

Marital status
Married /cohab 3997 258 1
Single 655 34 0.99 [0.69-1.41]
Divorced/widowed 269 27 1.62 [1.09-2.40]

Life events
0 1525 81 1
1 1647 103 1.16 [0.87-1.55]
2+ 1672 131 1.47 [1.11-1.94]

Hostility
Bottom tertile 1051 55 1
Mid 1120 68 1.20 [0.84-170]
Top tertile 932 76 1.71 [1.21-2.40]
Continuous 2.56 [1.14.4.34]

Positive affect
Bottom tertile 1038 64 1
Mid 1410 100 1.20 [0.87-1.64]
Top tertile 1206 67 0.92 [0.65-1.30]
Continuous 0.96 [0.85-1.10]

Negative affect
Bottom tertile 1375 82 1
Mid 1182 63 0.95 [0.68-1.32]
Top tertile 1109 85 1.43 [1.05-1.94]
Continuous 1.22 [1.08-1.37]

Religious attendance
Never 3248 202 1
Monthly 792 57 1.14 [0.85-1.53]
Weekly 883 62 1.09 [0.82-1.45]

HR for continuous variables is given for 1 SD increase
Marr/cohab = married or cohabiting. Div/widowed = divorced, separated or widowed
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Table V.7.3 Associations between distress and selected psychosocial factors and 
future CHD events from the Phase 1 baseline, age adjusted and adjusted for each 
other

a. External stressors
HR Age adjusted only Adjusted for each other
Employment grade
Distress Never 1 1

Recurrent 1.72 [1.32-2.24] 1.73 [1.33-2.25]
Early 1.40 [1.02-1.91] 1.44 [1.05-1.96]

Grade Admin 1 1
Exec 1.24 [0.98-1.58] 1.25 [0.98-1.59]
Clerical 1.74 [1.20-2.53] 1.79 [1.24-2.60]

Marital status
Distress Never 1 1

Recurrent 1.68 [1.29-2.19] 1.66 [1.27-2.17]
Early 1.40 [1.02-1.90] 1.36 [1.00-1.86]

Status Married 1
Single 0.99 [0.69-1.41] 0.98 [0.68-1.41]
W/d 1.62 [1.09-2.40] 1.54 [1.03-2.29]

Life events
Distress Never 1 1

Recurrent 1.71 [1.32-2.23] 1.61 [1.22-2.11]
Early 1.33 [0.97-1.83] 1.28 [0.93-1.76]

LE 0 1 1
1 1.16 [0.87-1.55] 1.12 [0.83-1.49]
2+ 1.47 [1.11-1.94] 1.32 [1.00-1.76]

HR = hazard ratio. [ ] 95% Cl 
Admin = administrative. Exec= executive.
Married = married or cohabiting. W/d = divorced, separated or widowed. LE = life events.
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Table V.7.3 Associations between distress and selected psychosocial factors and
future CHD events, age adjusted and adjusted for each other

b. Personality variables
HR Age adjusted only Adjusted for each other
Hostility
Distress Never 1 1

Recurrent 1.83 [1.32-2.52] 1.56 [1.11-2.28]
Early 1.13 [0.73-1.76] 1.04 [0.67-1.62]'

Hostility Bottom 1 1
Mid 1.20 [0.84-170] 1.15 [0.80-1.64]
Top 1.71 [1.21-2.40] 1.50 [1.04-2.16]
Continuous 2.56 [1.14-4.34] 1.14 [1.08-1.41]

Negative affect
Distress Never 1 1

Recurrent 1.81 [1.33-2.46] 1.58 [1.11-2.24]^
Early 1.19 [0.79-1.77] 1.08 [0.71-1.64]

NA Bottom 1 1
Mid 0.95 [0.68-1.32] 0.87 [0.63-1.23]
Top 1.43 [1.05-1.94] 1.15 [0.81-1.63]
Continuous 1.22 [1.08-1.37] 1.12 [0.98-1.29]

HR = hazard ratio. [ ] 95% Cl
HR for continuous variables is given for 1 SD increase. Distress effects adjusted for 
hostility and NA as continuous variables
' “ significant interaction - early distress less effect as hostility increases p=0.001 
 ̂-  significant interaction -  recurrent distress more effect as negative affect increases p=

0.06
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Table V.7.4 Final models of association between distress and future CHD events,
from the Phase 1 baseline, adjusted for other psychosocial factors

Psychological 
distress group

Never Recurrent Early

Whole group
N 3401 898 633
Events 192 79 50
Age adj HR 1 1.72 [1.32-2.24] 1.40 [1.02-1.91]

Final model -1
N 2109 533 370
Events 120 50 22
Age adj HR 1 1.76 [1.26-2.45] 1.06 [0.67-1.66]
Fully adjusted 1 1.45 [0.97-2.17] 0.96 [0.60-1.55]

Imputed model ® 1 1.51 [1.13-2.04] 1.30 [0.94-1.80]

Final model - 2
N 3337 879 617
Events 190 76 47
Age adj HR 1 1.67 [1.28-2.18] 1.33 [0.97-1.83]
Fully adjusted 1 1.58 [1.20-2.08] 1.29 [0.94-1.79]

Imputed model ® 1 1.63 [1.25-2.14] 1.37 [1.00-1.87]

Model 1 - adjusted for grade, marital status, life events , hostility and NA 
Model 2 -  adjusted for grade, marital status, life events 
® - model using multiple imputation methods to estimate missing data 
HR = hazard ratio [ ] 95 % Cl
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Figure V.7.1 Age-adjusted hazard ratios for CHD events from Phase I in men : by grade and psychological distress
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*** p<0.01, ** 0.05>p>0.01, * 0.1>p>0.05 Reference group;
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Figure V.7.2 Age-adjusted hazard ratios for CHD events from Phase 1 in men ; by marital status and psychological distress
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Figure V.7.3 Age-adjusted hazard ratios for CHD events from Phase 1: by life events and psychological distress
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Figure V.7.4 Age-adjusted hazard ratios for CHD events from Phase 1 : by hostility tertile and psychological distress
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Figure V.7.5 Age-adjusted hazard ratios for CHD events from Phase 1 : by negative affect tertile and psychological
distress
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*** p<0.01, ** 0.05>p>0.01, * 0.1>p>0.05 Reference group: 

HR = hazard ratio. NA = negative affect

a - significant interaction- recurrent distress more effect as negative affect increases p= 0.06



Figure V.7.6 Age-adjusted hazard ratios for CHD events from Phase 1 in men ; by summary psychological vulnerability 
score and psychological distress

HR 1.5

never early never recurrent

Psychological distress
N/Events 353/34 118/11 353/34 236/28

1111/70 252/12 1111/70 370/31

1908/87 257/255 1908/87 285/19

Summary 
score

*** p<0.01, ** 0.05>p>0.01, * 0.1>p>0.05 Reference group;

HR = hazard ratio



Chapter VI 

General discussion and conclusions 

VI. 1 Summary of findings
This thesis provides good evidence that psychological distress in men increases the risk of 

future coronary heart disease events by 70-80%. This increased risk was found to be 

independent of conventional CHD risk factors, including health behaviours and 

components of the metabolic syndrome, and was sustained over 15 years of follow-up. The 

effect of distress was greater on angina than on CHD death or MI, but was this was not due 

to events reported by participants rather than diagnosed by a doctor. The elevated risk was 

not related to depressive features, as assessed by the depression factor on the GHQ-30, but 

was associated with the first general factor, which includes many anxiety items, and with 

the sleep questions. Risk was not distributed across the whole range of GHQ scores, but 

was restricted to those scoring above the screening threshold.

There was little support for the third conceptual model, which suggests that the observed 

association is due to confounding by underlying CHD. Distress was only weakly 

associated with markers of underlying CHD and controlling for these markers did not 

reduce the effect of distress on the risk of future CHD. Similarly, the findings were not 

consistent with the fourth model of confounding by other psychosocial risk factors. In 

general, the effect of distress was independent of that of both personality and external 

stressor variables. The data did, however, offer support for both the first atherogenic, and 

the second acceleration, models, with potentially important differences between transient 

and more chronic distress emerging.

Distress that was recurrent after Phase 1, or had been persistent by Phase 3, predicted 

future events in those with no indication of underlying disease and the effect was long

term, consistent with the atherogenic model. No evidence was found to support mediation 

by health behaviours, conventional CHD risk factors, metabolic syndrome variables or 

inflammatory variables, so that the pathogenetic pathway remains unclear. Few statistical 

interactions were found with these covariates, so there were few indications that the effect 

of chronic distress might vary in different groups. In the chronic distress groups, increasing
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severity of GHQ score, above the threshold for definition of distress, was associated with 

an increasing risk of CHD events.

Early distress at Phase 1 predicted future events more strongly in men with a marker of 

underlying CHD, and a similar pattern was seen at Phase 3 for new distress. This, 

supported by stronger effects of distress in men with higher left ventricular mass, suggests 

that at least part of the action of distress is by accelerating the progression of underlying 

CHD (second model), and this was found more consistently for more transient distress. 

Other important differences between transient and chronic distress include that increasing 

GHQ score above the threshold reduced the risk of CHD events in men with early distress 

at Phase 1. Although no mediating pathway was identified for either early or new distress, 

there were indications that association with inflammatory variables were stronger in these 

groups than in the persistent or recurrent distress. Furthermore, the presence of hostility at 

Phase 1 reduced the effect of both early distress at Phase 1 and new distress at Phase 3 but 

not more chronic distress, despite larger numbers in the chronic distress groups. Several 

statistical interactions were found between the early distress group and covariates. Some of 

these were difficult to reconcile, such as the weaker effect of early distress in men with a 

good CHD risk profile but a stronger effect in men with markers of underlying CHD.

Transient and more chronic distress seem to be measuring different facets of psychosocial 

risk, with the action of transient distress more dependent on the presence or absence of 

markers of underlying CHD, CHD risk factors or psychosocial risk factors. The action of 

chronic distress seems more robust and independent of covariate status.

VI.2 Limitations of the data
The Whitehall II cohort is a healthy, non-industrial, employment-based, predominantly 

white population, which does not include the extremes of social deprivation. This 

relatively selected sample may explain the weak observed associations between social 

class, as measured by employment grade, and psychological distress (Table V.1.2), with 

distress slightly more prevalent in the higher grades. It could be argued that that this limits 

the generalisabaility of the findings as, for example, distress in a high grade civil servant 

could be seen as quite different to that experienced by an unemployed man living in
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socially deprived area. There are two main counter arguments to this criticism. The first 

relates to the validity of the questionnaire. Extensive validation work suggests that GHQ- 

30 works well across cultures and social classes and, despite widely differing external 

environments and influences on distress, it is tapping the same emotional distress 

symptoms in all subjects. Secondly, this restricted sample could actually be an advantage 

in the study of psychosocial influences on health. By keeping the external environmental 

influences relatively homogenous, the effect of psychosocial factors, such as distress, are 

assessed in what had been described as “pure culture”. Potential confounding by external 

stressors, as in the fourth conceptual model, is reduced.

The original participation in the Whitehall II study (estimated to be of the order of 77%) is 

lower than is ideal but is comparable to, or higher than that of, many major longitudinal 

studies e.g. Nurse’s health study (71%) and Framingham Heart study (69%)^ '̂ .̂ Non

participation was higher in clerical grades so that it can be assumed that the CHD event 

rate was higher in non-participants. For selection bias at the recruitment stage to account 

for the observed associations, with more CHD events in men with distress, one would have 

to suggest that non-participants were less likely to have distress. It is not possible to 

evaluate this directly but it would appear unlikely since continued participation was 

unrelated to distress (Section V.2).

The exclusion of women from analyses was regrettable, since there are many unresolved 

issues regarding the association between distress/depression and CHD in women. The 

exclusion was unavoidable due to small numbers of events, reversal of effect and 

uncertainty about the role of detection bias in the associations. Although some aetiological 

studies have shown similar elevated risks in men and women^^’ others have shown 

weaker effects in women^\ There are, at present, insufficient data to conclude whether or 

not relative risks are equivalent in men and women. The apparent paradox, that distress and 

depression are more prevalent in women than men but CHD is less common, remains 

unexplained. Potential explanations include that reported distress means something 

different in men and women; that it acts on the pathogenesis of CHD in a different way; or 

women’s lower CHD risk precludes observation of an effect.
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Exposure data. A recurrent theme from the literature review was the need to try and 

separate the effects of anxiety and depression on CHD risk. The GHQ-30 has considerable 

limitations as a measurement instrument for this purpose. Although the factor structure is 

well-researched and reasonably consistent, there are concerns about its stability in 

different populations and in the same population over time^^^. Furthermore, the factors 

have not been validated as measures of individual psychiatric conditions, such as anxiety 

disorders or depressive illness. The general factor, although it contains many items 

concerning anxiety, may in fact be measuring depressive illness, as may the sleep factor, 

and this could account for the increased risk associated with these factors. This argument 

can, however, be used in reverse to question the findings of many of the published reports 

linking depression to CHD. The instruments used, even if validated against depressive 

illness, could actually be detecting anxiety, which represents the risk for CHD. The 

findings in this thesis are important in drawing attention to the potential for overlap in 

symptomatology and questioning the current focus on depressive features. Although the 

GHQ-30 depression factor may not be a valid measure of depressive symptomatology, the 

finding that the depression factor of the GHQ-30 was not related to CHD risk, indeed that a 

higher score may be protective, is still unexpected. The content of the factor is similar to 

measures of hopelessness, which have been shown to predict future CHD^^’

Analyses from the Phase 1 baseline were not of a conventional cohort design, with 

exposure measures continuing after the beginning of follow-up. This raises the possibility 

of reverse causality, particularly with the recurrent distress group and could account for the 

differences seen between the early and recurrent distress groups. However the effect of 

recurrent distress persisted beyond the period of exposure data collection and similar 

patterns were seen from the Phase 3 baseline.

CHD events. External validation of CHD events in the Whitehall II study was sought 

wherever possible, but a small number of events were included based on self-report only. 

This obviously gives the potential for detection bias, but the results have shown that these 

self-reported events did not account for the association between distress and future CHD 

(Table V.1.6), or for the apparent increased effect of transient distress in men with markers 

of underlying disease (Table V.4.8). The finding that men who did not attend later phases
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of screening may have incomplete CHD events data is regrettable, but does not appear to 

have biased estimates.

The importance of dividing CHD events into different types wherever possible is 

emphasised by the finding that distress had a stronger effect on angina than CHD death/MI 

from the Phase 1 baseline. Four other studies have compared the effect of depression on 

angina with its effect on other CHD outcomes. Two found stronger associations for 

angina^^’ and two found no associations^’’ A stronger effect of distress on angina may 

indicate that distress acts in the pathogenesis of CHD in a way that increases the risk of 

angina more than MI. This concept is supported by the finding that, despite some evidence 

of associations with distress at the baseline, inflammatory markers did not mediate in the 

distress: CHD association, as they were predictive of future CHD death/MI whereas 

distress was more strongly predictive of angina. However it is important to emphasise that 

there is strong evidence in the literature that distress/depression increases the risk of CHD 

death/MI, and in this thesis the effect of distress was not entirely restricted to angina.

Markers of underlying CHD

The purpose of creating a marker of underlying disease was to identify a group of men 

with underlying atherosclerosis who have not yet developed clinically recognisable CHD. 

An ideal measure to use for this purpose would be an angiographic record of the degree of 

stenosis in the coronary arteries, but this is obviously not a feasible investigation in a large 

occupational-based cohort study. The markers used. Rose angina and ECG abnormality, 

are relatively crude measures and the group of men identified will range from those with 

minimal changes to those with clinically apparent CHD, who have not yet received a 

diagnosis. As a group, they were clearly at increased risk of future CHD events (Table 

V.4.2) and they were likely to be more advanced down the pathogenetic pathway than the 

comparison group without markers. The finding that transient distress has a greater effect 

in this group can only be indicative, but highlights the need for more investigation of the 

role of underlying disease.

Statistical power and interpretation of interactions

The size of the psychological distress groups was adequate to detect effect size of 1.5 to 2 

(Table IV.4.5) but when these groups are subdivided, for example, by markers of
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underlying CHD, the subgroups became small e.g. 40 men with early distress and markers. 

This became even more apparent when the subgroup was restricted further, to those with 

inflammatory variable data. The fact that effect sizes persist in these groups is in some 

ways fortuitous, but negative findings need to be interpreted in light of this reduced power.

Potential effect-modification by covariates has been assessed by including interaction 

terms in a Cox model. This tests a multiplicative model, in which risks multiply together, 

and finds statistical interactions when the data do not fit this model. The relationship 

between such statistical interactions and the biological effect-modifications they are taken 

to indicate is a matter of debate. Greenland and Rothman argue that independence of 

effects is a statistical null hypothesis, and even when there is no evidence to refute it, in 

practice complete independence of effects is rare^’ .̂ It is important that there are clear prior 

hypotheses about the effect-modification that is being investigated, as in the interaction 

found between underlying disease and distress. Interaction tests using the underlying 

disease marker were outside the conventional 5% significance level for this and this 

increases the possibility that these findings occurred by chance (Type 1 error). However 

corroborative evidence using different variables, such as left ventricular mass, and the 

significant interaction between former distress at Phase 3 and underlying disease 

markers at Phase 1 strengthen the argument.

A number of statistical interactions were found with early distress, which are difficult to 

interpret and although they need to be noted, must be interpreted with caution. It is 

possible that small numbers of events within strata have produced unstable estimates of 

effect, which do not fit a multiplicative model. Of the interactions found with early 

distress, the interaction with hostility was robust and a consistent interaction with new 

distress at Phase 3 was found. The literature contains similar findings and this merits 

further study.

VI.3 Alternative explanations of findings
Both detection bias, relating to increased ascertainment of CHD events in men with 

distress, and selection bias, assessing the effect of exclusions from analyses, have been 

evaluated as potential explanations of the observed associations. There is little evidence to
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suggest a role for selection bias, but the contribution of detection bias is harder to discount. 

Although self-reported events are not involved in the associations, it is feasible that 

increased recognition, by clinicians, of angina in men with distress contributes to both the 

overall effect of distress on CHD events and to the apparent increase in effect of distress in 

men with markers of underlying disease. However the positive associations between 

distress and CHD death/MI and new ECG abnormality argue for a true aetiological role for 

distress. Similarly, the fact that the effect size of distress remains greater in the strata of 

men with underlying CHD when these strata are defined by ECG abnormality or higher 

LVM rather than Rose angina, suggests that the observed increase in effect is not due to 

increased recognition of existing symptoms in men with distress.

The impact of medial care and compliance with treatment are important potential 

explanations of the adverse prognosis associated with distress/depression after CHD 

events. The impact of medical treatment is less of an issue in aetiological studies, 

especially in healthy occupational populations such as the Whitehall II cohort. It might be 

postulated that preventive strategies, such as intervention to improve health behaviours, 

might be less effective in those with psychological distress. If this were an explanation of 

the observed associations, one would expect to see a reduction in the effect of distress after 

controlling for such health behaviours. This was not seen, either in these results or in the 

literature.

Confounding bv existing risk factors is another classic alternative explanation, which is not 

supported by the data. Imprecision in the measurement of confounders and the associated 

issue of residual confounding remain as unknowns, but in these data it is difficult to 

envisage this accounting for all the effects. Health behaviours are plausible confounders, 

but adjustment resulted in minimal reduction in the effect of distress and inclusion of tim e- 

dependent covariates added no further reduction.

The possibility remains that the distress: CHD association is confounded by a variable that 

has not been considered in these analyses, but is related to both distress and CHD. A recent 

paper by Thompson et al demonstrated an association between birth weight and depressive 

illness and suggests that this could account for the association between depression and 

future CHD^’"̂. This is an interesting concept, implying a common vulnerability factor that
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leads to both to the increased risk of CHD and to depressive illness. Hormonal 

programming of the HPA axis in underweight babies is suggested as the common 

mechanism. Although this has not been addressed directly in these data, the results do not 

support a role for the metabolic syndrome in the association between distress and CHD.

VI.4 Implications of findings and directions for future research
Despite the caveats and provisos of the preceding section, this thesis has produced some 

important novel findings that have implications for both for future research directions and 

current policy initiatives.

Anxietv or depression?

The finding that the increase in CHD risk was associated with the general and sleep 

factors, but not the depression factor, of the GHQ-30 has highlighted the need for a more 

rigorous approach to investigate the precise components of risk within the psychological 

distress construct. These results are consistent with an important role for anxiety and few 

other studies have tried to separate the effects of anxiety and depression. Despite the 

current paradigm of the primacy of depression, there is a need to re-evaluate the existing 

data and for new studies before intervention studies move too far ahead of the data. 

Differentiation of the effects of depression and anxiety using questionnaire checklists is 

problematic, given the overlap in symptoms and psychiatric diagnoses would be 

preferable. However, interviews would be impracticable in the large, community-based 

epidemiological study that would be necessary. Computer-based psychiatric interview, 

such as the CIDI, may be a viable alternative.

Atherogenic or acceleration model

There is good evidence in this thesis that part of the observed effect of the distress 

predicting future CHD events in a healthy population is due to distress accelerating disease 

progression in hearts that are already compromised. The situation is complex as there is 

also evidence that distress acts, in individuals with no markers of underlying disease, in a 

manner consistent with an atherogenic model. There are indications that the chronicity of 

distress may influence the mode of action. These are novel findings and there is a need for
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more studies to compare the effect of distress or depression in individuals, in the same 

study population, with and without markers of underlying CHD.

Different exposures detected by the same instrument

In addition to role of underlying disease, important differences have emerged in the nature 

of the CHD risk associated with transient and more chronic distress. These include the 

effect of increasing severity of score above threshold, which increased risk in recurrent 

distress and reduced it in early distress. More associations were found between 

inflammatory variables and early distress than with recurrent distress, but the psychosocial 

profile of men with recurrent distress was significantly worse than that of men with early 

distress. Together these findings indicate that the GHQ is detecting different facets of risk 

in the two groups and that transient and chronic distress are operating down different 

pathogenetic pathways. It might be postulated that more transient distress is more closely 

related to physical health. Previous work on the persistence of depression has not moved 

beyond describing CHD risk in the two groups and further work is needed to confirm these 

findings.

The realisation that a single measurement instrument may be tapping various different 

dimension of risk, which act in different ways to promote CHD pathogenesis, has profound 

implications for intervention studies. A single intervention is unlikely to be effective for all 

subjects with a raised score on the instrument. Similar issues were raised in the recent 

paper by Frasure-Smith which described that a single intervention had differing 

consequences depending on the personality of the subjects'

Role of personality

The role of personality has not been adequately assessed in this thesis, and the question of 

how much of the apparent effect of emotional state is due to the effect of underlying 

personality traits remains unanswered. Studies that include measures of neuroticism/ 

negative affectivity in addition to measures of distress/depression are required. 

Longitudinal assessment of exposure may enable collinearity of the scores to be overcome. 

The finding in this thesis of an interaction between hostility and early distress is intriguing, 

and these analyses need to be repeated in other datasets, first to confirm these apparently 

antagonistic effects and then to investigate the pathways involved.
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Lack of a pathway

Further interpretation of many of these findings will require the identification of the 

mechanism or pathway involved. This thesis has not identified any such pathway, but has 

made an important contribution in its negative findings, particularly relating to the 

metabolic syndrome. The associations between these variables and distress/depression and 

their relation to CHD risk have not previously been investigated in such a large study. The 

findings of small laboratory-based studies, using psychiatric patients, have not been 

confirmed in this healthy, occupation-based population, examining a different range of 

symptomatology. No evidence was found to support a mediating role for health behaviours 

or conventional CHD risk factors, confirming existing reports.

This leaves the question of exactly how does distress lead to CHD unanswered. The lack 

of a biological pathway could be used to argue in favour of detection bias as an explanation 

of the findings but it is possible, indeed probable, that a biological mechanism is involved 

The inflammatory pathway has not been properly investigated in this work due to the small 

sample available, and the fact that no dynamic measures were included

The contention that different aspects of risk are being included in one measure, and that 

these aspects of risk may act on CHD pathogenesis in different ways, has implications for 

the investigation of pathways. If differing exposures, with differing pathways, are being 

grouped together, then the effects may well not be detected in the whole group. Future 

work needs to build on the work in this thesis and consider the definition of exposure 

groups carefully. The identification of relevant subgroups may be a critical step in a 

successful investigation.

VI.5 Summary

Overall, the findings of this thesis do not simplify the issue of distress and future CHD 

events, but rather emphasise the complex nature of the relationships involved and the 

potential pitfalls of seeking a “one size fits all“ explanation of the effects. Further 

understanding of the nature of the association, and its mechanisms, are a prerequisite for a 

successful targeted intervention. The quest for such an intervention, in response to the plea
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from cardiologists to “tell us what to do with our depressed/distressed patients", seems to 

have some distance to run.
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Appendix I. Questionnaire
Al l  General Health Questionnaire-30. Phase 1, 2 and 3 questionnaires

GENERAL HEALTH QUESTIONS

Please read this carefully:
We should like to know If you have had any medical complaints, and how your health has been in general, over the 

past few weeks. Please answer ALL the questions on the following pages simply by circling the answer which you 
think most nearly applies to you. Remember that we want to know about present and recent complaints, not those that 
you had in the past.

It is important that you try to answer ALL the questions.

HAVE YOU RECENTLY:—

80. — been able to concentrate
on whatever you’re doing?

Better 
than usual 

1

Same 
as usual 

2

Less 
than usual 

3

Much less 
than usual 

4

81. — lost much sleep over worry? Not at all No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

82. — been having restless, 
disturbed nights?

Not 
at all 

1

No more 
than usual 

2

Rather more 
than usual 

3

Much more 
than usual 

4

83. — been managing to keep your
self busy and occupied?

More so 
than usual 

1

Same 
as usual 

2

Rather less 
than usual 

3

Much less 
than usual 

4

84. — been getting out of the
house as much as usual?

More so 
than usual 

1

Same 
as usual 

2

Less 
than usual 

3

Much less 
than usual 

4

85. — been managing as well as
most people would in your shoes?

Better 
than most 

1

About 
the same 

2

Rather less 
well 

3

Much less 
well 

4

86. — felt on the whole you were doing
things well?

Better 
than usual 

1

About 
the same 

2

Less well 
than usual 

3

Much 
less well 

4

87. — been satisfied with the way you’ve
carried out your task?

More About same Less satisfied Much 
satisfied as usual than usual less satisfied 

1 2  3 4

88. — been able to feel warmth and affection
for those near to you?

Better 
than usual 

1

About same 
as usual 

2

Less well 
than usual 

3

Much 
less well 

4

89. — been finding it easy to get on
with other people?

Better 
than usual 

1

244

About same 
as usual 

2

Less well 
than usual 

3

Much 
less well 

4



A l l  General Health Questionnaire-30. Phase 1, 2 and 3 questionnaires (continued)

-  — -------- ---------  - - -  -  ■ . . .

90. — spent much time chatting 
with people

More time 
than usual

About same 
as usual

Less time 
than usual

Much less 
than usual

1 2 3 4

91. — felt that you are playing 
a useful part in things?

More so 
than usual 

1

Same 
as usual 

2

Less useful 
than usual 

3

Much less 
useful 

4

92. — felt capable of making decisions More so Same Less so Much less
about things? than usual as usual than usual capable

1 2 3 4

93. — felt constantly under Not No more Rather more Much more
strain? at all than usual than usual than usual

1 2 3 4

94. — felt you couldn’t overcome Not No more Rather more Much more
your difficulties? at all than usual than usual than usual

1 2 3 4

95. — been finding life a struggle Not No more Rather more Much more
all the time? at all than usual than usual thpn usual

1 2 3 4

96. — been able to enjoy your normal More so Same Less so Much less
day-to-day activities? than usual as usual than usual than usual

1 2 3 4

97. — been laKing things hard? Not No more Rather more Much more
at all than usual than usual than usual

1 2 3 4

i  9 8 . — been getting scared or panicky Not No more Rather more Much more
! for no good reason at all than usual than usual than usual

1 2 3 4

i  99. — been able to face up to More so Same Less able Much less
your problems? than usual as usual than usual able

1 2 3 4

i  100. — found everything getting on Not No more Rather more Much more
top of you? at all than usual than usual than usual

1

1 2 3 4

101. — been feeling unhappy and Not No more Rather more Much more
depressed at all than usual than usual than usual

' ■ - - - - - - - - - - - - - - - ------ . . . 1 2 3 , _______ 4 ;



A l l General Health Questionnaire-30. Phase 1, 2 and 3 questionnaires (continued)

102. — been losing confidence in Not No more Rather more Much more

yourself? at all than usual than usual than usual
1 2 3 4

103. — been thinking of yourself Not No more Rather more Much more

as a worthless person? at all than usual tiran usyĵ l than usual

i 1 2 3 4

' 104. — felt that life is entirely Not No more Rather more Much more

1 hopeless? at all than usual than usual than usual I

' 1 2 3 !
105. — been feeling hopeful about More so About same Less so Much less ;

your own future? than usual as usual than usual hopeful
1 2 3 4

!

106. — been feeling reasonably happy, More so About same Less so Much less
; all things considered? than usual as usual than usual than usual
1 1 2 3 4

; 107. — tjeen feeling nervous and Not No more Rather more Much more
i strung-up all the time? at all than usual than usual than usual

1 2 3  ̂4

108. — felt that life isn’t worth living? Not No more Rather more Much more
at all than usual than usual than usual

1 2 3 4

109. — found at times you couldn’t do Not No more Rather more Much more 1
anything because your nerves at all than usual than usual than usual i
were too bad?

1 2 3 4

2-4-6



AI.2 Questions to ascertain CHD events, a. Phase 1, 2 and 3 questionnaires (blood 
pressure questions not included at Phase 3)

2 2 . a) Have you ever had heart trouble suspected 
or confirmed?

23.

If No, go to Question 23

If Yes,
b) When was the first 

time? [give year]

Yes

No

19

c) What was the diagnosis? 

Heart attack 

Heart strain 

High blood pressure 

Valve disease 

Hole in the heart 

Other (please specify)

Has your blood pressure ever been 
checked?

Yes

No

If No go to Question 26

24. If Yes, who has it been checked by? 
(circle all tiiat apply)

year

1

2

3

4

s i
. 6 I

Yes No

a) General 
Practitioner
(or practice nurse)

b) Hospital doctor 
(or nurse)

c) At work

d) Insurance exam

e) Others

d) Did you attend a hospital?

Yes 1

No 2

e) Are you still attending a doctor 
for heart trouble?

Yes 1

No 2

25. a) Has a doctor ever told you that your 
blood pressure was above normal?

Yes

No

If No, go to Question 26

If Yes
b) when was the first 

time?
year

c) Have you ever had treatment for 
high blood pressure?

Yes

No

d) Are you taking drug treatment for 
high blood pressure now?

Yes

No



AI.2 Questions to ascertain CHD events, a. Phase 1 to 5 questionnaire

1 7. a) Do you have any longstanding illness, 
disability or infirmity?

(longstanding means anything that 
has troubled you over a period of 
time or that is likely to affect 
you over a period of time)

Yes 1

No
If Yes

b) What is the matter with you?



AI.2 Questions to ascertain CHD events, b. Phase 4 and 5 questionnaires

31. These questions concern any HEART PROBLEMS you may have had. (Please answer yes or no to each question)

A. Has a doctor ever told you that you have had ANGINA? 

I f  yes: When was the first time? 19.........

Are you still suffering from angina?

When w as the last time you had angina? 19........

B. Has a doctor ever told you that you have had a HEART ATTACK 
(MYOCARDIAL INFARCT/CORONARY THROMBOSIS)?

I f  yes: How many heart attacks have you had? 1 1 = 3

When were these attacks? 1st

19.

2nd

19.

C. Has a doctor ever told you that you have HIGH BLOOD 
PRESSURE (HYPERTENSION)?

Yes No

Yes No

Yes No

3 +

3rd

19.

Yes No

► I f  no, go to part B.

 ̂ I f  no, go to part C.

► I f  no, go to part D.

I f  yes: When w as the first time? 19.

Have you ever had drug treatment for high blood pressure? Yes No

Are you still receiving drug treatment now? Yes No

D. Has a doctor ever told you that you have had a STROKE? Yes No  ̂ I f  no, go to part E.

E. Have you ever had any OTHER HEART TROUBLE suspected or confirmed? Yes No

I f  yes: P lease specify (eg . heart failure, Irregular heart beat)



AI.2 Questions to ascertain CHD events, b. Phase 4 and 5 questionnaires (continued)

32. These questions concern any TESTS or TREATMENT you may have had for CHEST PAIN or HEART DISEASE.

Have you ever had any of the following? (Please answer yes or no to each question)

I f  yes: P lease give year, hospital, town and the name of the consultant for each occasion.
If you need more space please u se the back page.

A. An exercise EGG 
(treadmill) test

Yes

No
YEAR HOSPITAL NAME/TOWN

CONSULTANT

B. Angiogram or X-ray 
of your coronary 
arteries (a dye test 
of the arteries)

Yes

No
YEAR HOSPITAL NAME/TOWN

CONSULTANT

C. Angioplasty of 
coronary arteries 
(balloon treatment 
for angina)

Yes

No
 ̂ YEAR HOSPITAL NAME/TOWN

CONSULTANT

D. Coronary artery 
bypass graft 
(CABO) operation

Yes

No
► YEAR HOSPITAL NAME/TOWN

CONSULTANT

E. An admission to 
hospital with chest 
pain, angina or 
heart attack

Yes

No
> YEAR HOSPITAL NAME/TOWN

CONSULTANT

F. An admission to 
hospital with other 
heart trouble

I f yes, please specify

Yes

No
> YEAR HOSPITAL NAME/TOWN

CONSULTANT

G. Other heart tests or 
operations

Yes

No
► YEAR HOSPITAL NAME/TOWN

CONSULTANT



AI.2 Questions to ascertain CHD events, b. Phase 4 and 5 questionnaires (continued)

37. In c a se s  of serious illness which have involved attendance at hospital, we would like permission to 
obtain details from the hospital records. (Please note this is different from the consent requested on 
the first page). This information will be treated with the strictest confidence.

CONSENT GIVEN Yes No (please mark one )

If yes, please sign your name here

SIGNATURE GPs NAME (unless given on the first page)

G P s ADDRESS (in full)

DATE



A1.3 Rose questionnaire. Phase 1, 2 and 3 questionnaires

2 0 . a) Have you ever had any pain or 
discomfort in your chest?

Yes

No

If No go to Question 21

If Yes
b) do you get this pain or 

discomfort when you walk 
uphill or hurry?

c) do you get it when you 
walk at an ordinary pace 
on the level?

d) When you get any pain or 
discomfort in your chest, 
what do you do?

Stop

Slow down

Continue at the 
same pace

e) does it go away when 
you stand still?

f) how soon?

In 10 min. or less 

More than 10 min.

g) Where do you get this pain or 
discomfort?

(mark the place(s) with a X on 
the diagram)

Yes

No

Yes

No

Yes

No

RIGHT LEFT

21 a) Have you ever had a severe pain across 
the front of your chest lasting for half 
an hour or more?

Yes

No

If No go to Question 22

If Yes
b) did you talk to a 

doctor about it? Yes

No

If No, go to Question 22

If Yes,
c) What did he say it was?

d) How many of these 
attacks have you had?

number

i S t



AI.4 Smoking and alcohol consumption, a. Phase 1 and 2 questionnaires.

SMOKING HABITS

3 9 . a) Do you smoke cigarettes now? 
(i.e. not cigars/pipe)

Yes

No

If No, go to Question 40

If Yes,
b) What kind of cigarettes do you 

smoke?

Manufactured with filters 

Manufactured without filters 

Hand rolled

c) How many manufactured 
cigarettes do you smoke 
per day?

and/or

d) About how many ounces 
of tobacco do you use 
per week for handrolled 
cigarettes?

GO TO QUESTION 41

circle all 
that apply

1

2

3

cigarettes

ounces

4 0 . a) If not a present cigarette smoker did you
smoke in the past?

Yes

No

If No, go to Question 42

If Yes,
b) How many manufactured 

cigarettes did you smoke 
per day?

and/or
c) How many ounces of 

tobacco did you use per 
week for handrolled 
cigarettes?

d) How old were you when 
you stopped smoking?

cigarettes

ounces

age

4 1 .  How old were you when you 
started smoking?

age

4 2 .  a) Do you smoke cigars?

Yes

No

If No, go to Question 42c

If Yes,
b) How many cigars per week?

cigars

c) Do you smoke a pipe?

If Yes,
d) How many ounces of 

tobacco do you smoke 
per week?

Yes

No

ounces

DRINKING HABITS

4 3 . a) In the past 12 months have 
you taken an alcoholic drink;

circle one 
only

Twice a day or more 1

Almost daily 2

Once or twice a week 3

Once or twice a month 4

Special occasions only 5

No 6

b) In the lastS-yearsiiave you 
changed your drinking habits?

Yes 1

No 2

If No, go to Question 44

If Yes,
c) Compared with your current 

habits did you drink?

A lot more 1

A bit more 2

A bit less 3

A lot less 4



AI.4 Smoking and alcohol consumption, a. Phase 1 and 2 questionnaires (continued)

Continued

d) If you have given up or reduced 
drinking, what was the main reason?

Illness/doctor’s orders 

Health precautions 

Finance

Other (please specify)

circle one only 
1

2

3

4

IF YOU ARE A NON DRINKER PLEASE 
GO TO QUESTION 46

4 4 , a) Have you had an alcoholic drink in 
the last seven days?

I  Yes

No

If No, go to Question 45

If Yes,

In the last seven days how many 
drinks nave you hao of each 
of the following?
[please remember that a 
drink poured at home could 
be equivalent to 2 or 3 
pub measures]

[If none write 0]
b) Spirit (whisky, gin, rum, 

brandy, vodka etc) or 
liqueurs.

c) Wine (including sherry, 
port, vermouth)

d) Beer (including lager 
or cider)

measures

glasses

pints

45. a) When you drink spirits or wine
how many drinks do you usually have 
during one occasion?
[If you have both wine and spirits, add 
them together — e.g. 1 measure of whisky 
and 2 glasses of wine = 3]

1 -  2 

3 - 4  

5 or more

I don’t drink spirits 
or wine

b) When you drink beer how 
many pints do you usually 
have during one occasion?

1 - 2

3 - 4

5 or more

I don’t drink beer

c) What is the maximum quantity 
or wine/spirits you would drink 
at one sitting?
[If none write 0]

wine/spirits

d) What is the maximum quantity 
of beer you would drink 
during one occasion?
[If none write 0]

beer

No. of 
drinks

pints

e) In what circumstances are you 
most likely to drink the maximum 
you might drink?

Yes No 

2 

2 

2 

2 

2

Social occasions

When bored

When under pressure

When upset about something

Other (please specify)



AI.4 Smoking and alcohol consumption, b. Phase 3 questionnaire

30. a) Do you smoke cigarettes now? 
(i.e, not dgars/pipe) Yes

I f  No, go to Question 31
b) How many manufactured 

cigarettes do you 
smoke per day?

and/or
c) About how many ounces of tobacco 

do you use per week for hand-rolled 
cigarettes?

NUMBER

31. a) Do you smoke cigars? Yes 

IfYes,
b) How many cigars per week?

No

OUNCES

No

NUMBER

c) Do you smoke a pipe? Yes 

IfYes,
d) How many ounces of tobacco 

do you smoke per week?

No

OUNCES

32. a) If currently a non-smoker, to what cactent are 
you exposed to cigarette smoke at work?

Not at all 

Quite a lot

A little 

Very much

b) If currently a non-smoker, to what eactent arc 
you exposed to cigarette smoke at home?

Not at all 

Quite a lot

A little 

Very much



AI.4 Smoking and alcohol consumption, b. Phase 3 questionnaire (continued)

33. a) In the past 12 months have you taken an 
alcoholic drink?
Indicate one only

Twice a day or more = :

Daily or almost daily < = 1

Once or twice a week c a

Once or twice a month *=>

Special occasions only =

No =

b) If No, have you always been a non-drinker?
Yes a  No C3

I f  always a non-drinker go to Question 3 6
c) Compared with 5 years ago do you now drink:

A lot more = »  A bit more i=> The same «=3 

A bit less <=> A lot less =»

d) If: you have given up or reduced drinking, 
what was the main reason?
Indicate one only

illness/doctors orders 

Finance

Health precautions 

Cmer Piease specify

OTHER

^4. a) Have you had an alcoholic drink in the last 
seven days?

Yes No

If No, go to Question 35

IfYes,
In the last seven days, how many drinks have you 
had of each of the following?
Please tetnember that a drink poured at home could be 
equivalent to 2 or 3 pub measures.
If none, indicate 0.

b) Spirits (Whisky, gin, rum, brandy, vodka etc.) or 
liqueurs

MEASURES

c) Wine (including sherry, port, vermouth)

GLASSES

d) Beer (including lager and dder)

HNT3

35. a) Have you ever felt that you 
ought to cut down on your 
drinking?

b) Have people annoyed 
you by criticising your 
drinking?

c) Have you ever felt bad 
or guilty about your 
drinking?

d) Have you ever had a 
drink first thing in the 
hioming to steady your 
nerves or get rid of a 
hangover?

Yes

Yes

No

No

No

Yes No

2^4



AI.5 Physical activity. Phase 1, 2 and 3 questionnaires.

PHYSICAL ACTIVITY

4 8 . How often do you take part in sports or activities that are;

a) Mildly energetic
(e.g. walking, woodwork, 
weeding, hoeing, bicycle 
repair, playing darts, 
general housework)

b) Moderately energetic
(e.g. scrubbing, polishing 
car, chopping, dancing, 
golf, cycling, decorating, 
lawn mowing, leisurely 
swimming).

c) Vigorous
(e.g. running, hard 
swimming, tennis, squash, 
digging, cycle racing)

Please give the average number of 
hours per week you spend in such 
sports or activities.

d) Mildly energetic

e) Moderately 
energetic

3 times a week once or twice about once Never/
or more a week to three times Hardly ever

a month

Please give details of 
these activities:

hours

hours

f) Vigorous hours



AI.6 Prescribed médication, a. Phase 1 questionnaire

32 . In the last 14 days have you taken any of these medicines 
prescribed by a doctor?

Yes No

a) Pain killers 1 2

b) Medicines for indigestion 1 2

c) Tranquillisers 1 2

d) Sleeping pills 1 2

e) Antidepressants 1 2

f) Laxatives (bowel opening medicine) 1 2

g) Other medicines prescribed by a 
doctor (Please specify)

1 2

h) In the last 2 weeks have you taken 
other medicines not prescribed by a 
(e.g. tonics or cough syrup)

doctor

1 2

If Yes, please specify:



AI.6 Prescribed medication, b. Phase 2 and 3 questionnaire

33. A. This question concerns any medicines that you may have taken during the last fourteen 
days. Have you been taking any medicines, tablets, tonics or pills PRESCRIBED BY A 
DOCTOR (excluding contraceptive pills) within the last fourteen days?

If yes:

B. Please list any m edicines below.

(i)

(ii)

(iii)

Yes No ^ I f  no, please go to question 34.

And the reasons for taking

(iv)

l£ \



AI.7 External stressors

AI.7.1 Employment grade a. Phase 1 questionnaire

i) What is your civil service grade? 
(e.g. HEO or SEO)

) What was your first civil service grade?

b. Phase 3 questionnaire

1. a) Please give your present or most recent 
grade title - IN FULL

G R A D E TITLE

b) Is your grade title on the following list? 
If it is please indicate ONE.

NAM E O F  G RA D E TITLE

'=• Senior Executive Officer 
f=> Higher Executive Officer 

Executive Officer

Followed by list of grade titles

lMc>



AI.7.2 Marita] status
a. Phase 1 questionnaire

6 .  What is your marital status

Married

If Yes, go to Question 7a

Cohabiting

If Yes, go to Question 7c

Single (never married) 

Divorced or separated 

Widowed

Circle one 
only

1

If Not now married or cohabiting, go to Question 8

b. Phase 3 questionnaire

3 , a) Are you married/cohabiting?
Yes c=3 No «=»

If No, go to part ( c)
IfYes,
b) Is this your first marriage/cohabitation?

Yes «=* No 1==»

Now go to Question 4
c) If n o t now married/cohabiting, which are you?

Single Widowed Divorced or separated

Zév



AI.7.3 Life events. Phase 1 questionnaire

75-78. The following is a list of things that can happen to people. Try to think back over the past 12 months and 
remember If any of these things happened to you and, if so, how much you were upset or disturbed by it?

Very Moderately Not too Not at
much much all

a) Personal serious illness, 
injury or operation 

Yes 1
No 2

IfYes,
How much did it upset you? 1 2  3 4

b) Death of a close relative 
or friend

Yes 1 
No 2

IfYes,
How much did it upset you? 1 2 3 4

c) Serious illness, injury or 
operation of a close relative 
or friend

Yes 1 
No 2

IfYes,
How much did it upset you? 1 2 3 4

d) Major financial difficulty 
Yes 1 
No 2

IfYes,
How much did it upset you? 1 2 3 4

e) Divorce, separation or break up 
of personal intimate relationship 

Yes 1 
No 2

IfYes,
How much did it upset you? 1 2 3 4

f) Other marital or family 
problem

Yes 1 
No 2

IfYes,
How much did it upset you? 1 2 3 4

g) Any mugging, robbery, accident 
or similar event

Yes 1 
No 2

If Yes,
How much did it upset you? 1 2 3 4

h) Change of job or residence 
Yes 1 
No 2

IfYes,
-------------------------i_i------------..-L. u:.j ----------------------------o A



AI.8 Personality variables

AI.8.1 Attendance at religious services. Phase 1 questionnaire.

0 4 . How often do you attend religious
services?  ̂  ̂ , 
(apart from weddings and funerals)

Almost daily 1

About once/week 2

About once/month 3

Once every few 4
months

Never/almost never 5

AJ.8.2 Affect Balance Scale. Phase 1 questionnaire.
NA = questions contributes to negative affect score PA = question contributes to positive 
affect score

7 4 . This Section Is about the way you are feeling these days. Please answer each question by circling the \ 
number which most nearly applies to you. I

During the past few weeks did you feel: i
Not at A Quite A great

all little a lot deal

a) Particularly excited or
Interested In something 1 2 3 4

b) So restless you could not
sit long In a chair 1 2 , 3 4

c) Proud because someone complimented 
you on something you had done 1 2 3 4

d) Very lonely or remote
from other people 1 2 3 4

e) Pleased about having
accomplished something 1 2 3 4

f) Bored 1 2 3 4

n g) On top of the world 1 2 3 4

W ft h) Depressed or very unhappy. 1 2 3 4

?(\ I) That things were going your way 1 2 3 4

N f t j) Upset because someone criticised you 1 2 3 4



AI.8.3 Cook-Medley Hostility scale. Phase 1 questionnaire

:---------------------------- :---------- I

1 1 1 0 .  Below are some of the statements which describe people’s beliefs and attitudes and the way they might react 
1 to some situations. If the statement applies to you or describes you in general, circle “1" for True. If the
! statement does not describe you circle “2” for False.

TRUE

1 ) When someone does me a wrong I feel I should pay him back if I can. just for the 
principle of the thing.

2) I prefer to pass by school friends, or people I know but have not seen for a long time, 
unless they speak to me first.

3) I have often had to take orders from someone who did not know as much as I did.

4) I think a great many people exaggerate their misfortunes in order to gain the sympathy 
and help of others.

5) It takes a lot of argument to convince most people of the truth.

6) I think most people would lie to get ahead.

7) Someone has it in for me.

8) Most people are honest chiefly through fear of being caught.

9) Most people will use somewhat unfair means to gain profit or an advantage rather 
than to lose it.

10) I commonly wonder what hidden reason another person may have for doing 
something nice for me.

11) It makes me impatient to have people ask my advice or otherwise interrupt me 
when I am working on something important.

12) I feel that I have often been punished without cause.

13) Some of my family have habits that bother and annoy me very much.

14) My way of doing things is apt to be misunderstood by others.

15) I don’t blame anyone for trying to grab everything he can get in this world.

16) No one cares much what happens to you.

17) It is safer to trust nobody.

18) I do not blame a person for taking advantage of someone who lays himself open to it.

FALSE

2 ^ 4



AI.8.3 Cook-Medley Hostility scale. Phase 1 and 3 questionnaires (continued)

TRUE FALSE

19) I have often felt that strangers were looking at me critically.

20) Most people make friends because friends are likely to be useful to them.

21) I am sure I am being talked about.

22) I am likely not to speak to people until they speak to me.

23) Most people inwardly dislike putting themselves out to helo other people.

24) I tend to be on my guard with people who are somewhat more friendly than 
I had expected.

! 25) I have sometimes stayed away from another person because I feared doing or saying 
something that I might regret afterwards.

26) People often disappoint me.

I 27) It makes me feel like a failure when I hear of the success of someone I know well.

28) I have at times had to be rough with people who were rude or annoying.

29) People generally demand more respect for their own rights than they are willing 
to allow for others.

30) There are certain people whom I dislike so much that I am inwardly pleased when 
they are catching it for something they have done.

31) I am not easily angered.

32) I have often met people who were supposed to be experts who were no better than I.

33) I am often inclined to go out of my way to win a point with someone who has 
opposed me.

34) I have often found people jealous of my good ideas, just because they had not 
though of them first.

35) I have frequently worked under people who seem to have things arranged so that 
they get credit for good work but are able to pass off mistakes on to those under them.

36) I strongly defend my own opinions as a rule.

37) People can pretty easily change me even though I thought that my mind was 
already made up on a subject.

38) Sometimes I am sure that other people can tell what I am thinking.



AI.9 Sleep questions, a. Phase 1 questionnaire

19 Have you had any of the following symptoms in the last 
fourteen days?
(Please answer all questions)

Yes No

a) A cough, catarrh or phlegm 1 2

b) Diarrhoea 1 2

c) Heartburn, wind or indigestion 1 2

d) Shortness of. breath 1 2

e) Dizziness or giddiness 1 2

f) Earache or discomfort in the ears 1 2

g) Swollen ankles 1 2

h) Nervy, tense or depressed 1 2

i) A cold or ’flu 1 2

j) A sore throat 1 2

- > k) Difficulty in sleeping 1 2

1) Pains in the chest 1 2

m) A backache or pains in the back 1 2

n) Nausea or vomiting 1 2

o) Feeling tired for no apparent reason 1 2

p) Rashes, itches or other skin trouble 1 2

q) Toothache or trouble with the gums 1 2

r) Any other complaint(s) in the last 
14 days (Please specify) 1 2



AI.9 Sleep questions
a. Phase 1 questionnaire (continued)

3 1 .  How many hours of sleep do you have on 
an average week night?

5 hours or less 1

6 hours 2

7 hours 3

8 hours 4

9 hours or more 5

b. Phase 3 questionnaire

;73. On an average weekday, approximately how many hours do you spend on the following activities; if applicable
I a) Work (daytime and b) Time with family c) Sleep

work brought home)
1 2 3 4 5 6 7 8 9  10 11 12 1 2 3 4 5 B 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9  10 11 - 1^



Appendix II Univariate statistics
Table AII.l Univariate statistics of covariates, in men included in psychological 
distress group and with no CHD events at Phase 1 baseline. N=4932

a. Categorical variables
Categorical variables : demographic
Age-group Employment grade Marital status
years n (%) n(% ) n(% )
N 4932 N 4932 N 4921
35-40 1402 (28.4) Admin 1920(38.9) Marr/cohab 3997(81.1)
40-45 1343(27.2) Exececutive 2605 (52.8) Single 655 (13.3)
45-50 963 (19.5) Clerical 407(18.3) Div/widow 269(5.5)
50-55 1224 (24.8)

Categorical variables : health behaviours
Smoking behaviour Alcohol consumption Vigorous exercise

n (%) units/week n (%) hrs/week n (%)
N 4891 N 4897 N 4760
Never 2371 (48.4) None 647(13.2) 0 2215 (46.5)
Ex 1778 (36.4) 1-10 2222 (45.4) 1-2 1260 (26.5)
Current 742(15.2) 11-15 612(12.5) 2+ 1285 (27.0)

16-30 927(18.9)
31+ 489(10.0)

Categorical variables : underlying CHD
Rose angina ECG Combined Hypertensive

abnormality marker
n (%) n (%) n (%) n (%)

N 4889 4930 4932 4931
No 4803 (98.2) 4651 (94.3) 4572 (92.7) 3935 (79.8)
Yes 86(1.8) 279 (5.7) 360 (7.3) 996 (20.2)

Categorical variables : other psychosocial factor
Religious attendance Life events in last 12 months

n (%) n (%)
N 4923 N 4844
Weekly 883 (17.9) 0 1525 (31.5)
Monthly 792(16.1) 1 1647 (34.0)
Never 3248 (66.0) 2+ 1672 (34.5)

Admin= administrative grade
Marr/cohab = married or cohabiting; Div/widow = divorced or widowed ^
Hypertensive = one of systolic blood pressure > = 140 mm Hg, diastolic blood pressure > 
= 90 mmHg, or reported antihypertensive medication.
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Table AII.l Univariate statistics of covariates, in men included in psychological
distress group and with no CHD events at Phase 1 baseline. N=4932

b. Continuous variables
Continuous variables : CHD risk factors

BPS BPD BMI Cholesterol Fibrinogen LVM

Units mmHg mmHg kg/m^ mmol/1 log g/1 log
N 4921 4921 4924 4910 4910 1537 1537 3404

M ean 124.4 77.7 24.59 5.97 1.763 2.69 0.970 108.0
SD 13.99 9.89 3.05 1.14 0.1920 0.55 0.199 16.85
Max 236 121 55.0 12.7 5.50 54.9
Min 82 44 10.5 2.6 1.24 236.6
Skewness 0.6323 0.2741 0.999 0.5326 0.1525 1.076 0.1827 0.877
Top quintile >26.7 6.9 >121
Continuous variables : blood count

WBC Lymphocyte Granulocyte
Units (xlO" log (xlO" log (xlO" log

/I) /I) /I)
N 1603 1603 1338 1338 1339 1339
Mean 6.78 1.88 2.44 0.85 3.97 1.32
SD 1.77 0.24 0.65 0.27 1.44 0.343
Max 18 6 14
Min 3 1 1
Skewness 1.48 0.336 0.746 -0.34 1.73 -0.02
Top tertile >8 >3 >5

Continuous variables : GHQ-30 factors
General Competence Depression Social Sleep

N 4822 4822 4822 4822 4822
Mean -0.010 0.053 -0.045 0.056 -0.050
SD 1.03 1.04 0.99 1.00 0.99
Max 4.21 5.24 5.17 6.41 4.61
Min -2.90 -3.97 -2.83 -2.76 -3.14
Skewness 0.62 0.39 1.37 0.19 0.511
Continuous variables : personality variables

Hostility Negative affect Positive affect
N 3103 3666 3654
Mean 10.70 2.65 6.26
SD 6.06 2.31 2.95
Max 35 15 15
Min 0 0 0
Skewness 0.66 1.13 0.20

BPS = systolic blood pressure; BPD = diastolic blood pressure; BMI = body mass index; 
LVM = left ventricular mass; WBC = white blood count .Quintiles /tertiles based on log 
values
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Table AII.2 Univariate statistics of covariates, in men included in psychological
distress group and with no CHD events at Phase 3 baseline. N=5449

a. Categorical variables
Categorical variables : demographic
Age-group Employment grade Marital status
years n (%) n (%) n (%)
N 5449 N 5441 N 5445
40-45 1526 (28.0) Admin 2634 (48.4) Marr/cohab 4489 (82.4)
45-49 1548 (28.4) Exececutive 2439 (45.4) Single 652 (12.0)
50-55 1070 (19.6) Clerical 338 (6.2) Div/widow 304 (5.6)
50 + 1305 (24.0)

Categorical variables : health behaviours
Smoking behaviour Alcohol consumption Vigorous exercise

n (%) units/week n (%) hrs/week n(% )
N 5350 N 5441 N 5447
Never 2623 (49.0) None 783 (14.4) 0 2909 (53.4)
Ex 2052 (38.4) 1-10 2413 (44.4) 1-2 1384 (25.4)
Current 675 (12.6) 11-15 663 (12.2) 2+ 1154 (21.2)

16-30 1096 (20.1)
31+ 486 (8.9)

Categorical variables : underlying CHD
Rose angina ECG Combined Hypertensive

abnormality marker
n (%) n (%) n (%) n (%)

N 5443 5207 5448 5445
No 5349 (98.3) 4999 (96.0) 5148 (94.5) 4325 (79.4)
Yes 94(1.7) 208 (4.0) 300 (5.5) 1120 (20.6)

Admin= administrative grade
Marr/cohab = married or cohabiting; Div/widow = divorced or widowed 
Hypertensive = one of systolic blood pressure > = 140 mm Hg, diastolic blood pressure > 
= 90 mmHg, or reported antihypertensive medication.
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Table AII.2 Univariate statistics of covariates, in men included in psychological
distress group and with no CHD events at Phase 3 baseline. N=5449

b. Continuous variables
Continuous variables: CHD risk factors

BPS BPD BMI Cholesterol Fibrinogen WHR

Units mmHg mmHg kg/m^ mmol/1 log g/1 log
N 5207 5207 5203 5192 5192 4844 4844 5138

Mean 121.8 81.0 25.06 6.46 1.85 2.33 0.82 0.90
SD 13.13 9.18 3.14 1.12 0.18 0.54 0.22 0.06
Max 182 127 42.4 11.10 6.63 1.17
Min 52 36 14.3 2.71 0.61 0.52
Skewness 0.40 0.16 0.68 0.32 -0.22 1.20 0.264 0.18
Top quintile >27.5 >7.41 >2.73 >0.95
Continuous variables : metabolic syndrome

Fasting Trig HDL Fasting glucose 2 hr glucose
Units mmol/1 log mmol/1 log mmol/1 log mmol/1 log
N 5192 5192 5189 5189 4999 4999 4987 4987
Mean 1.59 0.292 1.32 0.228 5.31 1.66 5.52 1.66
SD 1.22 0.55 0.36 0.39 0.66 0.11 1.96 0.32
Max 26.9 3.36 16.9 25.2
Min 0.22 0.01 2.1 1.6
Skewness 5.77 0.48 0.58 -4.61 5.84 1.82 2.47 0.28
Top quintile >2.14 <1.03 >5.7 >6.7

Fasting insulin 2 hr insulin
pmol/1 log pmol/1 log

N 4716 4716 4970 4970
Mean 6.99 1.70 44.88 3.47
SD 5.93 0.69 39.0 0.87
Max 121.2 506.0
Min 1.0 1.20
Skewness 5.02 0.06 2.71 -0.40
Top quintile >9.6 >69.1

Continuous variables : GHQ-30 factors
General Competence Depression Social Sleep

N 5428 5428 5428 5428 5428
Mean -0.07 0.00 -0.03 0.02 -0.03
SD 0.98 0.98 0.97 0.98 0.96
Max 4.77 6.06 5.74 5.38 4.71
Min -1.47 -4.37 -2.89 -4.87 -3.93
Skewness 0.67 0.08 1.41 0.05 -0.05

BPS = systolic blood pressure; BPD = diastolic blood pressure; BMI = body mass index; 
WHR = waist-hip ratio; Trig = triglyceride HDL = high density lipoprotein.
Quintiles based on log values, except HDL
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Appendix III Principal components analysis
Figure AIII.l Scree plots for unrotated principal component analysis of GHQ-30, men and women combined, using 
Likert scores
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Table AIII.l. Factor loadings from the varimax rotation (xlOO). Phase 1,5 factor
solution.

Questions (nos from 
Appendix Al l)

Factor
1

Factor 2 Factor 3 Factor 4 Factor 5 Communality

SO.Concentrate 35 51 01 12 27 47
81.Lost sleep 43 05 16 08 71 73
82.Restless nights 37 06 11 06 76 73
83 Keep busy 34 22 08 30 49
84. Out of house -02 07 05 49 29 33
85.Managing as well as 
others

03 46 23 -03 -01 26

86. Doing things well 22 75 07 11 08 64
87. Satisfied 23 73 03 09 07 60
88.Feel warmth 13 21 15 55 -11 40
89. Finding it easy to get 
along

13 25 09 62 -04 48

90. Chatting 11 -02 01 69 08 49
91.Playing useful part 02 60 21 26 07 47
92.Making decisions 21 64 09 15 -05 48
93. Felt under strain 77 10 02 15 14 65
94. Overcome 
difficulties

64 25 29 07 05 57

95. Life a struggle 72 15 29 14 09 65
96.Enjoy activities 48 30 00 41 13 50
97.Taking things hard 67 10 23 15 11 55
98.Getting scared or 
panicky

52 16 42 -02 19 51

99. Face up to 
problems?

24 49 18 20 -06 38

100. Getting on top of 
you

75 19 26 09 09 68

101 .Feeling unhappy 63 24 35 17 19 64
102.Losing confidence 49 36 47 05 09 60
103. Worthless person 30 22 73 06 04 68
104. Life hopeless 24 13 82 15 05 77
105.Feeling hopeful 20 35 34 34 -08 40
106. Happy 39 41 22 40 02 53
107.Feeling nervous 65 15 34 09 22 62
108.Felt life not worth 
living

21 12 80 17 06 73

109. Nerves too bad 29 16 61 07 16 50
Eigenvalue 5.38 3.79 3.55 2.20 1.60 16.51
% variance explained 18% 12.6% 11.8% 7.3% 5.3% 55%
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Table AIII. 2 Factor loadings from the varimax rotation (xlOO). Phase 3, 5 factor
solution

Questions (nos from 
Appendix Al l)

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Communality

SO.Concentrate 46 00 47 09 13 45
81.Lost sleep 76 10 04 02 21 63
82.Restless nights 70 02 06 -01 25 57
83 Keep busy -11 17 37 -05 62 57
84. Out of house 17 04 06 35 68 62
85.Managing as well as 
others

03 24 45 -08 18 29

86. Doing things well 23 06 75 13 08 64
87.Satisfied 26 04 75 11 06 63
SS.Feel warmth 07 15 16 63 -01 44
89. Finding it easy to get 
along

11 09 27 64 02 50

90. Chatting 12 03 03 65 20 48
91.Playing useful part 05 17 60 25 14 48
92.Making decisions 13 13 65 23 00 51
93. Felt under strain 75 12 11 22 -12 66
94. Overcome 
difficulties

60 34 27 15 -09 58

95. Life a struggle 67 36 19 16 -07 64
96.Enjoy activities 44 02 31 41 16 48
97.Taking things hard 65 31 16 17 -07 57
98.Getting scared or 
panicky

53 48 17 01 03 54

99. Face up to 
problems?

15 21 47 27 04 37

100. Getting on top of 
you

69 35 21 15 -10 67

101 .Feeling unhappy 63 42 24 17 -05 66
102.Losing confidence 49 51 34 06 -03 62
103. Worthless person 26 75 23 09 04 68
104. Life hopeless 21 83 13 14 06 77
105.Feeling hopeful 12 31 39 35 -09 40
lOô.Happy 31 25 42 45 -04 54
107.Feeling nervous 62 45 15 13 -04 63
108.Felt life not worth 
living

18 81 11 16 08 73

109. Nerves too bad 27 69 09 07 11 58
Eigenvalue 5.60 4.10 3.70 2.34 1.18 16.92
% variance explained 18.7% 13.7% 12.3% 7.8% 3.9% 56.4%
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Appendix IV Correlates of left ventricular mass in men

Table AIV.l Selected CHD risk factors by quintile of left ventricular mass in men.
Age adjusted means and percentages shown. Analyses in all men.

Risk factors
Bottom

Quintile of LV mass 
2 3 4 Top Trend

Age yrs mean 44.8 43.8 43.8 43.8 43.8

Grade Admin
Executive
Clerical

% 3&9
50.7
10.4

3&9
533
7.8

36.8 
55.4
7.8

3&9
53.5
6.6

37.5
52.6 
9.9 **

Marital Marr/cohab
Single
Div/wid

% 833
12.1
4.6

1.5
12.6
5.9

82.3
12.4 
5.3

79.6
14.4
6.0

78.3
17.0
4.7

**
**

Ethnic
group

Affo-
Caribbean

% 1.0 1.1 1.2 0.9 5.2 ***

Smoker Current % 17.3 16.3 14.9 14.3 12.9 ***

Vigorous
exercise

>=2hr+/wk % 24.3 23.9 26.9 27.2 30.9 **

Alcohol >30
units/wk

% 9.9 9.7 10.8 11.4 8.1

Marker of underlying 
CHD

% 5.0 5.7 7.7 8.1 13.7 **

BPS mmHg mean 121.6 123.0 124.8 126.4 129.9 **

BPD mmHg mean 77.1 77.3 78.0 78.9 80.6

BMI kg/m2 mean 24.6 24.6 24.5 24.8 24.6

Marr/cohab = married or cohabiting.
Div/wid = divorced/separated /widowed.
Marker of underlying disease = Rose angina or ECG abnormality. 
Ethnic group - from observations made at Phase 1 screening
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Appendix V Construction o f psychological distress groups

Table AV I Construction of psychological distress groups using GHQ-30 results from Phases 1 to 3

Phase 1 baseline Phase 3 baseline
Line Phase 1 Phase 2 Phase 3 N M issing Never Recurrent Early M issing Never Persient New Former

1 . _ _ 31 * *
2 X X X 3653 * *
3 569 * *

4 X 456 * *

5 X 214 * *

6 X 347 w  - .................
*

7 X X 680 * *

8 X X 741 1
*

9 X X (% 437 *

10 _ X X 32 $ *
11 _ (% 4 * *
12 _ (% X 14 * *
13 _ X 3 * *
14 X _ X 676 * *
15 _ 125 * *

16 (% _ X 201 * *

17 X _ 133 T
*

18 X X 510 * *

19 (% - 101 * *

20 (% X _ 104 * *

21 X (% . 130 1  ■
*

22 X - 818 * *

23 (% _ 294 * *

24 X - 8 * *

25 _ (% . 3 * *
26 _ X 20 * *
27 (% 4 * *

Total 10308 3019 4839 1465 985 2076 4329 1255 570 2078
M en 6895 1865 3465 922 643 1202 3134 796 380 1383
W om en 3413 1154 1374 543 342 874 1195 459 190 695

to
3^


