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Abstract

Cigarette smoking is a major risk factor for ischaemic heart 
disease (IHD). However, there is controversy about the time 
required for the excess risk of IHD to disappear after stopping 
smoking. It is generally accepted that the risk reverts very 
rapidly to that seen in never smokers after stopping smoking. 
This thesis examines the issue: (i) by reviewing published
literature and (ii) by examining data from the British Regional 
Heart Study (BRHS).

The BRHS is a prospective study of cardiovascular disease 
among 7,735 men aged 40-59 years randomly drawn from one general 
practice in each of 24 British towns. The smoking-IHD 
relationship was examined based on 8-year follow-up, focusing on 
the risk with years-since-quitting. By the end of eight years of 
follow-up, there were 487 new major IHD events.

Sources of bias and confounding effects were extensively 
examined. Particular emphasis has been laid on who is likely to 
give up smoking, on the principles for the adjustment of base
line characteristics and on the highly inverse correlation of 
smoking-years with the years-since-quitting smoking.

After excluding men with a doctor diagnosis of IHD at entry, 
and adjusting for age, systolic blood pressure and serum total 
cholesterol, the risk of IHD relative to never-smokers was 2.4 
among current cigarette smokers and 2.1 among secondary 
pipe/cigar (P/C) smokers. Primary P/C smokers seemed to carry no 
excess risk. Although ex-smokers, who on average had given up 
smoking for 13 years at entry, exhibited marginal (26%) excess 
risk compared to never-smokers, a significant trend of declining 
risk with the years-since-quitting was observed. Importantly, it 
appears that there was a substantial fall in risk of IHD within 
5 years of quitting, ex-smokers remained at a raised risk of IHD 
compared to never-smokers for an extended period thereafter. 
There is also some evidence that the risk took longer to 
disappear in former heavy smokers than in former light smokers.

It is concluded that the benefit of giving up cigarette 
smoking is more gradual than is usually accepted. This may cast 
light on mechanisms for the role of cigarette smoking in the 
development of IHD. It also carries important implications for 
prevention: that emphasise should be placed on preventing the 
young from starting to smoke and encouraging young smokers to 
give up smoking altogether and as early as possible.
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Abbreviations

Age Age at the initial screening
ASV Additional smoking variables
BRHS British Regional Heart Study
BMI Body mass index (kg/m )

Cadmium Blood cadmium concentration (mmol/1)
CHOL Serum total cholesterol (mmol/1)

CIGSDAY Cigarettes smoked per day
95% CL 95% confidence limits

DBP Diastolic blood pressure (mmHg)
HDL-C High density lipoprotein cholesterol (mmol/1)

IHD Ischaemic heart disease
logWCC Logarithm of white cell counts
(A)MRC (Adjusted) multiple regression coefficients

NS Not statistically significant
P/C Pipe and/or cigars

PREIHD Pre-existing IHD at the initial screening
RECALL Recall of doctor diagnosis of IHD

RO Relative odds
RR Relative risk

SBP Systolic blood pressure (mmHg)
SE Standard error

TBS Total Bortner score
TRIG Blood triglycerides (mmol/1)
YSQ Years-since-quitting

Definitions

Age of quitting = age at which smokers stopped smoking.

Age of starting = age at which smokers started smoking regularly.
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Doctor diagnosis of IHD = recall of a doctor diagnosis of angina 
or a heart attack at the initial screening.

The eight smoking groups

Never-smokers comprise individuals who did not currently smoke 
any tobacco at the initial screening and had never regularly 
smoked cigarettes. A small number of former pipe/cigar smokers 
prior to the initial screening are included in this group 
providing they never regularly smoked cigarettes.

Ex-(cigarette) smokers comprise those individuals who used to 
smoke cigarettes, but did not currently smoke tobacco in any 
form at the initial screening.

Primary pipe/cigar (P/C) smokers are individuals who currently 
smoked a pipe/cigars at the initial screening and who had never 
smoked cigarettes regularly.

Secondary pipe/cigar (P/C) smokers are individuals who used 
to smoke cigarettes and who currently smoked a pipe/cigars at the 
initial screening.

Current (cigarette) smokers are individuals who currently
smoked cigarettes at the initial screening. They are usually 
divided on the basis of cigarettes smoked per day, irrespective 
of whether they have ever smoked a pipe or cigars.

New maior IHD event = a heart attack occurred during the eight 
years of the follow-up.

Number of cigarettes (CIGSDAY^ = the number (amounts) of 
cigarettes ex-smokers usually or current smokers currently smoked 
per day.

Persisters are the current cigarette smokers at the initial 
screening who still smoked cigarettes at five years.
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Pre-existing IHD = any evidence of ischaemic heart disease (IHD) 
identified at the initial screening via electrocardiogram, WHO 
chest-pain questionnaire or recall of a doctor diagnosis of IHD. 
Possible pre-existing IHD = pre-existing IHD short of myocardial 
infraction and Definite pre-existing IHD = pre-existing definite 
myocardial infarction only.

Quitters are the current cigarette smokers at the initial 
screening who did not smoke any tobacco at five years.

Smoking-years = age at initial screening - ('age of starting' 
+ longest period for which smokers had stopped smoking)

Years-since-quitting = age at the initial screening - 'age of 
quitting'.
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Chapter 1 Objectives and Outline

Cigarette smoking, blood pressure and serum total 
cholesterol are three major risk factors for the development of 
ischaemic heart disease. Cigarette smoking is probably among the 
most readily preventable causes. One-third of adult males in 
Western countries still smoke cigarettes, thus there is a great 
potential for reducing the epidemic of IHD. Anti-smoking 
campaigns in adults must assume that cessation of smoking reduces 
the risk of IHD. It is beyond doubt that the risk of IHD is 
substantially lower among those who have stopped smoking, yet 
the time required for the risk to return to normality has long 
been a debatable point. A long-lasting risk after quitting would 
suggest a mechanism favouring a persistent effect of smoking on 
the risk of IHD. Such an assumption would also help explain the 
relatively small beneficial effect of most intervention trials 
aimed at lowering the three major risk factors including 
cigarette smoking. More importantly, a persistent effect of 
smoking would emphasise the importance of preventing the young 
from starting to smoke and of persuading current smokers to 
giving up smoking as early as possible.

However, the evidence on this issue has not been consistent. 
Some studies report that the risk of IHD remains greater than 
in lifelong non-smokers (never-smokers) for many years after 
quitting, while others suggest that the excess risk disappears 
rapidly after quitting. This controversy may be partly 
attributed to the differences in the design and analysis of the 
studies, such as study population (age, sex, occupation, and 
status of pre-existing IHD), definitions of smoking categories, 
lengths of follow-up, countries and year of observation. In the 
major review of smoking and IHD issued by the U.S. Surgeon 
General (Surgeon General 1983], few data were given on this issue 
and no definite conclusion was reached.
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The British Regional Heart Study, which provides the data 

for this thesis, is a prospective study designed to examine the 
geographic variations in IHD and their determinants within Great 
Britain. The data provide a unique opportunity to examine what 
happened to the risk of IHD after stopping smoking cigarettes 
amongst a representative sample of 7,735 British middle-aged men. 
The objective of this thesis is to analyze and present the data 
from the BRHS within the context of a review of the available 
evidence from other main epidemiologic studies, and to delineate 
the pattern with which the risk of IHD declines after giving up 
smoking. Sources of possible bias and potential confounding 
which may arise will be extensively examined and several critical 
matters such as the years of smoking which may confound the whole 
attempt will be also addressed. The contents of the following 
chapters are:

Chapter 2 reviews the main epidemiologic studies which have 
addressed the issue with an emphasis on follow-up studies. The 
methods of the British Regional Heart Study are summarised in 
Chapter 3.

Chapters 4 to 6 are concerned with cross-sectional data at 
the initial screening and at five years, providing the 
information on possible bias, potential confounding effect and 
the determinants of giving up smoking. Chapter 4 provides the 
smoking status defined at the initial screening and the changes 
in smoking habits at five years. No exposure measurements in 
epidemiologic studies are perfect and biases due to 
misclassification of exposure to cigarette smoke and to changes 
in smoking habits are discussed. Finally, the smoking data are 
evaluated by comparison with national data and by using serum 
cadmium concentration, a marker of recent smoking.

Chapter 5 is concerned with confounding effects and biases 
due to factors other than the exposure measurement. Men with 
different smoking habits at the initial screening are compared 
in terms of prevalence rates of pre-existing IHD, IHD-related
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diseases, smoking-related conditions, social class and other 
potential confounders measured at the initial screening. The 
implications of differences in these factors are discussed in the 
context of the effect of stopping smoking cigarettes on the risk 
of IHD.

People who give up smoking due to the development of a heart 
attack may exaggerate the risk of IHD among those who have 
recently given up smoking. In Chapter 6, the proportions of 
those who stopped smoking in the first five years of follow-up 
are compared between those with and without evidence of pre
existing or a new major IHD event in order to see how likely 
current smokers are to give up smoking due to these conditions. 
The analysis is extended to other IHD or smoking-related 
conditions and to social class. The characteristics at initial 
screening are compared between those current smokers who quit and 
those who continued to smoke at five years. This may throw light 
on the cross-sectional differences in base-line characteristics 
discussed in Chapter 5.

The prospective analyses relating stopping smoking to the 
risk of IHD are given in Chapter 7 and 8. Logistic regression 
is used to control for confounding factors. In Chapter 7. the 
ex-smokers are taken as a whole group. Factors which may 
influence the risk estimates among ex-smokers are examined, and 
the direction and magnitude of the bias are given where 
estimation is possible. The interaction of smoking with blood 
pressure and serum total cholesterol is also considered.

In Chapter 8, ex-smokers are split into sub-groups according 
to years-since-quitting to see how many years it takes for the 
risk to disappear. The potential confounding effect of the 
number of years for which a man has smoked is examined. Finally, 
the effect of quitting is further examined by consideration of 
its interaction with the number of cigarettes smoked per day and 
with systolic blood pressure. A summary and a discussion of the 
whole thesis are given in Chapter 9 .
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Chapter 2 Stopping Smoking and the Risk of IHD: a Review
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2.0 Abstract

1. Fifteen major prospective studies which relate cigarette 
smoking to the risk of IHD are reviewed. The smoking-IHD 
association was invariably confirmed. Of 12 studies with data 
on former smoking, only the Framingham and Whitehall studies 
failed to find an excess risk of IHD in ex-smokers. Four studies 
with data on years-since-quitting all showed a tendency toward 
declining risk with increasing years-since-quitting, where it 
took up to 15 years for IHD risk to reverse to that seen in 
never-smokers. Limited data indicate the absence of a dose- 
response relationship between smoking-years and the risk of IHD. 
In addition, primary pipe/cigar (P/C) smokers do not appear to 
carry any excess risk of IHD while secondary P/C and mixed 
(primary + secondary) P/C smokers generally showed a slight 
excess risk, but the data are sparse since most studies did not 
report on P/C smokers or did not separate primary and secondary 
P/C smokers.

2. Four case-control studies were found to relate the risk to 
years-since-quitting. Though a slightly more rapid reduction 
in the risk after quitting is observed than in the prospective 
studies, the results are basically in keeping with the follow- 
up studies. Benefits of quitting smoking have also been 
consistently observed among those who had a myocardial infarction 
and later gave up smoking. Two post-MI studies reported that 
quitters continued to benefit in their coronary risk after seven 
years of giving up. Neither ecological studies nor intervention 
trials have provided any useful evidence on the issue.

3. These results support the view that cessation of smoking 
reduces the risk of IHD. An early and substantial reduction of 
the risk would appear to occur in the first few years of stopping 
smoking. It may however take much longer than usually considered 
for the excess risk to completely disappear after stopping.
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2.1 Introduction

IHD - a global health problem Ischaemic heart disease is now 
the most important chronic health problem and a leading cause of 
death in middle-aged and older people in both men and women in 
Western countries. In Britain, about 20% of middle-aged men have 
evidence of heart disease [Shaper et al 1984b]. Deaths from IHD 
account for almost 40% of all deaths for males and 22% for 
females aged between 55-64 [Smith 1988]. Since the 1960s IHD 
mortality has declined in many industrialised countries [Thom 
1989], the causes of this decline have thus far not been well 
explained. In developing countries IHD is less of a problem, but 
is likely to become increasingly important in the future. Take 
China, two-thirds of adult males smoke cigarettes and the 
increasing trend of current smoking does not seem to have seen 
its end. As the country gets richer and more animal fat is 
consumed, the epidemic of IHD experienced by Western countries 
may occur in China and in many other developing countries due to 
elevated serum cholesterol levels [Wines 1990, Chen et al 1990]. 
A global campaign aimed at reducing the epidemic in the Western 
countries and preventing an epidemic in the developing countries 
has become urgent.

Smoking - a major risk factor of IHD Since White first
associated smoking with myocardial infarction in 1935 [White 
1935], this association has been extensively studied by 
observational and experimental studies. A vast body of data has 
demonstrated beyond reasonable doubt that cigarette smoking is 
one of the major risk factors for ischaemic heart disease, the 
other two being high blood pressure and elevated serum total 
cholesterol. The association has been confirmed in many nations 
and in both men and women. The risk of developing a heart attack 
among those who currently smoke cigarettes is generally found to 
be about two-fold that observed in lifelong non-smokers. The 
relative risk of smoking approaches that ascribable to those 
found for raised blood pressure and for raised serum total 
cholesterol [Surgeon General 1983]. The risk among those who
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have given up smoking is intermediate between never-smokers and 
current smokers. The relative risk tends to increase with the 
amount of cigarettes consumed, and declines as age increases. 
In contrast, the risk difference between smokers and never- 
smokers increases with age.

Anti-smokina campaign and the risk of IHD Cigarette smoking 
is likely to be the most readily preventable cause of IHD. 
Evidence has shown that after World War II, smoking prevalence 
and the average tobacco consumption steadily decreased in almost 
all Western countries. Since there is still a large proportion 
of men who smoke and the prevalence of women who smoke has 
increased in many countries, the potential to reduce the risk of 
IHD by modifying smoking habits is considerable.

The dimensions of anti-smoking campaign Given the epidemic 
proportions of IHD in Britain and other Western countries, the 
potential for reducing the epidemic by influencing the smoking 
habits of the population has long occupied the minds of health 
workers. The anti-smoking campaign may be targeted in different 
dimensions. For those who do not smoke, particularly among 
children, the best way to reduce the smoking-induced risk of the 
disease is not to take up smoking. This has proved to be a slow 
process and between 30-40% of adults in Britain currently smoke 
cigarettes. For those who already smoke, suggestions include 
switching from smoking cigarettes to a pipe or cigars, reducing 
tar/nicotine yields of cigarettes, smoking fewer cigarettes per 
day, and lowering the levels of other risk factors which may 
interact with smoking in the development of IHD (eg serum total 
cholesterol). Unfortunately, these efforts have not always been 
justified by the available epidemiological data. For example, 
nicotine may not be responsible for the elevated risk of IHD due 
to smoking [Wald et al 1981]; switching from smoking cigarettes 
to smoking a pipe or cigars may not reduce the risk of developing 
a heart attack. Giving up smoking altogether would be the most 
beneficial approach for those who currently smoke cigarettes.
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How rapidly does the IHD risk disappear? There seems little 
doubt that cessation of cigarette smoking reduces the risk of 
IHD. However, there is conflicting evidence in the literature 
regarding the length of time required before the risk of IHD in 
those who stop smoking completely declines to the risk observed 
in those who have never smoked. Some studies have found that 
this may take many years, while others have suggested that the 
risk is rapidly reversible after stopping smoking. The 
resolution of this argument is important for two reasons. First, 
it may cast light on the mechanisms by which cigarette smoking 
is involved in the development of a heart attack. Second, it may 
carry different implications for the anti-smoking strategy. The 
emphasis should be to educate young generations to avoid smoking, 
and to advice current smokers to give up as early as possible if 
the excess risk is not easily reversible after quitting.

Structure of the review This review is mainly concerned with 
cessation of smoking. The structure is determined by the types 
of epidemiologic studies. Follow-up studies from which most of 
the evidence has been drawn will be examined extensively. Case- 
control studies will then be discussed and compared with the 
follow-up studies. Other types of study will be only briefly 
summarised. In each section, following a general discussion of 
the advantages and weaknesses of each study type, a 'typical' 
study will be examined in some detail to illustrate their 
essential features in this context.

2.2 Follow-up studies

2.2.1 Introduction

In a prospective study, a group (cohort) of people who 
differ in their exposure to tobacco smoking over many years are 
identified, followed up and compared with respect to the 
incidence of IHD. In contrast to case-control studies, the 
comparisons within the cohort can be more clearly defined and
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confounding factors more effectively measured. The effects of 
smoking on fatal IHD and on re-infarction can also be evaluated.

However, comparisons within a follow-up study may still be 
problematic. Persons who smoke may not be the same kind of 
people as those who have never smoked, and persons who begin 
smoking at an earlier age may be different from those who begin 
at an older age. In particular, those who stop smoking may 
differ from those who continue to smoke in terms of other risk 
factors at the time they both smoke [Friedman et al 1979], and 
those who quit at younger ages may differ from those who quit at 
older ages. Doll [Doll & Hill 1964, Doll & Peto 1976] suggested 
that smokers may selectively fail to give up cigarette smoking 
when severely ill, while Kahn [1966] believed illness may 
facilitate people to stop smoking. This problem may be lessened 
by restricting analysis to those free of IHD at entry [Doyle et 
al 1964, Hammond & Garfinkel 1969], or to those who have stopped 
smoking for several years [Kahn 1966]. In order to control for 
confounding effects, a widely used method is the adjustment for 
the base-line characteristics measured at entry into a study. 
This practice has its problems since smoking and quitting may 
itself lead to changes in risk factors. For example, smokers may 
put on weight after they stop smoking [Gravey et al 1974, Gordon 
et al 1975] so that adjustment for weight may be inappropriate. 
Ideally, we would adjust for these factors measured when ex
smokers still smoked cigarettes.

In many studies smoking status and potential confounding 
factors are measured at only one point in time, ie at the initial 
screening. Changes may occur with time during the period of 
follow-up. In particular: i) some current smokers may
subsequently give up smoking so the risk of current cigarette 
smoking will be under-estimated if risk does decline after giving 
up; ii) Some ex-smokers may resume smoking, leading to an over
estimation of the risk in those who have given up smoking. The 
situation would be further complicated if some never-smokers 
start smoking. Some studies have therefore assessed the smoking
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habits repeatedly as in the Framingham Study [Kannel et al 1968, 
1984] and the British Doctor Study [Doll & Hill 1964, Doll & Peto 
1976, Doll et al 1980]. The added information on smoking status 
has been used in two ways: (1) The risk of IHD was related to
their most recent smoking status [Gordon et al 1974, Doll & Peto 
1976], or (2) comparisons were restricted to those whose smoking 
status remained unchanged over the whole period of follow-up 
[Friedman et al 1979]. The advantages of these approaches have, 
however, not been properly addressed. Understandably, the former 
approach would tend to aggravate the problem of selective giving 
up due to illness, particularly in a mortality study. The latter 
approach would add a new dimension to the difficulties: do those
who persist in their smoking habits resemble those who do not?

Lying about smoking habits seems likely to be less common 
in intervention trials and post-myocardial infarction studies 
[Sillett et al 1978, Britten 1988, Wilcox et al 1979] where anti
smoking intervention are aimed at. However, where lying does 
occur it is likely to result in an over-estimate of the risk in 
ex-smokers, when men who say they have given up are actually 
still smoking. A cohort study reported that 8% of those who
claimed to be lifelong non-smokers at the age of 36 had 
previously reported smoking at least one cigarette a day [Britten 
1988]. A larger proportion of at-entry ex-smokers may resume 
smoking cigarettes, but they tend to smoke very little or only 
intermittently after resumption [Gordon et al 1976]. The issue 
of lying can be overcome by measuring some biological marker of 
recent smoking such as cotinine or nicotine [Pojer et al 1984, 
Pierce et al 1986, Jarvis et al 1987]. However, they have been 
rarely used in large follow-up studies. Recently, Ockene et al 
[1990] reported the use of thiocyanate to validate the 
questionnaire smoking status in the MRFIT study. Because neither 
specificity nor sensitivity of thiocyanate as a marker of recent 
smoking was believed to be higher than 90% [Pojer et al 1984, 
Jarvis et al 1987], this practice is unlikely to have improved 
the validity of the smoking status.
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Despite these problems in the design, data collection and 

analysis, follow-up studies are still the main data source from 
which the issue of giving-up in relation to the risk of IHD can 
be examined.

2.2.2 An example of a follow-up study

British Doctor Study [Doll & Hill 1964, Doll & Peto 1976, 
Doll et al 1980]

In 1951, Doll and Hill initiated a follow-up study of 34,440 
British male doctors (69% of eligible participants) aimed at 
determining the impact of tobacco smoking on mortality from 
different causes. Information on smoking and a few other risk 
factors was collected by a questionnaire, which was repeated at 
6, 15 and 21 years after entering the study. 103 (0.3%) were 
lost to follow-up over the twenty years of observation. This 
summary concerning the issue of giving up smoking is based on the 
report of the 20-year follow-up of male doctors only [Doll & Peto 
1976]. The findings for pipe/cigar smoking are based on 15-year 
follow-up [Doll & Peto 1976]. Age- and cause-specific person- 
year death rates were related to smoking information obtained in 
the last previous questionnaire, which allowed a maximum interval 
of 5-8 years between the relevant smoking status and the 
occurrence of death.

Main findings: i) Compared to never-smokers, a 62% increase
in the mortality from IHD was observed among current cigarette 
smokers and 29% among ex-cigarette smokers. ii) Among the 
current cigarette smokers, the relative risks for men smoking 1- 
14, 15-24, >25 cigarettes/day were 1.47, 1.58 and 1.92
respectively. iii) The relative risk diminished with age. In 
particular, the relative risk for current cigarette smokers aged 
under 60 was 2.80 compared to 1.36 for men over 60. The absolute 
excess mortality in current cigarette smokers increased with age, 
however, iv) The current cigarette smokers who said they inhaled 
the smoke were at a risk 1.6 times that in those who did not.
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v) The current pipe/cigar smokers who used to smoke cigarettes 
exhibited an excess relative risk similar to ex-cigarette 
smokers, while current P/C smokers who had never smoked 
cigarettes showed no excess risk [Doll & Peto 1976]. The study 
also confirmed the smoking-IHD relationship among 6,194 female 
British doctors in a 22-year follow-up [Doll et al 1980].

The analyses regarding giving up smoking were extended by 
splitting the ex-smokers according to the years-since-quitting. 
To facilitate the comparisons, ex-cigarette smokers who resumed 
smoking cigarettes and never-smokers who started smoking 
pipe/cigars were excluded. Never-smokers who started smoking 
cigarettes and nothing else were reclassified as current 
cigarette smokers and current smokers who later stopped were 
reclassified as ex-smokers. A considerable drop in relative 
risk was observed within the first ten years after quitting, and 
thereafter the risk changed little with time, being 10-30% 
greater than never-smokers among those who had given up for more 
than 15 years. In particular, dramatic reduction of the risk 
with years-since-quitting was observed among the youngest men 
(aged 30-54) while the reduction was less apparent among men over 
55 (see Table 2-ld). However, bias may arise because there was 
an indication that men who developed a heart attack were more 
likely to give up smoking. The data showed that this could have 
resulted in about one-third overestimation in the mortality of 
lung cancer. It may nevertheless be less of a problem among men 
who had given up smoking for many years.

2.2.3 The smoking-IHD link

General findings In general, the findings from the British 
Doctor Study have been confirmed by many other studies [Doyle et 
al 1964, Best et al 1967, Jenkins et al 1968, Hammond & Garfinkel 
1969, Gordon et al 1974, Doll & Peto 1976, Reid et al 1976, 
Pooling project 1978, Rogot et al 1980, Dawber 1980, Gyntelberg 
et al 1981, Friedman et al 1981]. Ten of the major follow-up 
studies reviewed by the U.S. Surgeon General [1983], a major
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review of epidemiologic data on this issue, and five important 
studies published since then [Barrett-Connor et al 1984, Jajich 
et al 1984, Kannel et al 1986, Carstensen et al 1987, Pekkanen 
et al 1989] are examined in this review. The characteristics of 
the 15 studies are summarised in Table 2-la and the relative 
risks in current smokers and in ex-smokers are given in Table 
2-lb. The studies are ordered in the tables by publication years 
and denoted with letters A to 0. The smoking-IHD issue is 
characterised as follows:

a) The mortality or morbidity from IHD among those who 
currently smoke cigarettes is some two-fold that observed among 
those who have never smoked any tobacco. b) There is a small 
gradient in the risk with the number of cigarettes consumed by 
current smokers per day. c) The absolute risk of IHD tends to 
increase with age, but the relative risk is greatest in young 
middle life and diminishes with age to become a minor risk beyond 
age 65 [Jenkins et al 1968, Hammond et al 1969, Doll & Peto 1976, 
Pooling project 1978, Dawber 1980, Barrett-Connor et al 1984, 
Carstensen et al 1987]. d) A similar association has also been 
confirmed among women [Shapiro et al 1969, Hammond & Garfinkel 
1976, Doll et al 1980, Willett et al 1987] and is probably even 
stronger than that among men [Doll et al 1980, Surgeon General 
1983, Rosenberg et al 1985b, Gramenzi et al 1989]. e) Cigarette 
smokers who inhale the cigarette smoke tend to be at slightly 
greater risk than those who do not [Reid et al 1976, Doll & Peto 
1976, Carstensen et al 1987]. f) The association has been 
limited to myocardial infarction and only small but significant 
elevations of the risk of IHD manifest by angina pectoris only 
have been found among cigarette smokers [Dawber 1976, Surgeon 
General 1983]. g) Age when smoking started was not associated 
with the risk of IHD [Carstensen et al 1987].

Interaction effects The interaction of smoking with the other 
two important risk factors (blood pressure and serum total 
cholesterol) has not been fully studied. The report of the U.S. 
Surgeon General [1983] speculated that smoking may partly be
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mediated by or associated with the elevation of the serum total 
cholesterol to engender the increased liability of developing a 
heart attack. Perkins [1983] demonstrated a fairly consistent 
synergistic effect of smoking and elevated serum total 
cholesterol on IHD risk. Some cohort studies found that the 
association of smoking with the risk of IHD, in terms of relative 
risk, tended to be stronger among those who had higher serum 
total cholesterol concentrations than among those with lower 
cholesterol [Doyle et al 1964, Reid et al 1976, Willett et al
1987]. Among smokers with higher blood pressure the association 
tended to be weaker than among those with lower blood pressure 
[Doyle et al 1964, Hammond & Garfinkel 1969, Reid et al 1976, 
Willett et al 1987]. However, a very large prospective study 
[Kannel et al 1986] failed to confirm any significant variations 
in the relative risk among people with different levels of blood 
pressure or serum total cholesterol.

Mechanisms The mechanisms by which cigarette smoking leads to 
an increased risk of IHD are not conclusively established. All 
hypotheses fall into two categories: chronic and acute. The 
chronic mechanisms may involve acceleration of coronary 
atherosclerosis [Surgeon General 1983, McGill 1988], which may 
result from the disorder of blood lipids observed among cigarette 
smokers. It is believed that it would take more than a year for 
significant regression of atherosclerosis to occur [McGill 1988].

Smoking also increases the level of some haemostatic [Meade 
et al 1979, Yarnell et al 1985] and haematologic [Howell 1970, 
Corre et al 1971, Friedman et al 1973, Fisch & Freedman 1975] 
factors, which are related to the risk of acute myocardial 
infarction and subsequent death probably by augmenting the 
proneness to a lethal arrhythmia and thrombosis [Friedman et al 
1974, Meade et al 1980, Davies & Thomas 1984, Wilhelmsen et al 
1984, Meade et al 1986, Ernst et al 1987]. In particular, 
fibrinogen has been consistently shown to be associated with 
increased risk of IHD [Wilhelmsen et al 1984, Stone & Thope 1985, 
Kannel et al 1985]. The association of IHD with fibrinogen is
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possibly stronger than those with other risk factors such as 
blood pressure and serum total cholesterol [Stone & Thope 1985, 
Mead et al 1986] . A recent study on men from South Wales and the 
west of England suggested that the effects of smoking on 
fibrinogen and white cell counts persisted for many years after 
giving up smoking [Meade et al 1987, Yarnell et al 1987],

However, there are also lines of evidence suggesting an 
acute cardiovascular effect of smoking. Cigarette smoking has 
been shown to have some short-term cardiovascular influences and 
hemodynamic effects which may be mediated by nicotine stimulating 
the sympathetic nervous system and augmenting liberation of 
catecholamine, and by increased carboxyhamoglobin levels 
[Benowitz 1988]. Among people with some degree of compromised 
coronary circulation these effects may precipitate a myocardial 
infarction or sudden death. In addition to this, a prompt drop
in the risk of IHD observed after cessation of smoking, the
generally observed absence of association between duration of 
smoking and the risk of IHD, and a weak association of smoking 
with the incidence of angina pectoris have led to an assumption 
that 'smoking has a non-cumulative, transient, reversible 
triggering effect rather than a direct influence on
atherogenesis' [Gordon et al 1974].

2.2.4 Duration of cigarette smoking

Here, special emphasis is given to the effect of the
duration of cigarette smoking on the risk of IHD, not in order 
to stress the causal relationship of cigarette smoking to the 
risk IHD, but to facilitate the interpretation of the beneficial 
effect after giving up smoking. Since many people take up 
smoking at a similar age, the years-since-quitting would be 
highly inversely correlated to the duration of smoking. Any 
observation of a declining risk with the years-since-quitting may 
therefore be attributed to effects of smoking-years. Those who 
had gave up recently and had smoked for many years would 
therefore be expected to have higher risk than those who gave up
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many years ago and had smoked fewer years. However, it is 
impractical to examine this issue among ex-smokers. The role 
of smoking-years in current cigarette smokers may shed some 
useful light on this. In this regard, the 1983 Report of U.S. 
Surgeon General concluded that 'the effect is dose-related in 
terms of smoking-years' , but no adequate data were given to 
support it. Of the 15 follow-up studies, three providing the 
information on smoking years are summarised in Table 2-lc. Re
examination of the limited information comes to a different 
conclusion: Smoking-years appeared to have no association with
the risk of IHD among those who have been smoking cigarettes for 
many years.

In a combined Albany and Framingham study in which 1,272 
current male cigarette smokers were followed up for 10 years, 
Doyle et al [1964] found no dose-response relationship between 
smoking-years and the risk of MI (see Table 2-lc). Thus, for 
men who had smoked for 10-19, 20-29 and 30 years or more, the 
relative risk of IHD was 1.6, 2.0 and 1.7 respectively. The 
Dorn study of 129,958 U.S. veterans [Kahn 1966] reported that 
among those who smoked 10-20 cigarettes/day the relative risks 
of IHD mortality were slightly increased with smoking-years. But 
a similar pattern was not seen among those who smoked 1-9 
cigarettes and 21-39 cigarettes/day. Kahn summarised this by 
stating that there was 'an almost perfect fit of the data with 
hypothesis of no relationship to duration'. Based on a six-year 
follow-up of 35,199 male smokers, Best et al [1967] confirmed the 
absence of effect of duration of smoking: For heart and
circulatory disease, 'the mortality ratios for cigarette smokers 
were elevated even in the group smoking less than five years. 
Thereafter, higher risk of dying from heart and circulatory 
disease remained relatively constant as long as they continued 
to smoke'. More recently, Friedman et al [1981] conducted 
multivariate analyses on 9,394 persistent smokers and 2,856 
quitters, and found that duration of smoking bore no appreciable 
association with the risk of IHD.



CHAPTER 2: STOPPING SMOKING & THE RISK OF IHD: A REVIEW page 32
It is noteworthy that all these results were adjusted for 

age, which may have reduced the possibility of finding an 
association of smoking-years with risk of IHD. Ideally, we need 
to compare current smokers of the same age who have smoked for 
different lengths of time. No study has been able to do this. 
In conclusion, this does not disprove an effect of smoking-years 
on risk, but it indicates that adjustment for age will remove any 
confounding effect of smoking-years when examining IHD risks with 
years-since-quitting.

2.2.5 IHD risk in ex-smokers

It has been consistently confirmed that cessation of 
cigarette smoking reduces the risk of IHD [Hammond & Garfinkel 
1969, Surgeon General 1983, Jajich et al 1984, Carstensen et al 
1987, Pekkanen et al 1989]. In Table 2-lb, relative risks for 
ex-smokers are available in 13 studies. Three studies [Gordon 
et al 1974, Reid et al 1976 and Rogot et al 1980] reported a 
relative risk below 1.0. In most studies the risk of IHD among 
ex-smokers was slightly greater than that observed among never- 
smokers . This is independent of other main risk factors such as 
age, blood pressure and serum total cholesterol. There is some 
evidence that the excess risk in ex-smokers is greater among the 
populations in which the risk factors other than smoking are less 
prevalent such as the young-middle aged (see below for details). 
It is noteworthy that the reduction in the risk after quitting 
may be complicated by some other factors [Gordon et al 1974]. 
This is detailed as follows.

Pre-existing IHD It is suspected that some smokers may have 
given up smoking due to the development of a heart attack, so the 
excess risk of IHD among ex-smokers may have been exaggerated 
[Kahn 1966, Doll & Peto 1976]. Further, as a result of this and 
possibly of some risk factors which differentiate the ex-smokers 
and current smokers after quitting, adjustment for the 
differences in other risk factors may not be justified. To 
reduce the bias due to selective quitting, many studies have
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excluded those who had evidence of IHD at entry into study [Doyle 
et al 1964, Jenkins et al 1968, Hammond & garfinkel 1969, Reid 
et al 1976, Rogot et al 1980, Willett et al 1987, Pekkanen et al
1989]. The excess risk of IHD among ex-smokers was still 
observed after the exclusion. In particular, considering both 
selective quitting and possible changes in risk factors after 
quitting, Friedman et al [1981] restricted his approach to those 
who currently smoked cigarettes at entry and compared the 
mortality of IHD between quitters (ie. those who later stopped 
smoking) and persisters (ie. those who continued to smoke). 
Adjusting for age, pre-existing IHD and other risk factors 
measured at the time when both groups were smoking cigarettes, 
persisters were at a risk of dying from IHD which was 2.2-fold 
that observed among quitters. This provided stronger evidence 
for the beneficial effect of giving up smoking, although a more 
informative design would have also included comparisons with 
lifelong non-smokers.

Changes in smoking habits Bias can also arise due to changes 
in smoking habits over the period of follow-up. Some ex-smokers, 
particularly those who have given up most recently, may resume 
smoking cigarettes [Hammond et al 1964a] so that the risk in ex
smokers is overestimated. On the other hand, some never-smokers 
are also likely to start smoking cigarettes so that the risk may 
be underestimated. The British Doctor study [Doll & Peto 1976] 
restricted the analysis to never-smokers and ex-smokers 
(including new quitters) whose smoking status remained unchanged 
over the twenty years of follow-up. It was found that the risk 
among persistent ex-smokers remained more than 30% higher than 
continuous never-smokers, within 5-14 years after stopping 
smoking cigarettes. Pekkanen et al [1989] compared the 25-year 
mortality of IHD by relating it to the smoking status at entry 
and to the last previously updated smoking habits. They found 
a relative risk of 1.42 among ex-smokers defined at entry 
compared to 1.31 for 'updated' ex-smokers over the follow-up. 
Therefore, changes in smoking over the follow-up may distort the 
risk estimate but the bias was unlikely to be substantial.
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Age It is known the association of smoking with the risk of 
IHD is stronger among the young-middle aged. A greater relative 
risk may be expected among young-middle aged ex-smokers as well. 
In four studies which were based on subjects aged below 60 (Table 
2-lb), the relative risk of IHD tended to be higher than in 
studies which included people older than 60 years. In 
particular, the Western Collaborative Group Study reported an 
incidence of IHD among men aged 39-49 who had stopped smoking 
cigarettes which was as high as that observed among those who 
continued to smoke and was 2.58 times that found among never- 
smokers. Among those aged 50-59, the excess risk of IHD due to 
past exposure to smoking largely disappeared [Jenkins et al 
1968]. A small relative risk of current smoking has been 
generally found among the elderly. In a report from the 
Framingham study [Gordon et al 1974], 1,498 current cigarette
smokers at entry were included, the smoking status was updated 
every two years, and those who were found with evidence of IHD 
at each re-examination were excluded. The incidence rates of IHD 
among those who later stopped smoking relative to those who 
continued to smoke were 35%, 36% and 116% for men aged 45-54, 55- 
64 and 65-74 respectively. Recently, Seltzer [1975] summarised 
four follow-up studies and drew a conclusion that among the 
elderly the risk of IHD is essentially the same whether they 
continued or stopped smoking. The reduction in IHD risk after 
stopping smoking can therefore not be expected to be substantial 
in the elderly.

Cigarettes/day Similarly, heavy smokers who are at greater 
risk of IHD than light smokers may bear a higher risk after 
stopping smoking. Among 358,534 male volunteer workers of 
American Cancer Society, the relative risk of IHD was 1.90 among 
those who currently smoked 1-19 cigarettes/day, and 2.55 among 
those who smoked 20 or more cigarettes/day. The corresponding 
risk among ex-smokers was 1.16 and 1.28 respectively [Hammond & 
Garfinkel 1969].
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Follow-up years As the length of follow-up increases, the
excess risk among ex-smokers would be getting too small to be 
identifiable due to increasing age and increasing years-since- 
quitting. As discussed above, the relative risk due to smoking 
becomes smaller as age increases. More importantly, if the 
effect of smoking is rapidly reversible after stopping smoking, 
the excess risk would be even smaller after 15-20 years of 
observation (years-since-quitting would be some 15-20 years more 
than that at the end of follow-up). In fact, some studies are 
based on 15 or more years of follow-up [Reid et al 1976, Doll & 
Peto 1976, Rogot et al 1980, Jajich et al 1987, Carstensen et al 
1987, Pekkanen et al 1989]. Except for the Whitehall study [Reid 
et al 1976], all of them have observed an excess risk among ex
smokers, though small. Pekkanen et al [1989] conducted a 25- 
year study of 1,520 Finish men aged 40-59 and free of clinically 
evident ischaemic heart disease. Adjusting for changes in 
smoking habits, systolic blood pressure and serum total 
cholesterol, the overall risk among ex-smokers was 30% greater 
than never-smokers, although it tended to become smaller with the 
length of follow-up. These findings may add some weight to the 
assumption that the excess risk of cigarette smoking is rather 
chronic and persistent than acute and immediately reversible as 
some studies have suggested [Doyle et al 1964, Gordon et al 
1974] .

2.2.6 Years-since-quitting

The overall excess risk among ex-smokers does not provide 
clear information on the time required or the general pattern 
taken for the risk to return to normality. Understandably, ex
smokers defined at entry into these studies had on average given 
up smoking for many years. For example, the years-since-quitting 
were 12, 7 and 12 years respectively for Doll, Hammond and Kahn's 
men [Seltzer 1975]. Clearly, the more informative approach 
should divide the ex-smokers according to the years since they 
gave up. The number of the studies which have actually addressed 
the issue in this manner are however limited.
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Four such studies [Hammond et al 1969, Doll & Peto 1976, 
Rogot et al 1980, Jajich et al 1984] have been identified and are 
summarised in Table 2-ld and Figure 2-1. The relative risk of 
ex-cigarette smoking in these studies was 1.16-1.28 (light-heavy 
smokers), 1.29, 1.16 and 1.11 respectively. It varied
considerably with the years-since-quitting, with the highest 
among those who had given up most recently and lowest among those 
who had given up the longest time ago. In particular, a 
considerable reduction in the risk was observed within some five 
years since giving up. From 6 to 15-20 years of quitting, the 
risk went down very slowly. Only after 20 years of stopping no 
clear excess risk could be observed, but the data were limited.

To illustrate; 293,958 U.S. veterans (almost all being white 
and male) aged 31-84 were followed up for 16 years from 1954- 
1970. Three main reports based on 2.5, 8.5 and 16 year mortality 
observations have been published [Dorn 1959, Kahn 1966, Rogot et 
al 1980]. The 8.5-year report excluded those who had given up 
due to doctor's order and stratified the ex-smokers by number of 
cigarettes smoked per day, age at entry and age of beginning 
smoking [Kahn 1966]. It concluded that 'these data do not 
support the hypothesis that the coronary disease risk for ex
smokers reverts to the non-smokers level within a short time 
after discontinuance'. This was confirmed by the extended 16- 
years follow-up [Rogot et al 1980]. Those who had given up 
smoking for less than five years showed a 32% excess risk 
compared to never-smokers, which represented a 45% reduction 
compared to the excess risk if they had continued to smoke. A 
further 45% reduction was observed in the following 15 years of 
quitting. Even among those who had given up for more than 20 
years, there still remained a 5% excess risk, being 9% of the 
excess risk associated with current smoking.

There seemed to be different declining rates of the relative 
risk towards never-smokers with years-since-quitting, supporting 
the co-existence of both chronic and acute effects of smoking.
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A substantial (some 50% of total excess risk due to current 
smoking) reduction in the risk was generally observed within 5 
years of quitting, and the relative risk rapidly converged with 
years-since-quitting regardless of the differences in age at 
entry or the number of cigarettes smoked daily. This suggests 
that some of the effect of smoking may disappear shortly after 
giving up. While a similar reduction in the risk appeared to 
occur in another 10-15 years thereafter, suggesting a chronic 
effect of smoking.

2.2.7 IHD risk in pipe/cigars smokers

Nine studies with data on the effect of pipe/cigar smoking 
are summarised in Table 2-le. The issue of pipe/cigar smoking 
seems more complicated than the Surgeon General's conclusion that 
pipe and cigar smokers were at only minor increased risk compared 
to cigarette smokers [Surgeon General 1983]. In fact, current 
pipe/cigar smokers can be further divided into primary P/C 
smokers, those who have never smoked cigarettes, and secondary 
P/C smokers, those who previously smoked cigarettes.
Unfortunately only the British Doctor study separated the primary
from secondary P/C smokers.

In P/C smokers mixed primary P/C smokers with secondary P/C 
smokers, a marginal excess risk was observed. Carstensen et al 
[1989] reported the results from a 16-year observation of 25,000 
Swedish men aged 18-69, with an emphasis on pipe smoking. 
Excluding those who had changed their smoking habits during the 
follow-up, 6,800 current pipe-only smokers (a mixture of primary 
and secondary pipe smokers) was at a relative risk of 1.36 which 
was similar to the 1.48 in current cigarette smokers. The 1,200 
cigar-only smokers (a mixture of primary and secondary cigar 
smokers) showed a risk 16% greater than never-smokers. The 
British Doctor study [Doll & Peto 1976] reported an excess risk 
of 27% among those who currently smoked P/C regardless of their 
past smoking habits. Another British study confirmed the
observations, recording a relative risk of 1.34 [Reid et al
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1976] .

Greater risks of P/C smoking have also been documented, but 
they may have been over-estimated. Jajich et al [1984] reported 
that mixed (primary & secondary) P/C smokers aged 65-74 had a 
relative risk of 1.67 (p<0.01). However, this may partly
explained by the disproportionate number of women among never- 
smokers, 79% compared to 6% among P/C smokers. Gyntelberg et al 
[1981] observed 5,249 Copenhagen men aged from 40-59 for 5-7 
years and found that cigar only smoking carried a risk which was 
even greater than current cigarette smoking. The risks of fatal 
and non-fatal IHD relative to never-smokers were 2.1 in cigarette 
smokers, 2.4 in cigar smokers, 2.8 in cheroot smokers (small 
cigars with open ends) and 1.5 in pipe smokers. The risks for 
all categories were statistically significant (P<0.001). Again, 
there was a difficulty in interpreting the results. The four 
smoking categories were not mutually exclusive. For example, the 
1,028 cheroot smokers had included 112 cigarette smokers and may 
also have included many former heavy cigarette smokers as the 
author suggested.

Since it is known that cigarette smokers tend to continue 
their inhalation habits after switching to smoking P/C, while 
most primary P/C smokers do not inhale, more readily 
interpretable results should come from studies which separate 
primary and secondary smokers. For primary P/C smoking, out of 
8 comparisons from five studies, two showed marginal and six 
showed no excess risk of IHD compared to never-smokers (Table 2- 
le) . The one which showed primary P/C smoking carrying an 
increased risk of IHD was based on only 9 events among never- 
smokers [Jenkins et al 1968]. We could find only one study which 
provided information on secondary P/C smokers, the British Doctor 
study. The relative risk for secondary P/C smokers aged under 
65 was 1.27 compared to 1.68 in current smokers.

These findings support a conclusion that primary P/C smokers 
carry little or no excess risk compared to never-smokers, while
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secondary P/C smokers are at a moderately elevated risk.

In contrast to a 2-fold excess risk among current cigarette 
smokers, is the absence of the association among primary P/C 
smokers of importance? In other words, would this carry any 
negative information for the causal relationship of smoking to 
the risk of IHD [Seltzer 1968]? One explanation is the 
differences in their inhaling habits. Primary P/C smokers do 
not tend to inhale while secondary P/C smokers appear to retain 
their inhalation habits even after switching to other types of 
smoking [Dawber 1976, Tuner et al 1986]. It has been noted that 
those who inhale cigarette smoke tend to have greater risk than 
those who do not [Doll & peto 1976, Reid et al 1976]. It is also 
likely that the effect of secondary P/C smoking is partly 
attributable to the persistent effect of past cigarette smoking.

2.2.8 Summary

Follow-up studies have in general confirmed the smoking-IHD 
association. Cessation of smoking reduces the risk of IHD. This 
reduction is independent of other major risk factors such as age, 
blood pressure and serum total cholesterol. It cannot be 
explained by selective giving up smoking due to development of 
a heart attack or to changes in smoking habits or other risk 
factors during the follow-up. The reduction appears to be fairly 
rapid within the first few years of giving-up, and it becomes 
very gradual thereafter. The excess risk which remains after 
quitting is more likely to be observed among those who would be 
at a greater risk if they continued to smoke such as young-middle 
aged heavy smokers. In accordance with the experimental 
evidence, the pattern which the excess risk due to smoking takes 
to reverse to normality suggested the co-existence of acute and 
chronic effects of smoking. In contrast to cigarette smoking, 
primary P/C smoking may carry little or no excess risk of IHD. 
The observed moderately elevated risk among secondary P/C smokers 
still requires explanation.
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2.3 Case-control studies

2.3.1 Introduction

Several case-control studies have been conducted recently, 
particularly amongst younger male or amongst female subjects. In 
general, the cases are hospital inpatients with myocardial 
infarction, mostly primary and non-fatal. The controls have 
never had the disease but have been hospitalized for other 
diseases believed to be unrelated to cigarette smoking. The 
relative odds are calculated by comparing the cases and controls 
with respect to their past smoking habits.

One apparent advantage of case-control study over 
prospective study is believed to be in the classification of 
subjects according to smoking status. Because of relapse among 
ex-smokers, prospective studies that measure smoking status only 
at entry to the study tend to over-estimate the length of time 
required for the risk to reverse to normality after quitting 
smoking.

However, case-control studies have many weaknesses. As 
always, the main problem is in obtaining suitable controls. In 
particular, smoking is related to many different conditions so 
selection bias can be easily induced. In addition, the relation 
of smoking to risk of IHD is well known and many smokers 
acknowledge that smoking entails the risk of IHD. As a result, 
men developing ischaemic heart disease will be more likely to 
give up or reduce cigarette consumption and cases who are 
currently smokers are more likely than controls to report falsely 
that they have stopped smoking. These behaviours would result 
in over-estimation of IHD risk for ex-smokers.

Other problems may also arise. It is difficult to control 
for confounding factors such as blood pressure and serum total 
cholesterol since these will be measured after the myocardial
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infarction in cases and may not be comparable to the measurements 
made on controls. It is difficult to include fatal cases since 
a reliable smoking history is difficult to obtain. Therefore, 
nearly all case-control studies are of non-fatal events only. 
Large case-control studies have considerable power, but small 
observed relative risks may easily be due to bias.

2.3.2 An example of a case-control study

'The risk of myocardial infarction after quitting smoking 
in men under 55 years of age' by Rosenberg et al [1985a].

This study of 1,873 men surviving their first MI and 2,775 
controls was designed to assess the beneficial effect of stopping 
smoking on the risk of non-fatal myocardial infarction in men 
under age of 55. The cases were men aged 20-54 (median age 46) 
who were admitted to hospital for a first myocardial infarction 
and were free of any evidence of a heart disease. The controls 
were men aged from 20-54 (median age was 42) who were hospital 
inpatients with different conditions judged to be unrelated to 
cigarette smoking and were free of any pre-existing heart 
disease. Current smokers was defined as 'persons who had smoked 
in the previous year', and ex-smokers 'those who had last smoked 
at least one year previously'. The proportions of ex-smokers 
were very similar across the different conditions of the control 
group, ranging from 26 to 29%.

The age-adjusted relative odds in current smokers was 2.9 
(95% confidence limits 2.4-3.4) compared to those who had never 
smoked. Although the excess risk in ex-smokers was marginally 
above unity (1.1 with 95% confidence limits 0.9-1.4), it varied 
markedly with years-since-quitting, with the highest risk found 
in those who had given up smoking most recently. Thus, for those 
who had stopped smoking for less than two years the risk was 
double that of never-smokers (not tabulated in Table 2-2). For 
those who had stopped smoking two or more years the risk appeared 
to be only slightly elevated if at all.
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2.3.3 General findings

Cigarette smoking Eight major case-control studies conducted 
since 1983 are summarised in Table 2-2. The relative risks with 
years-since-quitting were given if available. In general, case- 
control studies have confirmed the smoking-IHD association 
observed by follow-up studies both among men [Alderson et al 
1985, Rosenberg et al 1985a, Kaufman et al 1987] and among women 
[Alderson et al 1985, Rosenberg et al 1985b, Gramenzi et al 1989, 
Croft & Hannaford 1989, Thompson et al 1989, Rosenberg et al 
1990]. Current smoking increases the risk of IHD by 1-2 fold and 
the effect is augmented if more cigarettes are consumed 
[Rosenberg et al 1985a, Rosenberg et al 1985b and Croft et al 
1989, Gramenzi et al 1989]. Young-middle aged people tended to 
be at a greater relative risk than those of older decades 
[Rosenberg et al 1985b, Gramenzi et al 1989]. No relationship 
between smoking-years and the risk of IHD was observed [Rosenberg 
et al 1985a, Rosenberg et al 1990]. Cessation of smoking reduces 
the risk [Alderson et al 1985, Rosenberg et al 1985a, Rosenberg 
et al 1985b, Gramenzi et al 1989, Croft et al 1989, Thompson et 
al 1989, Rosenberg et al 1990]. However, the results from case- 
control studies are generally less consistent than those from 
follow-up studies.

Blood pressure and serum total cholesterol The other two major 
risk factors, blood pressure and serum total cholesterol 
concentration, have been addressed by some studies in relation 
to the smoking-IHD link. In accordance with most follow-up 
studies, Rosenberg et al [1985b] found female current smokers who 
reported a diagnosis of hypertension were at a relative risk of 
4.0 compared to 8.0 among those who did not; And those who were 
recorded with a higher serum total cholesterol level showed a 
relative risk of 14 compared to 4.7 among those who were recorded 
with lower serum total cholesterol. Gramenzi et al [1989] 
confirmed a similar pattern among young female ex-smokers, but 
not among current smokers. In contrast, Croft et al [1989]



CHAPTER 2; STOPPING SMOKING & THE RISK OF IHD: A REVIEW page 4 3
reported a higher relative risk among those reporting 
hypertension than those who did not, although the author claimed 
that there was little interaction between blood pressure and 
smoking.

Pipe/cigar smoking: Alderson et al [1985] claimed that
secondary P/C smoking seemed to carry an increased risk while 
primary P/C smoking did not. But Kaufman et al [1987] reported 
both primary and light secondary P/C smokers had a moderate (0.5 
-1 fold) increase in risk and only secondary P/C smokers who 
smoked more than 5 cigars/day were at the highest risk (RR=4).

2.3.4 Years-since-guitting

In spite of a marginal excess risk among ex-smokers as a 
whole, considerable variations were found with the years-since- 
quitting with the highest among those who had given up most 
recently (Table 2-2). Rosenberg et al [1985a] found that age- 
adjusted relative odds was 1.1 among male ex-smokers as a whole 
and 2.0 among those who had given up less than one year, compared 
to 2 .9 among current smokers. For those who on average had given 
up for 1-5, 6-9, 10-14, 15-19, >20 years the relative odds was 
1.2, 1.4, 1.0, 1.3 and 0.8 respectively. Thompson et al [1989] 
reported relative risks of 1.9, 1.6, 1.2, 1.0, 0.8 respectively 
for those who had given up for 1-2, 3-5, 6-10, 11-15 and 15
years. Alderson et al [1985] found the excess risk was more 
likely to be found among young-middle aged people than those of 
older decades. Rosenberg et al [1990] conducted a similar study 
among women, but found the risk was no greater than in never- 
smokers after two years of giving up. In this study, the 
adjustment for blood pressure, serum total cholesterol and other 
risk factors may be inappropriate, because they might have been 
changed by the MI itself. A general tendency observed from these 
four studies was that it took up to ten years of quitting for the 
risk to return to normality (Figure 2-2). These are largely in 
keeping with the follow-up studies: the decline of the excess 
risk of IHD was gradual.
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2.3.5 Summary

Case-control studies in general have confirmed the findings 
from follow-up studies. Regarding the cessation of cigarette 
smoking, case-controls studies seemed to suggest a slightly more 
rapid reduction in IHD risk after quitting smoking than follow- 
up studies. Even so, it still took up to ten years for the risk 
to return to levels seen in never-smokers.

2.4 Ecological studies

Introduction In an ecological study, the unit of observation 
is not an individual person, but a group of individuals, such as 
a country or a town. The disease rates can only be related to 
the average levels of exposure. The 'ecological' measurements 
on disease and exposure are usually not standardised and are less 
reliable, and ecological studies are therefore particularly 
susceptible to confounding and bias [Greenland & Morgenstern 
1990]. Moreover, information on confounding variables and other 
co-variates which may produce ecological bias is usually not 
available. If obtainable, the adjustment for differences in the 
average levels of these variables between comparison groups does 
not necessarily remove bias, and may even worsen it. 
Insufficient control for confounding coupled with inadequate 
data, particularly on risk factors, makes the interpretation of 
results from ecological studies extremely difficult.

Noticeably, most studies are base on IHD mortality data only 
[Doll & Peto 1976, Enstrom 1983, Epstein 1983, Epstein 1989, Lee 
1979]. This cannot distinguish whether the decline stems from 
decline in incidence or from improvement in case-fatality. 
Another difficulty is to collect reliable data on the IHD risk 
factors which are generally not available for whole communities. 
Substitutes on national aggregate level have to be used, but they 
are less relevant.
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The most interesting ecological studies have examined trend 
in mortality over time in specific occupational groups (doctors) 
compared to trend in the general population (references). This 
is of interest since doctors in the US and UK are known to have 
dramatically reduced their smoking intensity relative to the 
general population. However, the attribution of any decline in 
standardised mortality ratios amongst doctors is dependent upon 
assuming that there have been no relative changes in other 
important risk factors. The limitations in the ecological 
studies concerning causation of the declines in IHD mortality 
have been fully discussed elsewhere [Gillum et al 1982].

Main findings Attempts have been made to relate the ischaemic 
disease (IHD) mortality trends during last 10-25 years to secular 
changes of lifestyle among over twenty countries [Epstein 1989]. 
Univariate analyses revealed that countries with (major or 
moderate) declines in IHD mortality all showed a reduction in 
prevalence of smoking among men. No sufficient data on smoking 
trends in countries with rising IHD mortality were available to 
draw any conclusion. However, the magnitude of the declines in 
IHD mortality was not associated with similar declines of smoking 
prevalence. Furthermore, the generally claimed declines in IHD 
mortality in most countries in women seems unexplained by the 
women's unchanged or slightly increased prevalence of smoking. 
These results suggest the increase in smoking cessation may have 
contributed to the declines in IHD mortality in the countries in 
which they have occurred, but only in small part.

However, results from such international comparisons may 
be explained by the operation of other risk factors which were 
not considered in the study, or by the differences in the way 
the data were collected. Studies which are based on observations 
of well defined cohorts for which data are collected in a 
comparable way and which compared SMRs over time may improve the 
validity of the comparisons.
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An early study of this kind may be the one conducted among 

a British Doctor cohort by Doll and Peto [1976]. From 1951 to 
1972, a large reduction in cigarette smoking was observed in the 
doctors, while other British men of the same age continued to 
smoke. Men of social class I were used as the comparison group 
to calculate the standardised mortality ratios. During the same 
period, a statistically significant decline in the standardised 
mortality ratios of IHD and myocardial degeneration with time was 
observed among the doctors aged under 75.

Similarly, Enstrom [1983] and co-workers followed 10,130 
California physicians aged 25 years or over for thirty years 
from 1959 to 1979. The proportion of California physicians who 
currently smoked cigarettes had declined dramatically from about 
53% in 1950 to about 10% in 1980, compared to from 53% to 38% in 
other American men, on whose contemporaneous death rates the 
standardised mortality ratios were computed. They found a 
decline in the corresponding SMR of IHD from 115 in 1955-1954 to 
69 in 1975-1979.

Since the constant divergence in other risk factors between 
the index and reference groups are usually not fully confirmed, 
it is therefore argued that the decline in the SMRs in the index 
group may be attributed to the secular trend of the differences 
in other major risk factors between the two groups [Lee 1979]. 
Lee [1979] conducted an analysis using the same cohort as Doll 
and Peto, and made two comparisons: One compared the IHD SMRs
(in reference to men of the same age in social class I and II) 
among the doctors between the period of 1949-53 and 197 0-72 after 
the doctors began to stop smoking and the other between the 
period 1930-32 with 1949-53 before the doctors began to stop 
smoking. A similar reduction in IHD SMRs was observed in both 
periods. It was concluded that the decline was unlikely to have 
been contributable to changes in smoking habits.

Summary The ecological evidence for a decline of the risk of 
IHD attributable to the reduction of cigarette consumption has
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neither been consistent nor conclusive.

2.5 Post-myocardial infarction studies

The findings that the risk of IHD is substantially lowered 
after cessation of smoking has led to a number of studies aimed 
at evaluating the beneficial effect of smoking cessation amongst 
those who have already had a heart attack [Wilhelmsson et al 
1975, Daly et al 1983, Vlietstra et al 1986, Hermanson et al
1988]. These are here called post-myocardial infarction (post- 
MI) studies, a type of prospective study. In contrast, they 
start off with identifying a group of patients surviving a 
myocardial infarction, and then follow them over time for the 
occurrence of re-infarction or coronary death. The primary 
comparisons are between quitters, the current smokers who quit 
smoking and, persisters, who continue to smoke over the follow- 
up. It is noteworthy that these are not randomised control 
trials of stopping smoking after myocardial infarction. This 
would raise the question of the comparability of quitters with 
persisters. Obviously, secondary prevention is the main concern 
of the post-MI studies. Although they may be important in 
suggesting the mechanism by which smoking increases the risk of 
a heart attack, the results can not be generalised to subjects 
who have not had a myocardial infarction.

Wilhelmsson et al [1975] observed 528 male survivors of 
first myocardial infarction under the age of 67 years for two 
years. 231 of 437 smokers had stopped smoking within three 
months after the primary infarction and 174 continued to smoke. 
The quitters and persisters were similar as to the risk factors 
other than smoking and the severity of the first infarction. The 
treatment of patients after discharge form hospital was 
completely standardised. It was found that quitters experienced 
a risk of a reinfarction and cardiovascular deaths which was only 
half that for persistent smokers. This reduction in the risk of 
IHD after cessation of smoking is consistently confirmed by
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several other short-term (within 7 years) studies [Mulcahy et 
al 1975, Wilhelmsson et al 1975, Mulcahy et al 1977, Sparrow et 
al 1978, Pohjola et al 1979, Salonen 1980, Vlietstra et al 1982].

Although a substantial reduction in the risk of IHD has 
generally been observed almost immediately after quitting, it 
is doubted that the quitters do not further carry any excess risk 
within such a short period of time after stopping smoking. It 
will be interesting to see whether ex-smokers continue to reduce 
their coronary risk after many years since stopping smoking. In 
a further paper from Wilhelmsson's group, Aberg et al [1983] 
reported increasing differences in the risk of reinfarction over 
an eight year period among 1,306 male patients. In a 13-year 
observation of 374 male smokers aged under 60 whose subsequent 
smoking status were measured at two years after infarction, Daly 
et al [1983] reported that the risk of developing a heart attack 
among persisters relative to quitters in the second (7-13 years) 
period of follow-up was greater than the first period (0-6 
years). These results suggest the continuance of benefit after 
6 years of stopping smoking. It is noteworthy that as always the 
persisters/quitters classification was made on the immediate 
post-MI period and not updated thereafter, suggesting changes in 
smoking habits over the follow-up may underestimate the 
difference between the two groups.

It has been noticed that in almost all the post-MI studies 
never-smokers, an important reference group in follow-up studies, 
are not included. Never-smokers who have had a heart attack are 
an impropriate reference group with whom to compare quitters, 
since those who have not smoked must, on average, have had risk 
factors other than smoking which increased the risk of myocardial 
infarction [Wilhelmsson et al 1975, Daly et al 1983, Robinson et 
al 1989]. Further, MI ascribable to risk factors other than 
smoking may have a different prognosis from smoking-induced MI. 
In fact, never-smokers have been generally found to have poorer 
prognostic characteristics than smokers who stopped after 
infarction [Wilhelmsson et al 1975, Sparrow et al 1978, Pohjola
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et al 1979, Daly et al 1983].

In summary, all post-MI patients were at raised risk, 
including never-smokers. However, those who stop smoking after 
an myocardial infarction rapidly reduce their risk compared to 
those who continue to smoke and the benefit of stopping continues 
to increase even after 7 years.

2.6 Intervention trials

Given the proneness of observational studies to bias and 
confounding and the lack of relevance of the post-MI studies in 
terms of etiology, great expectation has been pinned on 
intervention trials. Most studies of this kind aimed to 
intervene on more than one risk factor.

In the Multiple Risk Factor Intervention Trial (MRFIT)
[MRFIT Research Group 1982, Kannel et al 1986, Ockene et al
1990], 12,866 men aged 35-57, at increased risk of death from IHD 
in terms of cigarette smoking, blood pressure or serum total 
cholesterol and free of clinical evidence of IHD were randomly 
assigned too to a special intervention program (SI) or usual 
sources of health care (UC). The two randomized groups were 
initially well balanced on numerous relevant characteristics. 
The intervention program exerted on SI subjects are aimed at: a) 
reducing blood pressure via a 'step-care' protocol for drug 
treatment; b) lowering serum cholesterol level by diet advice; 
and c) stopping cigarette smoking. All participants were 
followed for a minimum of six years, with an average of seven 
years.

Significant differences in blood pressure and serum total 
cholesterol were observed between the SI and UC groups at each 
annual visit, and the anti-smoking program was particularly 
successful. At the time of randomization, 59% of all these men 
reported being current cigarette smokers. 39% of SI men and 5.7%
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of UC smokers had stopped smoking at one year of intervention; 
45.5% and 22.7% at six years. The main results showed that
mortality from IHD in SI group was 7% less than UC group.
Mortality from all causes was, however, 2.1% greater in the SI 
group. Neither of the differences was statistically significant.

These findings are generally in agreement with many other 
multiple risk factor intervention trials [Rose et al 1980, 
Hjermann et al 1981, Leren et al 1983, WHO Collaborative Group 
1986, Wilhelmsen et al 1986]. In terms of overall death rate, 
the intervention had little effect. It is suspected that the 
beneficial effects may have been offset by some adverse effects 
of the intervention manoeuvre. As to the risk of IHD, the 
reduction in the risk of IHD in the intervention groups were
generally of small magnitude if any and not statistically
significant since most studies failed to achieve substantial 
differences in the risk factors between SI and UC groups.

Ascribing any reductions in risk to changes in cigarette 
smoking raises particular problems since it is difficult to 
distinguish the effect of anti-smoking from those of other 
interventions. Further, since a multiple intervention trial 
cannot avoid the presence of non-smokers in both SI and UC 
groups, the effect of anti-smoking alone if any will inevitably 
be diluted. It is also unavoidable that some smokers in the UC 
group give up smoking and some smokers in the SI group continue 
to smoke. These may render the difference in prevalence of 
smoking between the two groups too small to show any substantial 
effect on the risk of IHD.

To overcome the difficulty, studies where smoking is the 
only intervention are required. Unfortunately, only one such 
study was found, the Whitehall Randomized Intervention Trial 
(WRIT) [Rose & Hamilton 1978, Rose et al 1982]. 1,445 male
smokers aged 40-59 at high risk of cardiorespiratory disease were 
allocated randomly to the intervention group (714 men) and the 
'normal care' group (731 men) and were followed for 10 years for
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their mortality experience. Over the ten years the reduction in 
cigarette consumption for intervention men averaged 7.6 
cigarettes per day compared with the control level. The life- 
table probabilities of death for intervention men showed a 
proportionate reduction of 2%, 18% and 23% for all causes, IHD 
and lung cancer respectively, compared with normal-care men. 
Although these differences were not statistically significant, 
it was concluded that stopping smoking 'appears to reduce the 
risks of death from lung cancer and coronary heart disease'. It 
is noteworthy that there is still the problem that some smokers 
in UC group give up smoking and some smokers in SI group continue 
to smoke.

In summary, the small beneficial effects of giving up 
smoking in terms of risk of IHD are likely to be true and are 
almost certainly underestimated. The evidence from intervention 
trials is, however, not as influential as might be expected. 
Single-factor intervention is supposed to be more etiologically 
understandable and interpretable, studies are rarely
conducted. In view of the difficulty of achieving sufficient 
differences in cigarette smoking between SI and UC groups, the 
randomized intervention trials would not be expected to provide 
more impressive and conclusive conclusion on the issue at hand. 
In fact, they have provided little information on the time 
required for the risk of IHD to return to levels seen in never- 
smokers. From another point of view, the small benefit of 
stopping smoking may suggest that the reversibility of the risk 
of cigarette smoking to the smokers' s life have been 
overestimated and it may take a longer time to demonstrate a 
substantial benefit of stopping smoking than the duration of 
most trials [Rose & Hamilton 1978].

2.7 Summary

There seems no doubt that cessation of cigarette smoking 
reduces the risk of IHD. Follow-up studies, case-control studies
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and post-MI studies have all confirmed an early and substantial 
reduction of the risk of IHD in the first few years of quitting. 
Thereafter, the risk continued to fall but rather gradually and 
did not reach levels observed in never-smokers until at least 
some 10-15 years after quitting. Overall, it seems that 
cessation of smoking rapidly reduces the risk of IHD among both 
the general population and those who have had a heart attack, but 
it may take much longer than usually considered for the risk to 
return to levels found in never-smokers. Primary P/C smoking 
seems to carry no excess risk of IHD while cigarette smokers who 
switch to smoking P/C are likely to carry on their IHD risk. 
However, the information is sparse.



Q f t  (D o  n> jd a  o  o7 3  rrx a ®  o ro ft o h- < M) g
I—■ CD P- P-PJ a  0)p ® fto 3 c p m
B P* ffl (D rt O ••

O rt 3  a  0) <
!» r t 3  ® i Q C '  O 'P ' i- i

p* r r  SK* 5 ̂ p *

p  a> s  p> 
(D f t  

£  PJ (D p- O (!) D O 
P P 3  
*  H-PJ -  
(D O (D pap , co m w 

O p- H
O Ph CD

Ph (D O 33
r t  a) CD

(D CD Pd

(D O 
CO t-h

p- r t  (0 3  
t-> p  a v <

p  *02. (D to

£ o

3  r\
r t  CD q , g- PJ

(0 >
r t  a

(Da ft n S- 01Q. r t  ro

» 3 £ *p> rt ^  < CD? S 0 *o « 5
r t  CD O iQ

pi o (D
3  2  P P '
a  3 to a

O i—i p . -
iQ ** CD 5 WC 2 FtcQ '
H* 2  <D
r t  to o. r t

2 * 0 Z o £ £ £CD 3 n P, < PfD rt h , &  £ (D 3
rt 3 3T °  M 3 <07  rt ® P n gO P 3 5 fu C mCD ̂  CD PJ m aPJ 3(D 3 ft (D ® O

p* o p* c a  x*?:3^o ^ p c h -7 r t P 3 , j ® ® 3
p-1 rt CT . p OiQ
p) 3T CD f t  o  a  P
r t t D r t p )  ,  p- a  O 
(0 CD P-«» 3  O C
P CD r t  3  iQ O t )

r t  C (0 CD r t  CD 
cQ C CD a  (I) PJ
p> a  p  p
<  v< O JD C CD(D •• Ph ft 3 I

<D 3:

CD
o 3 X f PH DC O PJ M O O 03 > (D

P H
H*

O (D (D
P> PC (Q

PJ P 03 PJ 3
<D € CD 1 P ft X G >
X* p- rt G O P- (!) O CD a> C
X* p-1 a> JD O (!) P-* 53 0 3 3 D rt to
p> M 3 i_i. 3 a cr O 53 a P 3 X* 03 O D7*
3 (D CO P- 3 3 (D vQ <D 0 a O P- (D PC 0
(D ri (D O O P> p O P- P-* 0 3 3 CO P-* P
3 ft 3 DT P 3 VQ ft a p-> 3 a CO ft 0)

*
P-* P-* P-* M P-» p* P-* P-* p-» p-1 M p-* P-* P-* M fl> (o
VO vo vD VO VO VO VO VO VO vo VO VO VO vo VO CD
00 00 CD CD 00 00 CD CD - j -J OV OV OV ov P
VO £> £> p-» P-* O cn cn VO CD ~J

PI g CD a a G a G G G G G G O G 2
P* • t. • • • (D • • • • • • CD • C
3 co (0 CD CD CD 3 CD * 5C CD CD CD 3 CD 3
P-* • a • • • 3 • « • • • CD • rt
P> > (D > > > fD > > > > a > P
3 • 3 • • • p • • • • CD • PC
a X*

cn CTi cr> OV cn av cn cn OV tn d CD
VD cn CO cn to o .£» vo P-* 00 p-* o CD VO (6 rt
1 I 1 l 1 1 » 1 I 1 1 1 1 1 1 P C cn

00 00 »J 00 «o >o <T> cn cn Ov cn h* a
£* ro vD o P-* >o OV O M cn to VO 0 PC

a

a 2
M to CO c c
M fO vO p-* CO cn -4 C7 i

P* VD cn to M vo cn Co CD to 00 CO 00
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Table 2-1b The relative risk of IHD and cigarette smoking:
summary of follow-up studies

1
Series

2
Author

3
Sex

4
Age

Ranae
5

Variable
stratified

6
Relative 

Ex-smokers
risk 1 
Current

A Doyle M 30-62 1.18 2.36
B Best M 30-90 ---- 1.60
C Jenkins M 39-49 3.21 3.07

50-59 1.33 1.86
D Hammond M 40-79

Cigarettes/day: <20 1.16 1.90
>20 1.28 2.55

E Gordon M 29-62 0.73 1.11
F Doll M >20 Total 1.292 1.62

Age: <65 ---- 2 .18
>65 ---- 1.36

G Reid M 40-64 0.99 1.6-1.83
H Rogot M 31-84 Total 1.16 1.68

Cigarettes/day: <10 0.82 1.25
10-20 1.02 1.75
21-39 1.03 2 .17

>40 1.27 2.45
I Gyntelberg M 40-59 --- 2 .1
J Friedman M+F 20-79 1.00 2.22

K B-Connor M 50-79 Age 50-64 ---- 0.8
65-79 ---- 1.3

L Jaj ich M+F 65-74 1.11 1.94
M Carstensen M 18-69 1.15 1.48
N Willett F 30-55 1.5 2.3-6.I3
0 Pekkanen M 40-59 1.31 2.024

Notes: 1) relative to never-smokers. 2) including ex-P/C smokers. 3) The
first figure is for light smokers and the second for heavy smokers. 4) Among 
those who smoked >10 cigarettes/day only.
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Table 2-1c The risk of IHD and smoking-years among current 
cigarette smokers only: summary of follow-up studies

1 2 3 4 Age 5 Variable 6. 1 Series Author Sex range stratified Relative risk by smoking-years

<10 10-19 20-29 >30
A Doyle^ M 30-62 -- -- 0.88 1.10 0.95

<5 5-9 10-14 15-19 20-29 30-39 >40
B D 3 Best M 30-90 --  1.4 1.7 1.8 1.7 1. 5 1.5 1.7

cigarettes/day <15 15-24 25-34 >35
H Kahn^ M 31-84 1-9 1.13 1.37 1.10 1.20

10-20 1.18 1.46 1.48 1.63
21-39 1.75 1.44 1.70 1.60

Notes: 1) relative to never smokers. 2) among those who smoked 20 or more 
cigarettes/day only and relative to local age-specific rates for smokers of 
20 cigarettes or more per day without regard to duration of smoking 3) events 
including other heart and circulatory diseases. 4) Rogot's study but based 
on 8.5-year follow-up.
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Table 2-1d The risk of IHD and years-since-quitting among 
ex-cigarette smokers only: summary of follow-up studies

1 2 
Series Author

3
Sex

4
Variable
stratified

5 Events 
in never 
smokers

61
Relative risk in ciaarette smokers onlv 
ex-smokers (vrs-since-ouittina) current

D Hammond M cigarettes > 20 10-19 5-9 1-4 <1
1-19 1841 1.08 0.96 1.26 1.22 1.62 1.90
>20 1841 1.05 1.25 1.16 1. 51 1.61 2 .55

F Doll M age >15 10-14 5-9 <5
30-54 32 1.3 1.4 1. 3 1.9 3.5
55-64 75 1.3 1.7 1.4 1.9 1.7

>65 182 1.1 1.2 1.3 1.0 1.3

H 2Rogot M 31-84 >20 15-19 10-14 5-9 <5
-- 1.05 1.20 1.28 1.38 1.32 1. 58

L Jaj ich M+F 65-74 >20 16-20 11-15 6-10i <5
87 0.94 1.39 1.39 1.07 1.94

Notes: 1) relative risk, relative to never-smokers. 2) Relative risks were
estimated from Figure 3 of Rogot's report, and estimated 1.05 and 1.58 are exactly 
the same as the figures given by the authors in the context.
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Figure 2-1 Review of prospective studies: 
years-since-quitting and the relative risk of IHD
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Figure 2-2 Review of case-control studies: 
years-s i nce-qu i tt i ng and the relative odds of I FID
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3.0 Abstract

1. The British Regional Heart Study is a prospective study of 
cardiovascular disease in 7,735 men aged 40-59 years randomly 
drawn from one general practice in each of 24 British towns. 
This chapter summarises the study design and the measurements of 
smoking, IHD and potential confounding variables.

2. The 7,735 men, 78% of eligible participants, went through 
the initial screening from 1978 to 1980. A questionnaire was 
administered to each man for information on smoking habits, 
socio-economic status and doctor diagnosis of a heart attack and 
some IHD/smoking related conditions. The evidence of IHD was 
examined at the initial screening via electrocardiography, chest 
pain questionnaire and recall of a doctor diagnosis of IHD. 
Important confounding factors such as blood pressure and serum 
total cholesterol were also measured.

3. At the initial screening, 5.5% of the men had evidence of 
definite myocardial infarction either on electrocardiograms only 
(1.7%), doctor diagnosis only (2.4%), or on both (1.4%). 
Evidence of IHD short of a definite myocardial infarction was 
seen in 19.6% of the men, half of which was identified by doctor 
diagnosis or by WHO chest pain questionnaire. All these men with 
evidence of IHD were included in the follow-up.

4. At the screening, 41.3% of the cohort currently smoked 
cigarettes, 27.3% were ex-smokers who used to smoke cigarettes 
and currently did not smoke any tobacco, and 7.9% were secondary 
pipe/cigar smokers, who used to smoke cigarettes and currently 
smoked pipe/cigar only.

5. After five years of follow-up, each man was sent a self
administered questionnaire for similar information to that at the 
initial screening. Valid information on smoking status at both 
examinations was available for 7,238 men.

6. As of 1st July 1988, 99% of the men had been successfully 
followed up for both mortality and cardiovascular morbidity for 
8 years. 487 major cases of IHD (heart attack) were identified, 
with 54% of the events being fatal within the 8-year follow-up.
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3.1 Summary of the British Regional Heart Study

The British Regional Heart Study was launched in 1978, by 
the Department of Clinical Epidemiology & General Practice, the 
Royal Free Hospital School of Medicine, London, as a major 
prospective study of cardiovascular disease in men aged 40-59 
randomly drawn from one general practice in each of 24 British 
towns. The key aim was to provide information on the prevalence 
and incidence of IHD, and on the geographic variation of IHD in 
British men. Further it aimed to assess the role of 
environmental, socioeconomic, and personal risk factors on the 
risk of IHD, and to relate the information to policies for 
prevention and control of IHD in Great Britain.

The study is in three phases. Phase I was an ecological 
study which examined the cardiovascular mortality for 254 British 
towns over the five-year period 1969-1973 in relation to risk 
factors, with special interest in the role of water quality. 
In Phase II, a comprehensive standardised cardiovascular 
examination was performed, between 1978 and 1980, on 7 7 35 men 
from 24 British towns representative of the wide distribution of 
cardiovascular mortality in Great Britain. Much information on 
their habits, their physical characteristics and their blood 
chemistry was elicited. The screening was intended to provide 
a clear background of the risk factors for each individual as 
well as the prevalence of IHD in these middle-aged men, and it 
was followed immediately by the prospective phase (Phase III), 
follow-up for the occurrence of a new IHD event.

At five years of follow-up (1983-1985), all the men who were 
still alive and living in Britain were sent a self-administered 
questionnaire which included questions about smoking habits. As

g-hof 1 July, 1988, all the men had been observed for at least 
eight years and 487 men had experienced a new major IHD event 
within their first 8-year follow-up. This thesis relates the 
risk for the development of a new IHD event to smoking status 
defined at the initial screening to investigate the effects of
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giving up smoking. The data on smoking habits at five years 
allow us to evaluate the possible bias due to changes in smoking 
and to examine which men were more likely to give up smoking. 
The sampling method, the initial screening, the follow-up 
procedure, the fifth-year questionnaire, some relevant findings 
and statistical concerns will be considered separately, with 
particular emphasis on IHD and tobacco smoking.

3.2 Selection of towns, general practices and men

Towns were chosen to present all major geographic regions, 
in England, Wales and Scotland and to reflect the geographic 
variations in mortality from cardiovascular disease. Criteria 
for selecting the towns have been described in detail elsewhere 
[Pocock et al 1980, Shaper et al 1981]. Briefly, the towns 
should be discrete entities, separated from major conurbations, 
with populations of 50,000-100,000 (1971 Census). Towns with 
an unusual population structure, with large, recent housing 
development, or with noticeable population movement were avoided. 
24 towns were selected and are shown in Figure 3-1.

One group general practice was selected from each of the 24 
towns. The criteria for the selection included its size 
(practice population over 7,500 with three or more principal 
general practitioners) and its representativeness in terms of the 
socioeconomic composition and characteristics of the town 
population.

Some 420 men aged 40-59 were randomly selected from the age- 
sex register of each practice, stratified into equal five-year 
age groups. The study was designed to contain only men aged 
between 40 and 59 at the time of screening. It was emphasized 
that no attempt should be made to exclude men with cardiovascular 
problems, though men whom the doctors considered were mentally 
or physically unable to participate were excluded. 10,578 men 
were invited for the initial screening. 630 turned out not to
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live at the address given, leaving 9,948 eligible men who were 
invited.

3.3 Representativeness of the study population

The representativeness of a study is traditionally 
considered to do with external validity or generalizability 
beyond the study population. What we may extrapolate from the 
observations in this thesis is the relationship of cigarette 
smoking, particularly former smoking experience, to the risk of 
IHD. Generalising beyond the BRHS men, the relevant factors are 
supposed to be those having influence on the relationship. These 
may include the risk of IHD, the exposure to cigarette smoke and 
other risk factors.

We can answer this question in two ways: examining the
enrolment of study subjects or comparing these factors with the 
external population. An appropriate random sample would be very 
likely to provide a representative sample of the target 
population. The 24 towns and general practices were however not 
selected at random, but IHD in Great Britain does not exhibit 
any clear rural/urban differential [Chilvers & Adelstein 1981]. 
In each town, the percentage of manual workers in the BRHS sample 
were well balanced with the national data of 1981 census. The 
men were selected from each general practice at random, but 22% 
of the eligible men did not respond to the invitation for 
screening. The 7.5-year follow-up showed that the non
participants had a significantly greater risk of death than 
participants during the first three years after the initial 
screening. Although prevalence of smoking and drinking was also 
likely to be higher in the non-participant group and consequently 
to lead to higher morbidity and mortality rates, the 
cardiovascular death rates over the 7.5 years were basically 
similar between the two groups [Walker & Shaper 1987]. It is 
unlikely that our analyses relating smoking to risk of IHD will 
be biased by non-participation. The BRHS smoking data are
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compared to the national data from the General Household Survey 
in Chapter 4.

3.4 The initial screening

3.4.1 Introduction

The initial screening (Phase II) was launched in January 
1978 and the last of the 7,735 men went through the examination 
in June 1980. 7,735, 78% of the 9,948 men invited to take part
in the study, went through the initial screening, and were then
followed up in Phase III. Men with any signs of IHD at the time 
of the initial screening were not excluded.

The initial screening, in particular, fulfilled two critical 
tasks for Phase III: measurements of risk factors of interest and 
potential confounders, and the background of IHD in these men. 
It consisted of three parts: a questionnaire, physiological
measurements and blood specimens. The questionnaire was 
administered by a nurse and details of personal and family
history, questions on chest pain, medical history and drug usage, 
and information on smoking, diet, alcohol and physical activity 
were collected. The physiological measurements included height, 
weight, lung function, blood pressure and electrocardiograms. 
Blood samples were taken for serum biochemical and haematological 
measurements including total cholesterol, high density
lipoprotein cholesterol, triglycerides and white cell counts. 
Serum cadmium concentrations were also determined.

3.4.2 Identification of IHD

Questionnaire IHD The evidence for IHD at the initial
screening was examined in three ways. A standardised set of 
questions on chest pain on exercise severe chest pain, adapted 
from Rose Cardiovascular Questionnaire [Rose et al 1982], divided 
the men exclusively into four Q(questionnaire)-IHD categories.
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Men reporting chest pain on exertion, regardless of other 
dimensions of the pain which would discriminate definite from 
possible angina, were considered as having angina [Cook et al 
1989]. Men who had experienced a severe chest pain lasting for 
half an hour or more located in the central or upper left chest 
were regarded as having had a possible myocardial infarction. 
Men having both angina and a possible MI were classified into a 
third group. The last group consist of men free of any Q-IHD. 
On occasions, the three types of Q-IHD are considered altogether 
as possible IHD.

Recall of doctor diagnosis of IHD (R-IHD^ The men were also 
asked whether they had ever been told by a doctor that they have, 
or have had, angina, a heart attack, a coronary thrombosis or a 
myocardial infarction (MI). Recall of doctor diagnosis of IHD 
may not be an ideal measure in terms of comparison, for it 
depends in a complex way on the men and on their practitioner. 
We assumed it would however be an important measure as a 
predictor of giving up smoking as well as of a future IHD.

ECG-IHD The third way to identify IHD was orthogonal three 
lead electrocardiograms (ECG). ECG evidence for an IHD 
exclusively classified the men into five ECG-IHD groups: no IHD, 
possible myocardial ischaemia, definite myocardial ischaemia, 
possible myocardial infarction and definite myocardial 
infarction.

Pre-existing IHD A comprehensive definition of IHD should
combine the evidence from all the three sources into a 
classification of pre-existing IHD. Pre-existing IHD groups are 
defined as: i) men with no evidence of IHD at the initial 
screening; ii) men with evidence of IHD short of a definite MI, 
which contains those with any evidence of Q-IHD, those recalling 
a doctor diagnosis of angina and those with a myocardial 
ischaemia or possible myocardial infarction on ECG; iii) men with 
evidence of definite IHD, amounting to a definite MI on ECG or 
a doctor diagnosis of heart attack. There were 1,515 possible



CHAPTER 3: THE BRITISH REGIONAL HEART STUDY page 68
IHD and 428 definite IHD at the initial screening. 5,767 men 
were free of any evidence of IHD.

Symptomatic IHD Symptomatic IHD groups are defined with a view 
to looking into the impact of the patients' awareness of the 
presence of IHD upon the changes in their smoking habits. Men 
with evidence of IHD on questionnaire or doctor diagnosis of an 
angina fall into the group of possible symptomatic IHD; Men with 
a doctor diagnosis of a heart attack constitute definite 
symptomatic IHD group. 868 possible and 291 definite symptomatic 
IHD were found at the initial screening.

Inter-relationship between different types of IHD Prevalence 
of IHD by various diagnostic methods is shown in Figure 3-2. 
Discrepancies in methods compared to these provided above were 
due to missing data. 1,934 (25.1%), of the 7,701 men whose
information by all the three diagnostic methods was available, 
had evidence for either a possible or a definite IHD. 5,767 were 
free from any evidence of the disease. Men with IHD diagnosed 
by a doctor or on chest pain questionnaire might be supposed more 
likely to stop smoking. It would therefore be interesting to 
know how many of the IHD events observed in this study have been 
recognised by doctor or by chest pain questionnaire. 68.2% of 
men with evidence for a definite IHD recalled being told by 
doctor that they had had a heart attack, and only 8.1% of men 
with evidence for a possible IHD did so. Of the 1,387 possible 
IHD events, 51.0% had a history of IHD-like chest pain or severe 
chest pain.

3.4.3 IHD/smokinq-related conditions

All men were also asked whether they had ever been told by 
a doctor that they had or had had any of a further 12 conditions. 
The same questions were repeated on the fifth-year questionnaire.

The response for the conditions which might be associated 
with smoking or IHD are shown in Table 3-1. It is notable that
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while the prevalence rate of most conditions is increased at five 
years when the men were older, the prevalence of 'other heart 
trouble', peptic ulcer and bronchitis fell.

3.4.4 Tobacco smoking

The information on smoking habits collected from the initial 
screening questionnaire allowed us to classify the men at 
screening into eight smoking groups. Never-smokers comprise 
individuals who did not currently smoke any tobacco and had never 
regularly smoked cigarettes. A small number of former pipe/cigar 
smokers are included in this group providing they never regularly 
smoked cigarettes. Ex-(cigarette) smokers comprise to
individuals who used to smoke cigarettes, but did not currently 
smoke tobacco in any form. Primary pipe/cigar (P/C) smokers are 
individuals who currently smoked a pipe or cigars and who had 
never smoked cigarettes regularly. Secondary pipe/cigar (P/C) 
smokers include individuals who used to smoke cigarettes and who 
currently smoked a pipe or cigars. Current (cigarette) smokers 
are individuals who currently smoked cigarettes, irrespective of 
whether they have ever smoked a pipe or cigars, and are usually 
divided on the basis of cigarettes smoked per day. The 
distribution of men across the eight smoking groups are:
1. never-smokers 1624
2. ex-smokers 2108
3. primary P/C smokers 195
4. secondary P/C smokers 607
5. current smokers 1-19/day 1188
6. current smokers 20/day 835
7. current smokers 21-39/day 846
8. current smokers >40/day 316

16 men could not be classified. The 195 primary P/C smokers are 
excluded in most analyses due to small number.

The exposure to tobacco smoking could be more accurately 
defined by considering the following additional smoking factors:
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For any smokers:
1. number of cigarettes = the number (amounts) of cigarettes ex- 
or current smokers usually smoked per day
2. age of starting = age when smokers started smoking regularly
3. smoking-years = age at the initial screening - (age of 
starting + longest period for which smokers had stopped smoking)

For ex-smokers only:
4. age of quitting = age when smokers stopped smoking
5. years-since-quitting = age at the initial screening - age of 
quitting.

How to deal with these additional smoking factors is a 
complex issue. It depends to a great extent on what we already 
know about the smoking-IHD link and what we are prepared to 
assume about what we do not know. Our main concern is to find 
out when the risk for IHD starts to decline after giving up 
smoking and the length of time required before the risk is 
reduced to that observed in never-smokers. We therefore divided 
ex-smokers by the years of giving up smoking. To obtain a 
similar number of men in each group, the ex-smokers are divided 
into four groups: 0-5 years, 6-10 years, 11-20 years and more 
than 20 years since stopping smoking. On some occasions, the 
number of cigarettes smoked by ex-smokers is also considered. 
They are simply separated into light smokers - those who smoked 
20 cigarettes per day or less, and heavy smokers - those who 
smoked more than twenty cigarettes per day. It should be 
remembered that the number of cigarettes smoked per day are not 
directly comparable between current and ex-smokers because the 
question was asked differently in the two groups. Current 
cigarette smokers were asked current cigarette consumption and 
ex-smokers about what they 'usually' used to smoke. It is also 
noteworthy that the effect of years-since-quitting may be 
complicated by the effect of smoking-years since they are 
supposed to have opposite effects and were highly inversely 
correlated (r = -0.76), unless we assume a transient effect of
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smoking, or a chronic one but with a short induction and latent 
time (eg. a few years). Under these assumptions, the smoking- 
years would have no effect many years after they have smoked.

3.4.5 Physiological measurements

Height, weight and body mass index Height was measured,
without shoes, rounding to the nearest millimetre with a
Harpenden Stadiometer with digital meter. Men, with trousers
and socks on, were weighed to the nearest 0.1 kg on an MPS110
field survey scale (beam balance). Information on height and
weight was available for 7,732 men and the distributions of the
two measurements were approximately normal, with height averaging
1.73 metres with a standard deviation of 0.07 metres and weight
76.6±11.1 (mean±SD) kg. Body mass index (BMI), or Quetelet's

2 2index, defined as weight/height (kg/m ) was used to summarise a 
man's physique. It is a useful index of obesity (Benn 1971).

Blood pressure Two successive measurements of blood pressure 
were taken, using the London School of Hygiene sphygmomanometer, 
with the subject seated and the arm supported at chest level. 
Diastolic blood pressure was recorded at disappearance of sounds 
(phase V) . The blood pressures used in this thesis are the 
average of the two readings with an adjustment for observer bias 
(Bruce 1982). Eight men have missing values for SBP and ten for 
DBP. SBP averaged 145.2 mmHg (SD=21.0), and DBP 82.2 mmHg 
(SD=13.3).

3.4.6 Biochemical and haematoloaic measurements

Non-fasting blood samples were drawn between 0830 and 1830 
from each of the men attending for interview. Serum was 
separated by spinning for 10 minutes and then kept at 4°C till 
examination. The vast majority of measurements were carried out 
by noon of the following day, in the Wofson Research 
Laboratories, Birmingham. Triglycerides estimations were 
performed at the Royal Free Hospital School of Medicine, London.
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The biochemical and haematological factors, considered to
be associated with smoking or IHD, include serum total
cholesterol (CHOL), high density lipoprotein cholesterol (HDL- 
C), triglycerides (TRIG), glucose, cadmium and white cell counts 
(WCC) . 45 men are missing due to failure to give blood or broken
tubes. CHOL, HDL and glucose were not measured in 45, 315 and 
45 men, respectively. In addition, triglycerides concentrations 
were not measured in the first six towns, so data were available 
for only 5,675 men. Triglycerides concentrations tend to 
increase during the day in non-fasting patients [Pocock et al 
1989], and therefore each subjects' value was adjusted for hour 
of day. 389 men have missing values on haematology and 816 on 
cadmium.

3.4.7 Age and social class

Men were sampled equally within each of the four age bands
and the structure of age at the initial screening in the BRHS,
which will be used as a standard population for direct 
standardisation of age in following chapters, is as follows:

Aae (years )_____ Number of men_____ Percentage

40-44 1838 24
45-49 1898 24
50-54 1974 26
55-59 2025 26

All men 7735 100

The slightly greater proportion of older men in the BRHS 
sample reflects the greater proportion of older subjects to 
responde to the initial screening. The study was restricted to 
men aged 40-59 years. This was to ensure that over a relative 
short period of time, enough IHD events would occur. Younger men 
and women were excluded because of their low risk. The
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influences due to high mortality from other diseases in older men 
would be minimised as well.

Social class is defined by the longest-held occupation of 
each man. Men were grouped into one of the six social classes 
using the occupation classification of the Office of Population 
Censuses and Surveys (OPSC, 1970) . Men who had been in the Armed 
Services for their longest-held occupation are considered as a 
separate group. 15 men were unable to be classified.
The distribution of social class was as follows:

Social class_____________________Number____ Percentage

I Professional 606 00r-

II Intermediate 1735 22.5
III Non-manual/clerical 720 9.3
III Manual, skilled 3326 43.1
IV Manual, semiskilled 784 10.2
V Manual, unskilled 318 4.1

Armed services 231 3.0

All men 7720 100.0

Both age and social class are associated with smoking habits 
and the risk of IHD, and they will be treated with particular 
concern.

3.5 All-cause mortality and cardiovascular morbidity

All 7,735 men were followed up for both morbidity and 
mortality from the day they were initially examined. In Great 
Britain, it is relatively straightforward to obtain information 
on deaths via the established system of 'tagging' used at the 
National Health Services Central Registers in Southport and 
Edinburgh. Information on morbidity relating to non-fatal



CHAPTER 3: THE BRITISH REGIONAL HEART STUDY page 74
cardiovascular events is not routinely available. The BRHS has 
exploited its base in general practice to set up a standardised 
network for reporting IHD morbidity [Walker & Shaper 1984], As 
of July 1st' 1988, through the system, 99% of 7,735 men who were 
still alive and lived in Britain have been successfully followed 
up for eight years. The risk analyses in this thesis will be 
restricted to 487 new events of IHD reported during the first 
eight-years follow-up.

A new IHD event is considered, in this thesis, as an 
occurrence of a major IHD event over the eight years, which falls 
into two categories: fatal and non-fatal cases. A fatal case 
was defined as any man whose death certificate recorded ischaemic 
heart disease (ICD 410-414) as the cause of death and for whom 
this was not contradicted by the medical history or postmortem. 
This included sudden death certified as due to IHD for which no 
other cause was apparent. A non-fatal case included any report 
of MI supported by at leat two of the following:

1) preceded by severe prolonged chest pain;
2) ECG evidence of MI;
3) cardiac enzyme changes associated with MI.

There would be some men who had an initial non-fatal IHD followed 
by a fatal event afterward within the 8-year period. The 
distribution of the three types of major IHD events was as 
follows:

Types of IHD_______ Number______ Percentage

Non-IHD 7247 93.7
Non-fatal IHD 262 3.4
Fatal IHD 173 2.2
Having both 53 0.7

All men 7735 100.0

In most analyses the three types of IHD events are combined.
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3.6 The fifth-year questionnaire

As in most prospective studies, the information on mortality 
and morbidity will be related to the measurements of the risk 
factors at the initial screening. This approach assumes that 
there were no changes in these risk factors. This is clearly not 
true in a large prospective study over a long period of time. 
Limited data on changes in smoking habits, chest pain, doctor 
diagnoses of relevant diseases and weight were collected by 
sending each man a self-administered questionnaire after five 
years of follow-up. By the end of the first five years after 
screening 280 had died (120 from IHD and 160 from other causes) 
and 36 were known to have emigrated. 7,419 were sent a postal 
questionnaire and 138 did not respond, so 7,281 replies (98% of 
those still alive and living in Britain) were received. 
Excluding 43 who did not answer the questions on smoking properly 
at entry or at five years, 7,238 had valid information on their 
smoking habits at both examinations (Figure 3-3).

Tobacco smoking Regardless of their smoking habits at entry, 
information obtained from the fifth-year questionnaire allowed 
us categorize the men into three groups: non-smoker, pipe/cigar 
smokers and current cigarette smokers. Non-smokers were those 
who did not currently smoke any tobacco at five years; 
Pipe/cigar smokers amounted to men who currently smoked 
pipe/cigars only at five years; Cigarette smokers were men who 
currently smoked cigarettes at five years and on occasion they 
are further divided into four groups according to the cigarettes 
smoked per day. The distribution of the different smoking groups 
at five years is provided in the following table.

Because of the brief format of the fifth-year questionnaire, 
separation of non-smokers into never-smokers and ex-smokers and 
of pipe/cigar smokers into primary and secondary is only possible 
by using the data collected at the initial screening.
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Smoking Habits___________ Number_______ Percentage

Non-smokers 4236 58.4
Pipe/cigar 690 9.5
Cigarette (No./day)

1-19 908 12.5
20 787 10.9
21-39 459 6.3
>40 173 2.4

All men 7253 100.0

Presence of an IHD Among other questions, recall of doctor 
diagnosed angina, heart attack and some diseases suspected of 
being related to IHD/smoking was asked in the questionnaire. The 
prevalence of these status are tabulated in Table 3-1. History 
of chest pain on exertion and severe chest pain were also 
obtained. This information will be related to changes in smoking 
habits to see who are more likely to give up smoking.

Changes in weight Many studies have documented that cigarette 
smokers have a low body mass index (BMI). It was therefore of 
considerable interest to examine changes in weight at five years 
in relation to changes in smoking habits. Men were asked for 
their self-estimated weight in the five years and whether their 
weight had changed since screening.

3.7 Main relevant findings from previous BRHS publications

Prevalence of IHD One in four of BRHS men had some evidence 
of IHD at the initial screening, with only 20% of those with 
evidence of IHD having recall of diagnosis by a doctor [Shaper 
et al 1984b, Shaper & Pocock 1987]. The prevalence of the 
disease varied between towns, from 17% to 39%, and the geographic
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inequalities were associated with differences in cigarette 
smoking and blood pressure levels but not with differences in 
serum total cholesterol levels [Shaper 1984a].

Risk factors Prospective analyses have confirmed that serum 
total cholesterol, cigarette smoking and blood pressure were the 
three most important risk factors for IHD in the BRHS men. Body 
mass index was no longer predictive of risk of IHD after 
allowance for the three main risk factors [Shaper & Pocock 1987]. 
Regarding the subfractions of serum cholesterol, total 
cholesterol is more important than high density lipoprotein 
cholesterol concentration while triglyceride concentrations do 
not have predictive importance once other risk factors have been 
taken into account [Pocock et al 1989].

Tobacco smoking and other risk factors Age, social class, BMI 
and town of residence showed independent effects on cigarette 
smoking habits [Cummins et al 1981]. The younger group had a 
higher proportion of current cigarette smokers but a smaller 
number of never-smokers. From social class I to social V there 
was a progressive increase in the prevalence of current cigarette 
smokers (20% to 54%), but a decrease in the proportion of men who 
had given up smoking. Similarly, a steady decline in proportion 
of never-smokers (43% to 17%) was observed. Pronounced 
geographic difference in the smoking habits was demonstrated 
(ranging from 11% to 39%). There was a strong inverse 
association between body weight and cigarette smoking 
[Wannamethee & Shaper 1989].

Tobacco smoking and the risk of IHD Based on an average of 6.2 
years of follow-up, current and ex-cigarette smokers showed a 
clearly increased risk for IHD, compared to never-smokers. The 
excess risk of IHD associated with smoking could not be explained 
by association with other coronary risk factors such as BMI, 
blood pressure or serum total cholesterol, or men with pre
existing IHD being more likely to give up. Furthermore, the risk 
of IHD increased with the number of smoking-years in both current
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and ex-smokers, but not with number of cigarettes smoked in 
current smokers. Though a trend of declining risk with 
increasing years-since-quitting was observed, its explanation was 
clouded by its high correlation with smoking-years [Cook et
al 1986].

As far as pre-existing IHD is concerned, after adjusting for 
age, cigarette smoking continued to make an important 
contribution to the risk in those free of any evidence of IHD and 
those with possible evidence of IHD. The association of smoking 
with risk of IHD is somewhat reduced in men with pre-existing 
possible or definite IHD, in terms of relative risk between 
smoking groups [Phillips et al 1988].

3.8 Statistical concerns

3.8.1 Outlier

No attempt is made to eliminate men with very high or very 
low values of relevant measurements, which may be considered as 
atypical of the population. The effect of unusual figures is 
unlikely to have an important influence on the overall estimates 
for such a large study population. No attempt was therefore made 
to exclude outliers for any of variables.

3.8.2 Adjustment for extraneous variables

Statistical Analysis System All the statistical analyses were 
conducted on Statistical Analysis System (SAS) on the main frame 
of the University of London Computing Centre.

Adjustment using direct standardisation In the cross-sectional 
analyses, the prevalence rates of the diseases are standardised 
for age by using the age structure (5-year age groups) of the 
7,735 men as standard population. In the direct standardisation,
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DSR = E Pi*̂ ii/Eni) where

DSR stands for directly standardised rate;
P± prevalent rate in ith age group of the compared groups;

number of individuals in ith age group of standard
population.

Adjustment using multiple regression When comparing the
continuous variables between smoking groups, the multiple linear 
regression is used to adjust for age. If not mentioned, age is 
adjusted at 50 years. Take blood pressure (BP), the estimated 
mean is calculated and compared using the general linear multiple 
regression model as follows:

BPe = a + /3age(AGE) + /3smk(SMK) where
BPe is estimated blood pressure
a intercept - in order for the intercept to correspond

to the overall mean blood pressure it would be necessary
to replace AGE by (AGE - mean AGE) 

j3age least-square coefficient for age
/3smk least-square coefficient for ith smoking group.

The adjusted mean blood pressure indicates the average blood 
pressure at age of 50 after linear association with age has been 
removed from blood pressure and smoking group.

In risk analyses, logistic regression models were fitted to 
adjust for age and other confounding factors. The estimated log- 
odds of a major IHD event are calculated using the maximum log- 
likelihood method from the odds equation:
In (odds) = In [?/(l-?)] = oc + /3gmk(SMK) + P1x1 + /32x2 ... + /3ixi 
where: ^ is estimated risk of developing a major IHD event

oc constant
f5 logistic regression coefficients - log-odds

SMK smoking as a binary variable
x. confounders.i.

Odds of a major IHD event to no event
e (oc + /3smk(SMK) + j3lxl + /32x2 ... + /3ixi)
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Odds ratio (OR) comparing smokers to never-smokers
_ [ oc + /3smk(SMK) + /31xl + /32x2 ... + /3ixi] , [ot + /31xl + /32x2 ... + /3ixi]
—  6 / 6
_ e a  + /3smk(SMK) + /31xl + /32x2 ... + /3ixi - [ a  + p lxl + /32x2 ... + /3ixi]
_ e/3smk

95% confidence limits on ln(OR) are /̂smjc - 1*96 * SE(jS). 
The corresponding 95% confidence limits on OR are e ^ sm^ “ 1*96
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Table 3-1 Number of Men (% ) with Doctor Diagnosed 
Diseases Suspected of Being Related to IHD or Smoking 

at Entry or Five Years

Recall of Doctor At____ entry At five years
Diagnosed diseases____________ No.______%____________ No.____ %

Angina 252 (3.3) 376 (4.9)
Myocardial infarction 408 (5.3) 500 (6.5)
'Other heart trouble' 528 (6.8) 194 (2.5)
Stroke 52 (0.7) 95 (1.2)
High blood pressure 990 (12.8) 1073 (13.9)
Diabetes mellitus 118 (1.5) 157 (2.0)
Peptic ulcer 838 (10.8) 400 (5.2)
Bronchitis 1394 (18.0) 1015 (13.1)
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Figure 3-1 Map of 24 Towns in the Regional Heart Study
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Notes: 34 men for whom information 
on any evidence for IHD is not 
avai table are excluded

Non- IHD 
5767 C74. 350

Definite IHD 
425 C5.5SIQ

Figure 3-2

Prevalence rates of IHD 
by Various Diagnostic Methods

Poss b I e IHD
1509 C19 IT) W
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Figure 3-3 Response Rates to the Fifth-Year Questionnaire

120 IHD 160 other 
causes

138 did not 
respond to 

the fifth-year
questlonna i re

39 had emigrated 7419 men were sent
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before the 5th-year

280 men had died
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the quest ions on 
smok i ng hab J ts 

proper Iy 
at Q1 or Q5

7238 men had 
valid information 
on smoking at both 
initial and fifth- 
year screening

Amongst the 7735 men, those who were sti I I a Iive and 
lived In Britain were sent a questionnaire at five years
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4.0 Abstract

1. The measurement of the exposure to tobacco smoke, ie the 
eight smoking groups defined at entry, was assessed with respect 
to additional smoking variables (ASV), to changes in smoking 
behaviour over the first five years of follow-up, and by using 
blood cadmium concentration.

2. Among ex-smokers, years-since-quitting is determined by age 
of starting smoking and smoking-years. In the BRHS data, years- 
since-quitting was not related to age of starting (r=-0.06) but 
was highly inversely correlated with smoking-years (r=-0 .7 5). 
Smoking-years is thus a potentially important confounder when 
examining the risks of IHD with years-since-quitting.

3. Changes in smoking habits at five years were evident,
particularly in current smokers. Thus, 29% of secondary P/C
smokers and 22% of cigarette smokers had stopped smoking at five 
years. Among cigarette smokers, light cigarette smokers were 
more likely to give up than heavy smokers (2 7% vs. 20%) and there 
were more cigarette smokers who reduced (21%) than those who 
increased (11%) their daily consumption of cigarettes.
Importantly, 2.4% of never-smokers and 6.5% of ex-smokers at
screening claimed to smoke cigarettes or pipe/cigars at five 
years, suggesting a slight overestimation of the relative risk 
in ex-smokers in prospective analyses of risk based on smoking 
status defined at the initial screening.

4 . The BRHS data showed a good agreement with the national data 
from the General Household Survey on the prevalence rates of ex
smoking and current smoking, on daily cigarette consumption and 
on social class structure of smoking groups.

5. Blood cadmium concentration (BCC) was measured only at the 
initial screening. Individually, BCC showed a large overlap 
between non-smokers and current smokers while different smoking 
groups on average had significantly different BCCs. A cut-off 
value of 1.5 pg/1 suggested that 83% of ex-smokers and 79% 
current smokers had declared their real smoking habits. However, 
there was some evidence suggesting that the eight smoking groups 
represent the real smoking habits better than the figures 
suggested by the blood cadmium concentration. Some of the 
'deceivers' may be explained by the differences in additional 
smoking variables or other sources of cadmium, such as 
occupational and environmental exposure.
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To examine the beneficial effect of giving up smoking on IHD 
risk, the objective of this thesis, will inevitably involve many 
comparisons of the differences in the risk of IHD between 
different smoking groups. Any meaningful interpretation of the 
comparisons depends on three issues: representativeness,
precision and validity of a study. The representativeness of 
the BRHS study population has been discussed in the previous 
chapter. The precision of statistical estimates will be 
presented together with the results in prospective analyses. 
As to the validity, unlike experimental studies, where subjects 
can be randomly assigned to different comparison groups and 
compatibilities between groups are then achieved to their 
greatest extent, it is determined mainly by consideration of 
potential confounding and identification of possible bias. This 
and the ensuing two chapters are concerned with these two 
aspects, confounding and bias.

One of the biases which is unavoidable in epidemiologic 
studies is the bias due to misclassification of exposure, if the 
exposure is assumed to be the one which is most strongly 
associated to occurrence of disease. In our case, the eight 
smoking groups and years-since-quitting are of main concern. 
However, consideration of the additional smoking variables, such 
as cigarettes smoked per day (in ex-smokers), age of starting, 
age of quitting, smoking-years, inhaling habits and the nicotine 
yields would certainly improve the preciseness of the measure of 
the exposure by the eight smoking groups. For the sake of 
convenience, these variables here are arbitrarily grouped as 
additional smoking variables (ASV). An ideal measure would 
integrate the information on all these smoking variables over a 
period of time long before the IHD occurs or might occur. This 
will be the first issue considered in this chapter.

Secondly, we consider the changes in smoking habits which 
had occurred by the time of the fifth-year questionnaire. As in
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many similar studies, applicable information on exposure to 
tobacco smoke and potential confounders in the BRHS data were the 
measurements performed at the initial screening. To relate these 
data to the risk of IHD, as in this thesis and in many other 
prospective studies, assumes that there were no changes in these 
factors over the period of follow-up. This is clearly not true 
in a large prospective study over a long period of time. The 
risk of a new IHD event would be overrated in ex-smokers if some 
resume cigarette smoking and under-estimated in current smokers 
if some stop smoking. The distortion may be further complicated 
by concurrent changes in potential confounding factors.

Finally, the validity of the measure of the main smoking
categories is assessed internally by using the measurement of
blood cadmium as a marker of current smoking habits and 
externally by comparing the BRHS measures of smoking prevalence 
with the national data from the General Household Survey.

4.2 Smoking Status at the Initial Screening

4.2.1 Eight smoking groups

Data on the eight smoking groups are provided in Table 4- 
1, containing 7,719 men whose smoking habits were available at 
the initial screening and on whom most prospective analyses are 
based, ie 99.8% of the 7,735 men. Half of the 7,719 men were 
non-smokers, and over half of the non-smokers used to smoke 
cigarettes, ie ex-smokers. Pipe or cigar smokers accounted for 
another ten percent, with the majority, 607 out of 802, being 
secondary P/C smokers. 195 were primary P/C smokers and will be 
excluded in most analyses due to small number. The remaining 41% 
of men were current cigarette smokers, with two-thirds of them 
smoking 20 cigarettes or fewer a day.
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The average level of the additional smoking variables are 
presented in Table 4-2 for current and ex-smokers. Age is 
included, as it is closely related to smoking habits. On 
average, both ex-smokers and current smokers started smoking at 
the age of 17. However, ex-smokers at entry were slightly older 
than current smokers, indicating that older men were more likely 
to have given up smoking. Amongst ex-smokers, age was positively 
correlated with years-since-quitting. Men who had stopped 
smoking for more than twenty years at the initial screening were
2.3 years older than men who had stopped smoking in the past five 
years prior to the initial screening. More marked differences 
existed for the age at which men had quit and their smoking- 
years. Thus men who had quit for more than 20 years before 
initial screening had done so at age of 25 years and with an 
average exposure to smoke of only 8 years. In contrast, men who 
had stopped for less than 5 years before the initial screening 
had quit at age of 48 with exposure to smoke of 29 years. 
Smoking-years were even greater in current smokers (33 years), 
with little variation between the sub-groups.

Current smokers, on average, smoked slightly fewer 
cigarettes than ex-smokers, and ex-smokers who stopped smoking 
long time ago seem to have previously smoked fewer than those who 
did so recently. The differences between current smokers and 
ex-smokers may, however, be due to the questions asked. Ex
smokers were asked 'how many cigarettes they usually smoked', and 
current smokers their current consumption. Current smokers may 
well have smoked more heavily in the past.

4.2.3 Possible bias due to additional smoking variables

In prospective analyses, the eight smoking groups will be 
of primary concern, with particular consideration of the number 
of cigarettes smoked and years-since-quitting in ex-smokers. 
Clearly, it would be impractical to take account of all the
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additional smoking variables at the same time. Therefore, it 
is critical to know whether the risk estimates are biased by- 
ignoring some additional smoking variables.

In current cigarette smokers, the additional smoking 
variables, if age adjusted, seem unlikely to be a problem, as 
they are largely comparable between groups according to number 
of cigarettes smoked per day. In ex-smokers, the issue of the 
effect of years-since-quitting, our primary interest, is much 
more complex. Years-since-quitting are obviously inversely 
related to age of quitting (r = -0.84) and smoking-years (r = - 
0.75) (Table 4-3), and age at entry is positively related to 
(smoking-years + years-since-quitting) (r = 0.79). Thus the 
effect of years-since-quitting would be inevitably confounded by 
any effect of smoking-years, age of starting and age of quitting.

Fortunately, age of starting was found to be similar in the 
four ex-smokers groups according to years-since-quitting. Since 
smoking-years is determined by age of starting and age of 
quitting, there is a strong correlation of smoking-years with age 
of quitting in ex-smokers (r = 0.91). Practically, if either is 
taken into account the other will be of little importance. No 
one has suggested that age of quitting to be related to IHD risk. 
Smoking-years is another matter. The crucial point made by Table 
4-3 is therefore that in the prospective analyses of IHD risks 
in ex-smokers according to years-since-quitting, the relationship 
of years-since-quitting with smoking-years would be of critical 
importance and should be taken into consideration. The influence 
of smoking-years on the estimates of IHD risk with years-since- 
quitting will be detailed in Chapter 8 .

4.3 Changes in Smoking Habits at Five Years

Comparing the smoking status at the initial screening and 
at five years may throw light on changes in smoking habits. The 
issue may have many dimensions, but only some of them are
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critical. The moves between current smokers and ex-smokers, 
whose importance has been discussed in 4.1, are of most concern. 
Changes in number of cigarettes smoked per day by current smokers 
is only relevant to current smokers. The difference in the 
additional smoking variables between the quitters, those who 
currently smoked cigarettes at entry but did not smoke any 
tobacco at five years, and the persisters, those who continued 
smoking cigarettes at five years, are less important in terms of 
bias, but useful with respect to the reasons for giving-up. The 
characteristics of those who subsequently gave up smoking are 
expanded upon in Chapter 6 .

4.3.1 Main smoking status

Differences in the three main smoking groups at the initial 
screening and at five years are shown in Table 4-4. The 
proportion of men smoking tobacco (pipe/cigars plus cigarettes) 
had decreased by 18.4% [(9 .4/51.0)*100] at five years. Nearly 
all the reduction was due to the decline in cigarette smoking 
from 40.5% to 32.1%. The prevalence of pipe/cigar smoking 
(primary plus secondary) was largely unchanged.

Table 4-5 compares the differences in individuals' smoking 
habits at the initial screening and at five years. Very few 
never-smokers and ex-smokers at the initial screening reported 
smoking at 5 years. 97.6% of never-smokers at entry remained as 
non-smokers at five years. Of more concern, 93.5% of ex-smokers 
at entry were recorded as non-smokers at five years. 3.3% of ex
smokers at entry claimed to smoke a pipe/cigars and 3.2% to smoke 
cigarettes at five years.

Major changes in smoking habits had occurred in those either 
smoking cigarettes or pipe/cigars at the initial screening. Over 
one-fifth of each group stated they did not smoke at five years. 
For both primary and secondary pipe/cigar smokers at entry, men 
who claimed not to smoke at five years far outnumbered men who 
claimed to smoke cigarettes at five years. Thus, 12.7% of
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secondary pipe/cigars smokers claimed they currently smoked 
cigarettes at five years, compared to 28.8% who stopped smoking 
tobacco in any form.

4.3.2 Number of cigarettes smoked per day

Table 4-6 considers the changes in number of cigarettes 
smoked per day by current smokers at the initial screening. 
Overall, over 50% of cigarette smokers reported a change in the 
amount smoked, and amongst those who continued to smoke 
cigarettes, a reduction in consumption was observed. The 
proportions for those who claimed smoking the same amount at five 
years as at the initial screening are 49%, 42%, 33% and 32%
respectively for those who smoked 1-19, 20, 21-39 and 40 or more 
cigarettes per day; Light smokers were more likely to have 
stopped smoking cigarettes (27.4% and 20.4%) than heavy smokers 
(17.7% and 15.9%). On average, 21% of current smokers at the 
initial screening claimed to smoke fewer cigarettes at five 
years, compared to 11% who claimed to smoke more.

4.3.3 ASV between quitters and persisters

Table 4-7 compares the additional smoking variables measured 
at the initial screening between quitters and persisters defined 
at five years. It generally confirmed the cross-sectional 
findings for ex-smokers and current smokers at entry (Table 4-
2) . Quitters were slightly older, and had started smoking at a 
marginally older age and had accumulated fewer smoking-years 
than persisters. The differences are however small in magnitude. 
In contrast to the cross-sectional findings, quitters smoked 
fewer cigarettes per day at screening, suggesting that cross- 
sectional results on number of cigarettes smoked per day be a 
consequence of changes in smoking habits in current smokers 
rather than a true reflection of past exposure.
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4.3.4 Possible bias due to changes in smoking habits

What are the implications of these changes for risk analyses 
based on the initial screening data? It appears that the 
absolute risk in never-smokers and ex-smokers will be slightly 
overestimated due to a small number of men who smoked in both 
groups subsequent to the initial screening. In contrast, the 
risk in cigarette smokers will be underestimated because of some 
men who subsequently gave up smoking and some reduced the amount 
they smoked. It is not immediately apparent whether the risk in 
secondary P/C smokers will be overestimated or underestimated, 
since 13% had resumed smoking cigarettes and 29% had stopped 
smoking altogether at five years. Ideally, we should be able to 
estimate the possible magnitude of these biases. However, the 
situation is complicated by the fact that men who stop smoking 
may have done so for health reasons. We can, however, make some 
progress in the case of ex-smokers.

Assume that 6.5% of the ex-smokers (3.3%+3.2%) in Table 4- 
5, were true smokers at the initial screening and that they had 
a true relative risk of 2.5 compared to never-smokers at the 
initial screening. To what extent could this explain an observed 
relative risk of 1.6 in ex-smokers? Since the estimated RR in 
ex-smokers at the initial screening was 1 .6 we estimated the RRe 
in the true ex-smokers (ie the 93.5% reporting no smoking at five 
years) from:

1.6=0.935*RRe+0.065*2.5 
ie RRe=(1.6-0.065*2.5)/0.935=1.54. 

ie we have reduced the excess risk by 10% (0.06/0.60*100). In 
fact, the reduction may be still smaller if the never-smokers at 
entry who later started smoking are taken into account.

4.4 Validation of Smoking Data

The validity of the smoking data measures the extent to 
which the claimed smoking data reflect the real situation. This
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can be measured in many ways. The assessment here is confined 
externally to the comparisons of prevalence of different smoking 
groups to the national data from the General Household Survey and 
internally to the evaluation of individuals within the study by 
using a biological marker of smoking: blood cadmium
concentration.

4.4.1 Comparisons with General Household Survey

The General Household Survey (GHS) is an annual survey based 
on a sample of the general population resident in private (that 
is non-institutional) households in Great Britain, and has been 
running since 1971 [OPCS 1986]. The information on smoking has 
been included each year from 1972 to 1976, and in alternate years 
since then. The comparison is restricted to men aged 50-59 at 
both examinations, ie BRHS men aged 50-59 at five years were 
those who were 45-54 years old at the initial screening. The 
findings from the initial screening and at five years of the BRHS 
are compared, respectively, with the weighted average of 1978 and 
1980 figures, and 1984 statistics of the GHS report.

4.4.1.1 Main smoking status

The prevalence of different smoking groups and the amount 
smoked per day in the British Regional Heart Study are compared 
to the GHS data in Table 4-8. The prevalence rates of current 
smoking in the BRHS at the initial screening were slightly lower 
than in the GHS. They had declined by some 20% five years later 
in both studies and the differences between the two studies still 
remained.

The percentage of ex-smokers at the initial screening was 
higher in the GHS and the difference was smaller in magnitude. 
At five years it was similar in the two studies. Proportions of 
pipe/cigar (including primary and secondary) smokers in the BRHS 
at the initial screening resembled the GHS, and the latter showed 
a slightly lower proportion at five years.



CHAPTER 4: SMOKING STATUS AT ENTRY & AT FIVE YEARS page 95

The number of cigarettes smoked per day by current 
cigarette smokers in the BRHS was slightly greater than in the
GHS both at the initial screening and at five years, when a
slight decline was observed in the GHS, but not in the BRHS.

4.4.1.2 Social class and current smoking

The percentages of current smokers at the initial screening 
showed a similar relationship with social class in both studies 
(Table 4-9) . A man of higher social class was less likely to 
be a current smoker than a man of lower social class.

4.4.1.3 Summary

In summary, with regard to prevalence of smoking, the amount 
smoked per day, and the relationship of current smoking with 
social class, the BRHS data were very similar to the GHS, 
suggesting our smoking data were not likely to be seriously 
distorted.

4.4.2 Assessment bv using blood cadmium

The exposure to cigarette smoking can also be assessed by
means of biological markers which may more accurately measure the 
exposure to smoke. Ideally blood nicotine or cotinine should be 
used. Instead, we have the measurements of blood cadmium, which 
has also been suggested as a marker of recent cigarette smoking 
[Pocock et al 1988].

4.4.2.1 Blood cadmium: a marker of smoking

Main smoking groups and blood cadmium Average blood cadmium 
has an extraordinarily strong relationship with current smoking 
habits (Figure 4-1). Current cigarette smokers at entry had a 
mean blood cadmium concentration (3.13 jug/1) 3-fold that in 
never-smokers and ex-smokers, with a marked gradient with number
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of cigarettes smoked. Primary and secondary pipe/cigar smokers 
showed an intermediate elevation (1.32 and 1.68 pg/1 
respectively). It was only 21% [ (1.10-0.91)/0.91] greater in ex
smokers compared to never-smokers, though the difference was 
highly statistically significant. Obviously, blood cadmium 
concentration is a perfect marker of smoking habits at a group 
level.

Blood cadmium in individual current smokers and never-smokers 
Individually, blood cadmium concentration does not satisfactorily 
separate current smokers from never-smokers. In particular, an 
arbitrary cut-off value of 1.5 pg/1 identified 88% of never- 
smokers with blood cadmium below the cut-off point and 86% of 
current smokers above the value. Though we have no other data 
to prove that not all the 14% of current smokers and 12% never- 
smokers had given incorrect information on their smoking habits, 
such high deception rates may well be partly attributed to the 
inefficient sensitivity and specificity of blood cadmium for 
individually separating the two groups.

Years-since-quitting and blood cadmium To identify true ex
smokers from deceivers ('ex-smokers' who currently smoked 
cigarettes), a biological marker should ideally disappear very 
quickly after stopping smoking. To be precise, the blood cadmium 
concentration needs to be high enough in current smokers, and low 
enough in ex-smokers so that they could be clearly distinguished 
from each other. Compared to current smokers at entry, a fairly 
rapid decline in mean blood cadmium amongst ex-smokers was 
observed, which was consistent with the concept that blood 
cadmium reflects recent exposure (Figure 4-2). Thus, blood 
cadmium concentration was lowered by 61% ([l-(1.78-0.91)/(3.13-
0.91)]) within the first year of stopping smoking, and 83% within 
five years, where 0.91 represents the blood cadmium concentration 
in never-smokers, 1.78 in ex-smokers who had given up for less 
than one year and 3.13 in current cigarette smokers. However, 
the complete convergence of blood cadmium in ex-smokers and 
never-smokers took place only after some twenty years of
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abstinence from smoking.

Summary Blood cadmium is a very good marker of smoking habits 
at a group level, but individually it may not sufficiently 
separate current smokers from never-smokers. For ex-smokers, an 
even higher false rate of deception is expected, though the blood 
cadmium was found to decline very rapidly after stopping smoking.

4.4.2.2 Assessment of smoking data at entry

Smoking status at the initial screening Although blood cadmium 
is not a good measure for distinguishing individuals of different 
smoking status, we still can make some progress in ex-smoking and 
current smokers. Figure 4-3 compares the frequency distributions 
of blood cadmium concentrations of never-smokers, ex-smokers and 
current cigarette smokers at the initial screening. As expected, 
the distributions of blood cadmium for never-smokers and ex
smokers were similar, while the distribution for current smokers 
clearly overlapped with that for never-smokers and particularly 
with that for ex-smokers. The same cut-off of 1.5 ^g/1 divided 
83% of ex-smokers with blood cadmium below that value and 79% 
current smokers above that value.

If we assume that 83% of our ex-smokers had really stopped 
smoking at the initial screening, may all the 17% of those with 
cadmium value over 1.5 j j g /1  be deceivers? We have grounds for 
believing that some of the 17% ex-smokers were not deceivers 
since they may have given up smoking more recently or have smoked 
more cigarettes a day, so they still had an elevated blood 
cadmium concentration after stopping smoking. In fact, the data 
showed that the ex-smokers with blood cadmium values over 1.5 
pg/1 had on average stopped smoking 11.0 years prior to initial 
screening and smoked 24.5 cigarettes a day compared with 13.8 
years and 23.8 cigarettes in the ex-smokers with a blood cadmium 
concentration below that value. The two groups may have inhaled 
differently as well, but there were no data available to allow 
us to examine this issue in the BRHS.
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Changes in smoking habits at five years It seemed reasonable 
to suppose that the ex-smokers who claimed to smoke at five years 
were more likely to have deceived at entry. We therefore related 
the blood cadmium to the smoking habits both at entry and at five 
years to further validate the smoking status at the initial 
screening (Figure 4-4). If the men claimed true smoking status 
at entry, one would expected a similar blood cadmium level in 
those who claimed changes in smoking habits at five years with 
that in those who did not. Otherwise, some deception at the 
initial screening may be suspected. The number of never-smokers 
and primary pipe/cigar smokers who reported changes in smoking 
status was small and thus they are not plotted in the figure.

The ex-smokers and secondary pipe/cigar smokers at screening 
who claimed resuming smoking cigarettes at five years had a 
significantly higher mean blood cadmium concentration at 
screening than those who did not. Clearly deception may be 
taking place. However, the mean blood cadmium levels for men who 
resumed smoking cigarettes was not that high compared to current 
smokers who smoked less than 20 cigarettes a day for one to 
believe that every resumer deceived or currently smoked 
cigarettes at entry. In fact, we found that those who resumed 
smoking cigarettes at five years had given up much more recently 
before entry than those who did not. On average, the former had 
given up for only 4.7 years compared with the latter 13.8 years. 
They were similar in the amount smoked per day. These results 
suggest that some ex-smokers who had a higher blood cadmium level 
were so becauseA lying in their smoking habits at entry, while 
others probably because they had given up smoking more recently 
and thus still had a higher level of blood cadmium.

Amongst current cigarette smokers, those who smoked twenty 
cigarettes or less a day at the initial screening had 
significantly lower blood cadmium levels if they subsequently 
stopped smoking cigarettes (quitters) than if they were still 
smoking at five years (persisters). The blood cadmium
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concentration for the quitters compared to the ex-smokers who had 
given up for less than one year was too high for one to refuse 
that they did currently smoke at entry. The differences are 
probably due to a combination of quitters smoking fewer 
cigarettes at the initial screening and possibly inhaling less.

4.4.2.3 Summary

Although blood cadmium concentration could clearly 
distinguish different smoking groups from each other, it may not 
be a satisfactory marker for separating individual non-smokers 
from current smokers. Individually, there was clear overlap of 
blood cadmium between ex-smokers and current smokers. A cut-off 
value of 1.5 pg/1 separated 83% of ex-smokers with blood cadmium 
below that value and 79% current smokers above that value. 
However, there was some evidence that the BRHS smoking data (the 
eight smoking groups) represent the real smoking habits better 
than that suggested by the blood cadmium concentration. The 
overlap between ex-smokers and current smokers may suggest 
deception, but it may also partly be explained by the differences 
in additional smoking variables or other sources of cadmium, 
such as occupational and environmental exposure.

4.5 Summary

1) Amongst the 7,719 BRHS men, there were 1624 never-smokers, 
2,108 ex-smokers and 3,185 current smokers, 195 primary 
pipe/cigar smoker and 607 secondary pipe/cigar smokers at the 
initial screening.

2) Ex-smoking groups according to years-since-quitting were 
different in some additional smoking variables, but only smoking- 
years might induce bias in prospective analyses.

3) Changes in smoking habits were examined. The small number of 
ex-smokers resuming smoking and current smokers stopping smoking
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seem unlikely to distort the risk estimates materially.

4) The BRHS data showed good agreement in prevalence rates of 
current and past smoking, and cigarettes consumed by cigarette 
smokers with the national data for the GHS.

5) Blood cadmium, although a perfect marker of smoking at a group 
level, is not sufficiently good in distinguishing non-smokers 
from current smokers to allow its use for identifying ex-smokers 
who were deceiving. A cut-off value of 1.5 pg/1 determined that 
83% of ex-smokers and 79% current smokers had claimed their real 
smoking habits. However, there was some evidence that there is 
less lying in the smoking habits than the figures suggested by 
the blood cadmium concentration.
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Table 4-1 The Frequency of the Eight Smoking Groups 
at the Initial Screening

Smoking Groups Number of men Percentage

Total 7719 100.0

Never-smokers 
Ex-smokers 
Primary P/C 
Secondary P/C 
Current smokers 

1-19 
20
21-39
>40

1624
2108
195
607

1188
835
846
316

21.0 
27 .4 
2.5 
7.9

15.4
10.8
11.0
4.0
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Notes: 
CIGSDAY: 

number 
of 

cigarettes 
smoked 

per 
day; 

AGEENTRY; 
age 

at 
entry; 

AGESTART: 
ag< 

of 
starting; 

AGEQUIT: 
age 

of 
quitting; 

SMOKEYRS: 
smoking-years; 

QUITYEARS: 
years-since 

quitting.
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Table 4 -4  Frequency of Smoking Status at Five Years 
Compared with Those at the Initial Screening

Smoking
Cateaories

At Initial Screenina At Five Years
No. of Men % N o . of MenL %

Non-smokers 3548 49.0 4232 58.4

P/C smokers 762 10.5 685 9.5

Current Smokers 2928 40.5 2321 32.1

Total 7238 100.0 7238 100.0

Notes: Data restricting to 7238 men whose smoking status known at both
examinations.
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Table 4 -5  Reported Changes (% ) in Smoking Habits at 5 Years

Smoking Status 
At Entrv Total

Smokina Status at Five Years (%)
Non-smokers P/C Smokers Ciaarette

Never-smoker 1565 97.6 1.9 0.5
Ex-smokers 1983 93.5 3.3 3.2
Primary P/C 185 24.9 73.1 2.2

Secondary P/C 577 28.8 58.5 12.7
Cigarette 2928 21.9 4.0 74.1

Notes: Non-smokers, men who did not smoke any tobacco at five years; P/c,
pipe/cigar smokers - men who smoked a pipe and/or cigars at five years.
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Table 4 -6  Changes in the Number of Cigarettes Smoked per Day 
in Current Cigarette Smokers at Five Years

Cigarettes 
per day 
at Entrv

Total
Men

% of Smokina Status at Five Years
Non-

Smokers
P/C

Smokers
Ciaarette 

1-19 20
(No./dav) 
21-39 >40

1-19 1099 27 .4 5.0 49.1 13.8 2.9 1.0

20 770 20.4 4.6 22.1 42.0 9.6 1.4

21-39 782 17.7 2.2 11.6 29.7 33.3 5.6

>40 277 15.9 3.3 5.1 15.2 28.2 32.4

Total 2928 21.9 4.0 28.1 25.6 15.2 5.3

Notes: Non-smokers, men who did not smoke any tobacco at five years;
P/C smokers, men who smoked a pipe and/or cigars at five years.
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Table 4 -7  The Additional Smoking Variables in Quitters and 
Persisters, among Current Smokers at the Initial Screening Only

Additional Smokina Status at Five Years
Smoking Ouitters Persisters

Variables No. MeaniSE No. MeaniSE

Age (Years) 640 50.83±0.23 2172 50.1610.12

Age of Starting 638 17.0410.18 2168 16.4510.09

Smoking-Years 633 32.4210.32 2146 33.2610.16

Cigarettes/day 640 18.5610.45 2172 21.7710.24

Note: The comparisons for the four variables between men who stopped
smoking and men who continued smoking cigarettes are all statistically 
significant (P<0.05).
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Table 4 -8  Proportions (% ) of Different Smoking Habits and 
the Number of Cigarettes Smoked Daily in the British Regional 
Heart Study (BRHS) and the General Household Survey (GHS)

for Men Aged 50-59 Years

Smokina Habits BRHS GHS

Initial Screening *

Current Smokers 42.4 47 .5

Ex-Smokers 31.1 35.0

P/C smokers 10.6 10.0

Cigarettes/day 20.5 19.1

Fifth Year Questionnaire *

Current Smokers 33.8 39.0

Ex-smokers 37.1 37.0

P/C smokers 9.2 6.0

Cigarettes/day 21.0 18.0

Notes: *, Initial screening: Jan/1978 - Jun/1980 for BRHS, and average of
1978-1980 for GHS, Fifth year questionnaire: Jan/1983 - Jun/1984 for BRHS, 
and 1984 for GHS.
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Table 4 -9  Social Class and Percentage of Current Smokers in 
the Regional Heart Study and the General Household Survey

Social
Class

B.R.H.S 
fat entry)

G.H.S 
f 1978 & 1980 ̂

I Professional 20.9 23.0

II Intermediate 31.7 36.0

III Non-manual/clerical 37 .1 36.5

III Skilled, manual 55.3 48.5

IV Semi-skilled, manual 48.0 51.0

V Unskilled, manual 52.2 58.5

Notes Current smokers: current cigarette smokers only. 
Age: 16 and over in the GHS; 4 0-59 in the BRHS.
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Figure 4-1 Mean Blood Cadmium Concentrations £95% confidence 
Limits} by the Eight Smoking Groups at the Initial Screening
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Figure 4-2 Mean Blood Cadmium Concentrations £95% Confidence
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Figure 4-4 Mean Blood Cadmium Concentrations C9596 Confidence 
Limits} in Relation to Smoking Status at Entry & at 5 Years
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Chapter 5 Characteristics of Different Smoking Groups at Entry
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5.3 IHD-related conditions
5.4 Smoking-related conditions
5.5 Social class
5.6 Other risk factors

5.6.1 By main smoking groups
5.6.2 With years-since-quitting

5.7 Summary



CHAPTER 5; CHARACTERISTICS OF SMOKING GROUPS AT ENTRY page 115
5.0 Abstract

1. This chapter is concerned with the comparability of some 
important predictors of IHD at entry into the study between 
different smoking groups. These factors are categorised into 
pre-existing IHD, smoking-related and IHD-related conditions and 
other risk factors for IHD.

2. The prevalence rate of doctor diagnosis of myocardial 
infarction was 9.0% in ex-smokers who had given up smoking for 
less than five years prior to the initial screening compared to 
2.0% in never-smokers and 3.8% in current smokers, strongly 
suggesting that some smokers may have given up smoking due to the 
development of a heart attack. Rates of doctor diagnosis of MI 
declined as years-since-quitting increased.

3. Marginally elevated prevalence rates (about 14.0%) of doctor 
diagnosis of hypertension were found in ex-smokers irrespective 
of how long ago they had given up smoking. This compared with 
12.1% in never-smokers and 10.7% in current smokers. The 
differences in other IHD-related diseases between smoking groups 
were too small to be of any great significance. Among smoking- 
related conditions, only breathlessness showed significant 
differences, similar to but smaller than those for doctor 
diagnosis of MI between different smoking groups.

4. Social class, age, systolic blood pressure, diastolic blood 
pressure, BMI and serum total cholesterol all exhibited less 
favourable levels (from the point of view of IHD risk) in ex
smokers . These variables tended to approach the levels observed 
in never-smokers as years-since-quitting increased.

5. In summary, ex-smokers at entry into the study already had 
a less favourable level of many predictors of IHD compared to 
never-smokers and current cigarette smokers. These will need to 
be taken into account in any prospective analysis.
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5.1 Introduction

Ischaemic heart disease is a multi-factorial disease. The 
effect of smoking on IHD risk in a population is therefore
determined not only by the intensity and prevalence of exposure
to smoking but also by its relative distribution to and
correlation with other factors predictive of IHD. The 
differences in these factors between smoking groups could
confound the effect of smoking within a study. Differences from 
other study populations could result in a different association 
between smoking and IHD, as measured by relative risk [Rothman 
& Poole 1988]. For example, the relative risk of IHD in current 
cigarette smokers is usually greater at younger ages where other 
risk factors are less common, and declines as age increases. The 
factors that have attracted attention include three distinctive 
categories: dimensions of exposure to smoking, pre-existing IHD, 
and other factors suspected of being related to both IHD and 
smoking [Jenkins et al 197 3, Gordon et al 1975, Goldbourt & 
Medalie 1977, Kato et al 1989]. The dimensions of smoking have 
been discussed in Chapter 4.

This chapter is essentially concerned with the comparability 
of the main smoking groups in the variables of the latter two 
categories at the initial screening. Our primary concern is the 
potential confounding effects in prospective analyses. The 
differences in these variables may also throw light on selection 
in giving up smoking. Some differences are to be expected on the 
basis of past smoking, of which the comparisons between never- 
smokers and current smokers will be informative, while 
differences (an increase for most variables) between ex-smokers 
and current smokers may suggest selection by giving up smoking 
due to these factors and will be of more interest. However, the 
cross-sectional examination of this issue would be complicated 
by the possibility that stopping smoking may itself cause changes 
in some of these variables. More convincing information on the 
mechanism of stopping will then be obtained from prospective 
analyses in the ensuing chapter.
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In the analysis, the primary P/C smokers are small in number 
and are excluded. The ex-smokers, the key group, are sometimes 
divided into four sub-groups according to years-since-quitting 
prior to the initial screening. The age-standardised proportions 
are calculated by using the age structure of the 7735 BRHS men 
as standard (see 3.3.6).

5.2 Ischaemic Heart Disease

5.2.1 Pre-existing IHD

Pre-existing IHD is taken to mean the presence of any 
evidence of IHD identified at the initial screening and is 
classified into possible and definite IHD (see Section 3.4.2) 
[Phillips et al 1988]. The prevalence rates of pre-existing IHD 
are provided at the bottom of Table 5-1. Pre-existing definite 
IHD is obviously highly predictive of a future IHD event.

Definite pre-existing IHD exhibited a higher prevalence in 
current smokers than in never-smokers. Similar rates were found 
in secondary P/C smokers and current smokers. However, the 
highest prevalence rate was observed in the ex-smokers who had 
given up most recently ie within five years prior to the initial 
screening. In them, it was 11% compared to 6% in current smokers 
and 4% in never-smokers. Amongst ex-smokers, the rates declined 
gradually with years-since-quitting, and became largely similar 
to never-smokers in those who gave up more than 10 years. 
Importantly, the excess rates in ex-smokers compared to current 
smokers strongly suggest that smokers may have given up smoking 
due to the development of IHD.

These findings are basically in agreement with those of 
Kato (Kato 1989). Kato and co-workers examined 15,361 Japanese 
men and found ex-smokers had a prevalence of 'heart diseases' 
60% higher than current smokers, and there was a significant
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decreasing trend of the diseases with years-since-quitting. In 
contrast, the proportion of 'heart diseases' in those who had 
given up more than twenty years was still 62% higher than never- 
smokers and 49% higher than current smokers, while in BRHS men 
the proportion of pre-existing definite IHD in the same group was 
similar to never-smokers and only half that seen in the current 
smokers.

5.2.2 IHD identified via different methods

The BRHS data also allow division of those with pre-existing 
IHD into three groups - questionnaire IHD, doctor-diagnosed IHD 
and ECG-IHD - to see whether any special types of IHD are more 
likely to be related to being ex-smokers. In Table 5-1, a 
similar pattern is observed for myocardial infarction identified 
through different procedures and it was particularly so for that 
diagnosed by a doctor. The prevalence of doctor-diagnosed 
myocardial infarction in the ex-smokers who had given up most 
recently was 2.4 times the rate found in current smokers and 4.4 
in never-smokers. The prevalence of doctor-diagnosed angina in 
this group was also double the rate in current smokers. Because 
the three categories are not mutually exclusive, it would be 
important to know whether doctor diagnosis of IHD was 
predominantly related to being ex-smokers.

5.2.3 Doctor-diagnosed IHD

In Table 5-2, men recalling doctor diagnosis of IHD (MI 
and/or angina) were excluded. After exclusion, the increased 
prevalence rates of MI identified via any other methods largely 
disappeared, and the trend of the rates with years-since-quitting 
no longer existed. The results strongly suggest that recall of 
a doctor-diagnosed IHD, particularly an MI, overwhelmed the IHD 
via the other two methods as to their relationship with giving 
up smoking. That is, it was not the occurrence of the disease, 
but the diagnosis by a doctor or awareness of their disease that 
was important in leading men with IHD to stop smoking.
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5.3 IHD-related conditions

The prevalence rates of four diseases suspected of being 
related to IHD are provided in Table 5-3. Though recall of 
doctor diagnosis of high blood pressure was not more prevalent 
in current smokers than never-smokers, higher prevalence rates 
were still found in all the ex-smoking groups. There seemed no 
trend with years-since-quitting. No statistically significant 
differences in the prevalence of stroke, 'other heart trouble' 
or diabetes were found between smoking groups, probably due to 
the rarity of the events. In fact, recent ex-smokers tended to 
have higher prevalence rates of all the three diseases; The 
rates for each of the four diseases in secondary P/C smokers were 
similar to the ex-smokers who had given up most recently. The 
results for high blood pressure in general confirmed Kato's 
findings (Kato 1989).

We have implicated recall of a doctor diagnosis of a heart 
attack as an important factor in leading smokers to stop smoking. 
Since the above diseases were supposed to be IHD-related it is 
important to determine if the above diseases remain high in ex
smokers after excluding men with doctor-diagnosed IHD. In Table 
5-4, we excluded those who recalled doctor-diagnosed IHD. The 
pattern for the IHD-related diseases remained unchanged, 
suggesting the differences were independent of the differences 
in the prevalence of IHD.

These findings suggest that the diagnosis of high blood 
pressure, 'other heart trouble' and diabetes IsJ men
to stop smoking, rather than being a consequence of smoking. 
In other words, smoking may not have effects on these diseases, 
but smokers were likely to have given up smoking, possibly on 
doctors' advice, as a result of the development of these 
diseases.

So far as the prospective analyses in Chapter 7 & 8 are 
concerned, men giving up smoking as a result of a doctor
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diagnosis of hypertension may well be a source of bias and it 
will be important to determine the effect of excluding such men 
from the prospective analyses. So far as the other conditions 
are concerned they are too rare or too weakly related to giving 
up smoking to have any important effect.

5.4 Smoking-related conditions

Three diseases and one symptom are thought to be most 
relevant in the BRHS data and their prevalence rates amongst 
smoking groups are shown in Table 5-3. Breathlessness is defined 
and graded into four categories based on the answers to three 
relevant questions: none, mild, moderate and severe
breathlessness (Cook & Shaper 1988). Breathlessness in this 
thesis refers to moderate or severe cases. The other three 
conditions are based on recall by the man of a doctor diagnosis. 
More bronchitis, breathlessness and peptic ulcer were observed 
in current smokers than in never-smokers. The highest rates of 
bronchitis and breathlessness were once more found in the ex
smokers who had given up smoking most recently, though the
differences between the ex-smokers and current smokers were not
as great as for pre-existing IHD. There was some evidence for 
a declining trend with years-since-quitting for the three 
conditions. For breathlessness this trend is not surprising 
since breathlessness is related to the number of smoking-years 
which were greatest in these men who gave up smoking most 
recently (Cook & Shaper et al 1990).

The prevalence of asthma exhibited a different pattern.
The ex-smoking groups showed similar rates to never-smokers, 
which were all higher than current smokers. This suggested that 
those with asthma developed the disease at a very early age and 
therefore were less likely to take up smoking; once smokers 
developed the disease they were more likely to give up.
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The prevalence rates in secondary P/C smokers were similar 

to current smokers, except for breathlessness which showed a much 
lower rate in secondary P/C smokers. Similarly, after excluding 
those with doctor diagnosis of IHD at entry, the findings 
remained little changed (Table 5-4).

It should be emphasized these four conditions 
(breathlessness, bronchitis, peptic ulcer and asthma) are 
primarily smoking-related. The extent to which bias will be 
induced into any prospective analysis of the risk of IHD will 
depend on whether the factors are predictive of IHD as well as 
whether they are related to stopping smoking. Breathlessness has 
been found to be associated with both the risk of developing 
angina [Cook & Shaper 1989] and the risk of future IHD (Cook & 
Shaper 1988].

5.5 Social class

To make it easier to understand the relationship between 
social class and smoking habits, the proportions of men with 
different smoking habits are examined in six social class groups 
(Table 5-5), followed by the social class structure of different 
smoking groups (Table 5-6). Overall, social classes differed 
greatly in percentages of men with different smoking habits. 40% 
of professionals had never smoked compared with only 15% of 
unskilled manual workers. Similarly, the proportions of ex
smoker were, though less strongly, positively related to social 
class: the higher the social class, the greater proportion of ex
smokers. Ex-smokers account for 30.3% of non-manual workers and 
26.6% manual workers. About half (30.3/(30.3+30.9)) of ever- 
cigarette smokers (ie current plus ex-cigarette smokers) in non- 
manual workers had given up smoking compared with one-third in 
manual workers. Thus men in higher social classes were less 
likely to have ever smoked and more likely to stop once they had 
started. In addition, in ex-smokers there was clearly an inverse 
trend of proportions of non-manual workers with years-since-
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quitting: 53.1%, 48.7%, 41.9% and 40.0% respectively for 0-5, 6- 
10, 11-20 and >20 years-since-quitting.

What effects would these findings have on estimates of the 
relative risks in ex-smokers in prospective analyses? Suppose 
the risk of IHD is inversely related to social class. The 
distortion of the risk estimates depends upon the relative 
distribution of social class in ex-smokers to other smoking 
groups. The higher proportion of manual workers in ex-smokers 
(56.6% vs. 46.5% in never-smokers) would over-estimate the risk 
of IHD in ex-smokers relative to never-smokers (Table 5-6). In 
contrast, the proportions of current smokers were strongly 
positively related to social class. Compared to current smokers, 
ex-smokers had a much greater proportion of non-manual workers 
(43.4% vs 29.9%) so that the risk of IHD in ex-smokers would 
relatively be under-estimated. Such an analysis assumes that it 
is sensible to adjust for social class. However, previous BRHS 
analysis [Pocock et al 1987] have demonstrated that the social 
class gradient of IHD risk is relatively small and that much of 
it can be explained by the major coronary risk factors, 
especially cigarette smoking.

5.6 Other risk factors

5.6.1 Bv main smoking groups

Ex-smokers The age-adjusted (using multiple regression
analyses) means of the important physical, biochemical and 
haematological measurements for four principal smoking groups at 
the initial screening are provided in Table 5-7. In terms of 
the risk of IHD, ex-smokers showed less favourable levels for 
systolic blood pressure (SBP) and diastolic blood pressure (DBP), 
body mass index (BMI), serum total cholesterol (CHOL), and total 
Bortner score (TBS) than current smokers. High density 
lipoprotein cholesterol (HDL-C) was higher and serum
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triglycerides (TRIG) was lower in ex-smokers than in current 
smokers. Compared to never-smokers, ex-smokers exhibited less 
favourable levels of all the variables. The difference in serum 
triglycerides between current and ex-smokers, and the differences 
in DBP, HDL-C, and Bortner score between never-smokers and ex
smokers were not statistically significant.

Current smokers Current smokers showed lower diastolic blood 
pressure, BMI, and total Bortner score than never-smokers. 
However, they had lower HDL-C, and higher SBP, serum total 
cholesterol and serum triglycerides, although the differences for 
systolic blood pressure and serum total cholesterol were not 
statistically significant. With respect to the two indicators 
of exposure to smoking, both blood cadmium concentration 
(Cadmium) and white cell counts (logWCC) are, as expected, 
greatest in current smokers, moderate in ex-smokers and lowest 
in never-smokers.

5.6.2 With years-since-quitting

Table 5-8 relates these variables to the years-since- 
quitting, compared with never-smokers. Overall, in terms of risk 
of IHD, men who gave up smoking most recently were least 
favourable with regard to all these variables except the Bortner 
score. As years-since-quitting increased, these variables were 
all changing towards beneficial levels for the ex-smokers, ie 
to the levels observed in never-smokers. In other words, the 
longer one had given up smoking, the more similar to never- 
smokers were in these variables the ex-smokers. Except for DBP 
and HDL-C, the age-adjusted trends of these factors with years- 
since-quitting were all statistically significant (P<0.05).

In particular, SBP and BMI showed a very slow decrease with 
years-since-quitting, and after 11-20 years-since-quitting the 
differences from never-smokers were still statistically 
significant (P<0.10). DBP took the similar pattern as SBP, 
though the differences from never-smokers were smaller and not
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statistically significant; The decline in serum total 
cholesterol and serum triglycerides with years-since-quitting was 
also marked. In contrast, an increasing trend (P=0.14) with 
years-since-quitting for total Bortner score was observed, and 
no trend for HDL-C. In addition, serum cadmium concentration and 
white cell counts fell steadily with years-since-quitting 
(P<0.001) .

These findings in Section 5.6 remained largely unchanged 
after excluding those with recall of doctor diagnoses of IHD, 
stroke, 'other heart trouble' or high blood pressure (Table 5- 
9, Table 5-10). The findings for serum total cholesterol are 
consistent with the Framingham data (Gordon 1975), where blood 
pressure and weight in ex-smokers were greater than in current 
smokers but not greater than in never-smokers.

5.7 Summary

There were important differences between smoking groups 
defined at the initial screening, both in the prevalence of pre
existing diseases and in the other risk factors. Thus ex-smokers 
who had stopped smoking in the 5 years before screening had the 
highest prevalence rates of definite IHD and had a generally 
adverse risk profile for other risk factors. Such differences 
are important in any prospective analyses for risk of IHD. 
Clearly, it is important to determine whether the factors 
involved are the cause of stopping smoking (eg having a heart 
attack) or are the result of stopping smoking (eg increased BMI 
in ex-smokers). It may be that some differences fall into both 
explanations. For example, some men may have stopped smoking 
because of a diagnosis of high blood pressure, while stopping 
smoking may itself raise blood pressure through weight gain. In 
order to distinguish between these different explanations we need 
to look prospectively at who stops smoking.
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Table 5-1 Age-Standardised Percentages (No. of Events) for 
Ischaemic Heart Disease at the Initial Screening, by Smoking Groups

Types Never Ex-Smokers(Quitting-Yrs) Secondary Current
of IHD__________ Smokers >20 11-20 6-10 0-5____P/C____Smokers
ECG-IHD

Possible IHD * 11.2
(172)

15.0 
( 66) (

12.0
67)

11.8 
( 51)

11.3 
( 68)

10.1 
( 62)

11.7
(373)

Definite MI 2.2
( 32)

2.0
( 11) (

2.0
11)

3.1 
( 14)

6.1
( 37)

2.8
( 17)

3.5
(113)

Questionnaire IHD 
Angina 4.4

( 68)
4.8 

( 28) (
3.9
22)

4.6
( 20)

4.4 
( 27)

6.2 
( 37)

5.6
(181)

Possible MI 6.7
(103)

6.7
( 37) (

7.0
39)

10.7
( 47)

13.0
( 77)

10.1
( 61)

10.0
(320)

Doctor-Diagnosed
Angina 1.6

( 23)
2.2

( 12) (
0.7
4)

1.6
( 7)

3.0
( 18)

2.6
( 16)

1.5
( 47)

MI 2.0
( 28)

1.6
( 11) (

2.6
15)

5.4
( 24)

9.0
( 54)

4.3
( 27)

3.8
(123)

Pre-existing IHD 
Possible $18.2

(287)
23.9 
(110) (

18.1
100)

21.1 
( 91)

16.6 
( 99)

20.8
(125)

20.8
(662)

Definite 3.6
( 50)

3.1
( 19) (

4.1
23)

6.8
( 30)

11.1
( 67)

5.2
( 32)

6.1
(195)

Notes: *, ECG possible IHD = possible + definite ischaemia + possible MI.
$, Possible pre-existing IHD = possible ECG-IHD + questionnaire IHD + 

doctor-diagnosed angina; Definite Pre-existing IHD = definite ECG-MI + definite 
doctor-diagnosed MI.
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Table 5-2 Age-Standardised Percentages (No. of Events) for 
Ischaemic Heart Disease at Initial Screening, by Smoking Groups 

in Those without Doctor-Diagnosed IHD

Never
Smokers

Ex-Smokers(Ouittina-Yrs) I 
>20 11-20 6-10 0-5

Secondary Current 
P/C Smokers

ECG-IHD
Possible IHD * 10.9 15.0 11.5 12.1 9.8 9.4 10.9

(163) ( 62) ( 61) ( 48) ( 50) ( 53) (328)

Definite MI 1.5 1.5 1.5 1.5 1.9 0.9 2.2
( 21) ( 7) ( 8) ( 6) ( 10) ( 5) ( 68)

Questionnaire
Angina 3.5 4.3 3.2 3.8 3.3 5.1 5.0

( 54) ( 23) ( 17) ( 15) ( 17) ( 28) (150)

Possible MI 4.7 4.4 4.9 6.7 5.5 6.4 6.7
( 73) ( 21) ( 26) ( 27) ( 28) ( 35) (203)

Pre-existing IHD $ 
Possible 17.3 22.5 18.1 21.2 16.4 19.4 20.5

(265) ( 98) ( 96) ( 84) ( 84) (108) (617)

Definite 1.5 1.5 1.5 1.5 1.9 0.9 2.2
( 21) ( 7) ( 8) ( 6) ( 10) ( 5) ( 68)

Notes: *, ECG possible IHD = possible + definite ischaemia + possible MI.
$, Possible pre-existing IHD = possible ECG-IHD + questionnaire IHD + 

doctor-diagnosed angina; Definite Pre-existing IHD = definite ECG-MI + definite 
doctor-diagnosed MI.
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Table 5-3 Age-Standardised Percentages (No. of Events) for the
IHD-Related and Smoking-Related Conditions by Smoking Groups

Never
Smokers

Ex-Smokers(Ouittina-Yrs) 
>20 11-20 6-10 0-5

Secondary Current 
P/C Smokers

IHD- Related Diseases

High Blood pressure
12.8 15.5 12.4 15.4 16.5 13.6 11.5
(188) ( 83) ( 70) ( 68) ( 98) ( 83) (369)

Diabetes
1.3 2.0 1.3 1.6 1.9 2.3 1.4

( 21) ( 12) ( 7) ( 7) ( 11) ( 14) ( 44)
Stroke

0.4 0.4 0.7 0.0 1.3 0.6 0.9
( 5) ( 3) ( 4) ( 0) ( 8) ( 4) ( 28)

Other Heart. Trouble
7.0 4.7 5.8 5.9 8.6 7.6 7.0

(108) ( 28) ( 32) ( 25) ( 50) ( 46) (224)

Smoking-Related Disease

Peptic Ulcer
5.6 8.0 10.1 13.3 10.2 12.1 13.5

( 90) ( 44) ( 56) ( 58) ( 61) ( 74) (433)
Asthma

4.4 5.6 4.4 5.7 4.7 3.1 2.6
( 74) ( 22) ( 24) ( 25) ( 28) ( 19) ( 84)

Bronchitis
13.0 15.0 13.9 16.7 24.0 18.7 21.1
(204) ( 78) ( 77) ( 73) (142) (115) (675)

Breathlessness
5.0 5.4 6.2 7.8 13.1 5.5 10.3

( 78) ( 30) ( 35) ( 35) ( 79) ( 34) (332)
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Table 5-4 Age-Standardised Percentages (No of Events) for the 
IHD-Related and Smoking-Related Disease by Smoking Groups, in

Men Free of Doctor-Diagnosed IHD

Never Ex-Smokers(Ouittina-Yrs) Secondary Current
Smokers >20 11-20 6-10____0-5

IHD-Related Diseases

High Blood pressure
12.1 14.1 12.1 14.5 14.7 12.0 10.7
(171) ( 72) ( 65) ( 58) ( 75) ( 68) (321)

Stroke
0.4 0.3 0.6 0.0 0.8 0.5 0.6

( 4) ( 2) ( 3) ( 0) ( 4) ( 3) ( 18)
Diabetes

1.2 1.9 9.4 1.2 1.4 2.5 1.4
( 19) ( 11) ( 5) ( 5) ( 7) ( 14) ( 41)

Other Heart Trouble
6.5 4.3 5.6 5.8 7.4 7.6 6.7

( 98) ( 24) ( 30) ( 23) ( 38) ( 42) (201)

Smoking-Related Diseases

Peptic Ulcer

Asthma

Bronchitis

Breathlessness

5.4 7.5 10.0 13.3 10.8 11.7 13.4
( 84) ( 38) ( 53) ( 53) ( 56) ( 65) (404)

4.3 5.7 4.5 5.9 5.3 3.2 2.7
( 71) ( 21) ( 24) ( 24) ( 27) ( 18) ( 81)

13.0 14.5 13.9 16.7 24.1 18.5 20.6
(196) ( 70) ( 74) ( 67) (122) (105) (619)

4.4 4.2 5.4 5.9 10.8 3.8 8.5
( 62) ( 20) ( 29) ( 24) ( 55) ( 22) (256)
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Table 5-5 Proportions (%) of Smoking Categories at the 
Initial Screening by Social Class

Social Smokincr Cateaories at Entrv

Classes
No. 

of Men
Never 

Smokers 1
Ex-
Smokers

Secondary Current 
P/C Smnlr<=»r\c?

I Professional 577 40.2 29.5 9.4 20.9

II Intermediate 1660 26.9 32.2 9.2 31.7

III Non-manual/clerical 693 25.5 26.6 10.8 37.1

III Skilled, manual 3270 17.3 27.5 7.2 48.0

IV Semi-skilled, manual 771 16.7 24.6 6.5 52.2

V Unskilled, manual 313 15.3 22.7 6.7 55.3

Non-manual workers 2930 29.2 30.3 9.6 30.9

Manual workers 4354 17.0 26.6 7.0 49.4

Notes: 14 unclassifiable and 226 of armed forces are excluded.
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Table 5-6 Distribution (%) of Social Classes by Smoking 
Categories at the Initial Screening

Social Smokincr Cateaories at Entrv

Classes
Never

Smokers
Ex-

Smokers
Secondary

P/C
Current
Smokers

Total No. 1598 2050 590 3046

I Professional 14.5 8.3 9.2 4.0

II Intermediate 27.9 26.1 25.9 17.3

III Non-manual/clerical 11.1 9.0 12.7 8.4

III Skilled, manual 35.4 43.9 30.2 51.4

IV Semi-skilled, manual 8.1 9.3 8.5 13.2

V Unskilled, manual 3.0 3.5 3.6 5.7

Non-manual workers 53.5 43.4 47.7 29.7

Manual workers 46.5 56.6 42.3 70.3

Notes: 14 unclassifiable and 226 of armed forces are excluded.
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Table 5-7 Age-Adjusted Mean (Standard Error/No.) for Other 
Risk Factors Measured at Entry by Four Smoking Groups

Other Risk Smokina Status at Initial Screenina
Factors Never Ex- Secondary Current

Smokers Smokers P/C Ciaarette

Age
Mean 48.75++++ 51.05 50.62+ 50.41++++

SE/No 0.14/1624 0.13/2108 0.24/607*** 0.10/3185****
SBP

Mean 144.38++++ 146.65 143.85+++ 144.61++++
SE/No 0.51/1622 0.45/2108 0.83/607NS 0.36/3180NS

DBP
Mean 82.96NS 83.39 82.32+ 81.08++++
SE/No 0.33/1621 0.29/2108 0.54/606NS 0.23/3180****

BMI
Mean 25.70++++ 26.06 25.53++++ 24.99++++
SE/No .080/1624 .070/2107 .130/607NS .057/3183****

CHOL
Mean 6.25+++ 6.37 6.27++ 6.28+++
SE/No .026/1618 .023/2097 .043/604NS .019/316INS

TRIG
Mean 1.919+++ 2.069 2.198+ 2.079NS

SE/No .040/1151 .034/1538 .063/455**** .027/2399****
HDL-C

Mean 1.173NS 1.164 1.129+++ 1.124++++
SE/No .007/1572 .006/2023 .011/584**** .005/3045****

TBS
Mean 96.23NS 96.80 94.57++ 91.38++++

SE/No 0.56/1234 0.49/1611 0.90/472NS 0.39/2485****

Cadmium
Mean 0.898++++ 1.107 1.685++++ 3.128++++

SE/No .034/1469 .030/1884 .055/551**** .024/2827****
logWCC

Mean 22.555++++ 22.592 22.674++++ 22.781++++
SE/No .006/1547 .005/2021 .009/572**** .004/3008****

Notes: i) + compared to ex-smokers; * compared to never-smokers:
NS not statistically significant at p=0.10;
+ p=<0.10, ++ p=<0.05, +++ p=<0.01, ++++ p=<0.001;
* p=<0.10, ** p=<0.05, *** p=<0.01, **** p=<0.001.

ii) Adjusted for age at 50 years.
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Table 5-8  Age-Adjusted Means (Standard Error/No.) for Other 
Risk Factors Measured at Entry, in Ex-smokers according to the

Years-Since-Quitting

Other Risk Never Ex-ciaarette Smokers I Years-s ince-au itt ina)
Factors Smokers >20 11-20 6-10 0-5

Age
Mean 48.75 52.67++ 50.69++ 50.69++ 50.67++
SE/No 0.143/1624 0.221/500 0.251/550 0.284/430 0.245/593

SBP
Mean 144.39 145.2INS 146.48** 148.19++ 147.17+
SE/No 0.512/1622 0.924/500 0.875/550 0.990/430 0.843/593

DBP
Mean 82.96 82.92NS 83.35NS 83.95NS 83.61NS
SE/No 0.537/1621 0.595/500 0.564/550 0.637/430 0.543/593

BMI
Mean 25.70 25.73NS 26.00* 26.30++ 26.28++
SE/No 0.080/1624 0.144/500 0.136/550 0.154/430 0.131/592

CHOL
Mean 6.255 6.279NS 6.316NS 6.378** 6.487++
SE/No .0261/1618 .0471/498 .0448/545 .0505/428 .0430/591

TRIG
Mean 1.919 1.961NS 1.989NS 2.034NS 2.276++
SE/No .0396/1151 .0690/348 .0666/406 .0756/315 .0659/415

HDL-C
Mean 1.173 1.158NS 1.173NS 1.182NS 1.148**
SE/No .0067/1572 .0121/490 .0116/523 .0131/409 .0111/569

TBS
Mean 96.23 97.74NS 97.90NS 96.20NS 95.45NS
SE/No 0.557/1234 0.996/390 0.948/424 1.064/337 0.930/441

Cadmium
Mean 0.900 0.917NS 0.978NS 1.211++ 1.293++
SE/No .0330/1469 .0601/445 .0564/497 .0643/383 .0548/527

logWCC
Mean 22.556 22.571NS 22.586+ 22.584** 22.618++
SE/No .0057/1547 .0101/484 .0096/529 .0109/408 .0093/567

Notes: i) Compared to never-smokers:
NS not statistically significant at p=<0.10, 
* p=<0.10, ** p=<0.05,
+ p=<0.01, ++ p=<0.001.

ii) Adjusted for age at 50 years.
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Table 5-9 Age-Adjusted Mean (Standard Error/No.) for Other 
Risk Factors Measured at Entry by Four Smoking Groups, in Men 
Free of Doctor-Diagnosed IHD, Stroke, Other Heart Trouble and 

Hypertension at the Initial Screening

Other
Risk
Factors

Smokina Status at Initial Screenino
Never

Smokers
Ex-

Smokers
Secondary

P/C
Current

Ciaarette
Age

Mean 48.29++++ 50.48 50.29NS 50.02++++
SE/No 0.16/1316 0.14/1591 0.27/462**** 0.11/2520****

SBP
Mean 142.19++++ 145.09 142.11+++ 142.79++++
SE/No 0.53/1315 0.48/1591 0.89/462NS 0.38/256 INS

DBP
Mean 81.87NS 82.31 80.99++ 79.90++++
SE/No 0.35/1315 0.31/1591 0.58/46INS 0.25/2516****

BMI
Mean 25.55+++ 25.88 25.34++++ 24.79++++
SE/No .086/1316 .077/1590 .144/462NS .061/2520****

CHOL
Mean 6.26NS 6.32 6.21++ 6.25++
SE/No .029/1311 .026/1583 .048/460NS .021/2985NS

TRIG
Mean 1.895NS 1.990 2•146++ 2.037NS

SE/No .044/ 922 .039/1156 .071/345*** .030/1895***
HDL-C

Mean 1.18INS 1.171 1.134+++ 1.127++++
SE/No .0074/1272 .0067/1531 .0123/448**** .0053/2410****

TBS
Mean 96.22NS 96.07 93.81++ 90.87++++

SE/No 0.62/1205 0.56/ 992 1.02/357++ 0.44/1962****

Cadmium
Mean 0.914++++ 1.080 1.733++++ 3.131++++
SE/No .0385/1184 .0345/1417 .0636/415**** .0274/2233****

logWCC
Mean 22.551++++ 22.583 22.677++++ 22.779++++

SE/No .0063/1249 .0057/1524 .0106/436**** .0046/2371****

Notes: i) + compared to ex-smokers; * compared to never-smokers:
NS not statistically significant at p=0.10;
+ p=<0.10, ++ p=<0.05, +++ p=<0.01, ++++ p=<0.001;
* p=<0.10, ** p=<0.05, *** p=<0.01, **** p=<0.001.

ii) Adjusted for age at 50 years.
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Table 5-10 Age-Adjusted Means (Standard Error/No.) for Other 
Risk Factors Measured at Entry, in Ex-smokers according to the 

Years-Since-Quitting, in Men Free of Doctor Diagnosed IHD, 
Stroke, Other Heart Trouble and Hypertension at Entry

Other Risk Never Ex-Smokers (Years-since-Ouittinal
Factors Smokers >20 11-20 6-10 0-5
Age

Mean 48.29 52.28++++ 50.21++++ 50.05++++ 49.55++++
SE/No 0.16/1316 0.29/387 0.27/442 0.31/325 0.28/415

SBP
Mean 142.39 143.45NS 144.73++ 146.76++++ 145.67+++
SE/No 0.54/1315 0.9v/387 0.91/442 1.07/325 0.94/415

DBP
Mean 82.00 81.68NS 82.41NS 82.70NS 82.50NS
SE/No 0.36/1315 0.65/387 0.60/442 0.70/325 0.62/415

BMI
Mean 25.61 25.48NS 25.86NS 26.22++++ 26.00++
SE/No 0.084/1316 0.153/387 0.142/442 01.165/325 C1.147/414

CHOL
Mean 6.28 6.22NS 6.29NS 6.34NS 6.43+++
SE/No .028/1311 .052/385 .048/439 .056/323 .049/414

TRIG
Mean 1.91 1.90NS 1.96NS 1.96NS 2.12+++
SE/No .039/ 922 .070/297 .065/327 .076/241 .070/282

HDL-C
Mean 1.179 1.162NS 1.177NS 1.188NS 1.163NS
SE/NO .0073/1272 .0127/381 .0146/422 0123/308 0131/400

TBS
Mean 96.21 97.47+ 96.74NS 95.20NS 94.80NS
SE/No 0.62/ 992 1.12/297 1.03/343 1.19/258 1.11/296

Cadmium
Mean 0.925 0.921NS 0.967NS 1.185++++ 1.259++++
SE/No 0.027/1184 0.050/346 0.046/401 0.054/287 0.048/362

logWCC
Mean 22.56 22.55NS 22.59+++ 22.58NS 22.61++++
SE/No .0062/1249 .0111/375 .0103/427 .0122/308 .0108/394

Notes: i) Compared to never-smokers:
NS not statistically significant at p=<0.10, 
+ p=<0.10, ++ p=<0.05,

+++ p=<0.01, ++++ p=<0.001.
ii) Adjusted for age at 50 years.
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6.0 Abstract

1. Cross-sectional data have suggested that some cigarette 
smokers may have given up smoking due to the development of IHD 
or other conditions. In this chapter, I intend to examine the 
characteristics of the current cigarette smokers who give up 
smoking during the five years after the screening.

2. Pre-existing IHD at the initial screening did not predict 
later giving up. However, doctor diagnosis of a heart attack or 
the occurrence of a major non-fatal IHD event in the first five 
years of follow-up were related to two and three fold increase 
in the number of people giving-up respectively at five years. 
Doctor diagnosis of hypertension and asthma prior to entry, and 
doctor diagnosis of hypertension, stroke, 'other heart trouble' 
and asthma in the five years of follow-up were both related to 
about a 60% increase in later giving-up.

3. Of non-manual workers who currently smoked cigarettes at 
entry 26% stopped smoking at five years compared to 21% of manual 
workers.

4. Current cigarette smokers at entry who quit smoking within 
the first five years of follow-up showed no differences at the 
initial screening in pre-existing IHD and doctor diagnosis of 
IHD-related and smoking-related conditions from those who 
continued to smoke. After excluding men who at five years 
recalled a new doctor diagnosis of a heart attack or 
hypertension, other coronary risk factors measured at entry were 
essentially similar between these two groups. However, those who 
quit gained more weight in the five years than any other smoking 
group.

5. These results suggest that the differences observed between 
ex-smokers and current smokers defined at entry may largely be 
attributed to some smokers giving up smoking due to recent doctor 
diagnosis of a heart attack or hypertension. Excluding those who 
had such diseases at entry in prospective analyses is suggested.
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6.1 Introduction

Some light on selection in giving up smoking has arisen from 
the substantial differences in the prevalence of IHD and in many 
potential confounders observed between ex-smokers and current 
smokers at the initial screening. This chapter will elaborate 
on the question of who gives up smoking based on prospective 
data. The reasons for this are: (i) that it is important to 
understand the factors which predict which men will stop smoking 
for purposes of disease prevention ie what kind of smokers are 
most likely to be influenced to give up; (ii) in order to obtain 
unbiased estimates of risk of IHD in men who have stopped smoking 
it is important to understand which factors cause people to stop 
smoking and which are altered as a result of the act of giving- 
up. Factors which differentiate between those who give up and 
those who continue smoking before stopping need to be carefully 
controlled for. Differences which emerge after stopping smoking 
are the result of selection in stopping smoking or the act of 
stopping and should not be adjusted for. The comparison of 
continuing smokers with those who stopped at five years is 
presented in Section 6.5.

The analyses in this chapter will be restricted to the 3,185 
men who currently smoked cigarettes (current smokers) at the 
initial screening. Of 3,185 current smokers at entry, 2,918 had 
available information on smoking at both examinations. At five 
years, 640 had stopped smoking altogether, 116 had switched to 
smoke pipe/cigars and 2,163 continued to smoke cigarettes. Those 
who stopped smoking completely are considered as quitters and 
those who continued to smoke cigarettes as persisters. Thus, in 
6.2, 6.3 and 6.4, we divide the current smokers defined at entry 
according to pre-existing diseases, social class, occurrence of 
the diseases during the five years following the initial 
screening in order to examine smoking status at five years. The 
other major risk factors for IHD, though may also be important 
in predicting which smokers will give up, and will be treated 
separately in Section 6.5. Quitters and persisters are defined
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first and then they are compared in respect of pre-existing IHD 
and risk factors. This will leads to determine between giving 
up smoking is the cause and the consequence of the differences 
between former and current smokers. With a view to testing the 
procedure, some variables which are clearly not related to 
stopping smoking or to the risk of IHD in the BRHS data are 
included.

6.2 Ischaemic Heart Disease

6.2.1 Pre-existing IHD

Proportions of those who had given up smoking cigarettes at 
five years according to different types of pre-existing IHD at 
entry are given in Table 6-1. In brief, those with IHD at entry 
did not appear to be more likely to give up smoking cigarettes 
at five years than those free of it. Of the men with definite 
IHD 20.6% subsequently stopped smoking cigarettes, compared with 
23.2% of those free of the disease. Men with different types of 
IHD behaved very similarly; pre-existing IHD does not predict 
giving up smoking.

This seemed to conflict with the cross-sectional data in 
which ex-smokers had higher prevalence rates of pre-existing IHD. 
However, one may imagine that those who are likely to give up 
may do so soon after they develop an IHD, and those who have not 
given up smoking in a period of time after the disease (eg most 
of the prevalent cases in the study) may be well unlikely to give 
up any time later. If this is true, we would expect that men who 
recently developed the disease (eg within five years) would be 
more likely to stop smoking.

6.2.2 New IHD event

The same issue is re-examined in Table 6-2 and the 
percentage of giving up at five years is related to whether they
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were found to have any evidence for IHD in the same period of 
time. The rates of men who quit smoking at 5 years were 34.5% in 
men with a questionnaire MI and 46.5% in men with a doctor 
diagnosed MI at entry, compared with 20% in men without the 
evidence of IHD. Development of a new major IHD over the 5-years 
was most strongly related to later quitting. Thus 63.3% of men 
who developed a new major IHD had quit at 5 years. However, a new 
major IHD is not related to later switching to pipe/cigars (not 
shown in the table).

In addition, of those 56 who developed a major IHD and 
stopped smoking, 49 were also told to have an IHD by a doctor. 
The seven who were not recognised by a doctor are believed to 
have been informed of their IHD by the BRHS study. Further, 
excluding doctor diagnosis of IHD questionnaire IHD is no more 
predictive of giving-up. Therefore, the results confirm that 
it is doctor diagnosis of IHD or awareness of their IHD that 
renders people more likely to stop smoking. Although development 
of IHD only accounted for some 10% of those who gave up, this 
selection would possibly render ex-smokers most predisposed to 
IHD than any other reasons.

6.3 IHD-related and smoking-related conditions

6.3.1 IHD-related conditions

Doctor diagnosis of IHD-related diseases at entry Men
recalling a doctor diagnosis of IHD-related diseases at the 
initial screening, regardless of the status at five years, showed 
similar (slightly lower) proportions of quitters to men claiming 
to be free of these diseases, except for high blood pressure 
(Table 6-3). 28.6% of men recalling a doctor diagnosis of high
blood pressure stopped smoking cigarettes, compared to 21.0% in 
men free of recall of high blood pressure.
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Doctor diagnosis of IHD-related diseases at five years Men 
reporting doctor diagnosis of these diseases at five years except 
for diabetes, were be more likely to give up smoking than those 
who did not. The proportions of quitters are 32.1%, 36.8% and 
42.8% in men with high blood pressure, stroke and 'other heart 
trouble' respectively, compared with some 21.0% in men free of 
these diseases. These results persisted after excluding those 
with a major IHD events in the five years (Table 6-3).

6.3.2 Smokina-related conditions

For smoking-related conditions, only asthma was found to 
be related to giving up (Table 6-3). 32.5% of men with asthma
at entry or at five years stopped smoking, compared with 21.7% 
of men free of asthma. Both pre-existing and new peptic ulcer 
and bronchitis did not predict giving-up. Men with
breathlessness at entry behaved very similarly to men with 
bronchitis, but no data on breathlessness were available at five 
years, though recent breathlessness may well likely predict 
giving up. As in Section 6.3.1, the results for asthma are 
independent of the development of major IHD events.

In Table 6-3, we also can see when new major IHD events are 
taken into account, pre-existing high blood pressure were no 
longer predictive of giving-up at five years.

6.3.3 Summary for 6.2 and 6.3

The development of a new major IHD event and recent doctor 
diagnosis of high blood pressure, stroke, 'other heart trouble' 
and asthma are significantly related to giving-up smoking. Major 
IHD and doctor diagnosis of high blood pressure seem to singled 
out as two most important factors in the prospective analyses. 
One reason is that they are major predictors of new IHD in the 
BRHS data while the other factors are not; second, both explained 
selective process of giving-up more than the other three diseases 
put together. Of the 209 men (33% of the quitters) who were
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found to have at least one of the five diseases, 162 (78%) had 
occurrence of major IHD or claimed doctor diagnosis of high blood 
pressure.

It is noteworthy that the BRHS data could not distinguish 
which took place first: occurrence of a new major IHD event or 
stopping smoking? However, no matter which comes first, it would 
have similar influence on the estimate of IHD risk: over
estimation of the IHD risk in those who give up smoking.

6.4 Social class

In Table 6-4, we see a relationship between the proportions 
of men who gave up and switched to pipe or cigars and social 
class, which in general confirmed the cross-sectional data. Men 
of higher social class were more likely to have given up smoking 
or switched to pipe or cigars at five years. 26% of non-manual 
workers had given up smoking at five years compared to 21% of 
manual workers. 6% of non-manual workers switched to smoke a 
pipe or cigars, compared to 3% of manual workers.

6.5 Characteristics of quitters and persisters before stopping
smoking cigarettes

6.5.1 Introduction

In this section, the quitters and persisters are compared 
retrospectively to see whether the prevalence rates of pre
existing IHD, IHD/smoking-related conditions and the other risk 
factors are different before they gave up smoking (ie at entry). 
This is based on the assumption that similarity in these factors 
prior to quitting between quitters and persisters strengthens the 
conclusion that only the very recent development of a disease 
makes smokers more liable to give up. Consequently, excluding
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the men who recently developed the diseases is preferable in risk 
analyses. Alternatively, it may suggest the differences between 
ex-smokers and current smokers at entry, particularly in some 
risk factors, may be due to the act of quitting smoking. In 
other words, the differences were the result of giving up, which 
would not justify any attempts to remove their effects. 
Otherwise, if differences prior to giving up were observed, these 
differences should be taken into account when comparing the risk 
in the current and ex-smokers as defined at entry.

6.5.2 IHD and IHD/smoking-related conditions

Ischaemic heart disease Those who gave up smoking at five 
years showed no increase in prevalence rates of pre-existing IHD 
compared to those who continued to smoke (Table 6-5). Although 
persisters showed, in contrast to cross-sectional data, a 
slightly greater prevalence of possible pre-existing IHD than 
quitters, the two groups showed no differences in definite pre
existing IHD. Dividing the pre-existing IHD into three types, 
the difference for the possible pre-existing IHD was mainly 
ascribable to ECG-IHD.

IHD/smoking-related diseases So far as IHD-related and
smoking-related diseases are concerned, quitters exhibited 
marginally higher proportions of high blood pressure and asthma, 
but lower proportions of stroke, 'other heart trouble', diabetes 
and peptic ulcer. The differences were generally of very small 
magnitude (Table 6-6). No differences were observed for 
bronchitis and breathlessness.

Conclusion The implication of the results is that the
increased prevalence rates of these diseases in ex-smokers were 
the consequence of selected giving-up due to these diseases. 
Excluding men with recall of doctor diagnosis of IHD and of high 
blood pressure is recommended in prospective analyses of IHD 
risk.
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6.5.3 Other risk factors

Differences observed In contrast to the pre-existing diseases 
prior to giving up smoking, the quitters had already exhibited 
less favourable levels for most coronary risk factors compared 
to persisters (Table 6-7). The quitters were slightly older and 
had higher systolic and diastolic blood pressure, body mass 
index, serum total cholesterol, serum triglycerides, Bortner 
Score, and had lower concentrations of high density lipoprotein 
cholesterol. Though the differences in systolic blood pressure 
and serum triglycerides were not statistically significant. In 
contrast, the increased white cell counts and blood cadmium 
concentrations, which are related to the intensity of cigarettes 
smoking, indicated that quitters may have smoked fewer cigarettes 
and inhaled less than persisters. This is in agreement with the 
cross-sectional analyses in Section 4.4.2

Effects of selection in giving-up We have already found that 
men who recently developed a heart attack or recalled a doctor 
diagnosis of hypertension were more likely to stop smoking. It 
is therefore of interest to examine whether the adverse levels 
of coronary risk factors are still found in those who quit when 
men with a recall of a doctor diagnosis of IHD or hypertension 
at five years are excluded from the analyses. The reason for 
this exclusion is that those who developed a heart attack or 
recalled a doctor diagnosis of hypertension in the first five 
years of follow-up may have already been at higher levels for 
these factors. After the exclusion in Table 6-8, the higher 
systolic and diastolic blood pressure in ex-smokers disappeared; 
the differences in body mass index, serum total cholesterol, 
triglycerides and HDL-C were remarkably reduced; and only the 
differences in Bortner score, cadmium and white cell counts 
remained largely the same. In short, the differences either 
disappeared or fell to a non-significant level after exclusion, 
suggesting that the differences in the other risk factors found 
between ex-smokers and current smokers at entry may well be the 
results of selection in stopping smoking.
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Effects of the act of giving u p  The finding that the other 
risk factors were similar before ex-smokers stopped smoking and 
higher than persisters after that may be explained by the 
selection in stopping smoking. It may also be possible that at 
least part of these raised factors occurred after stopping 
smoking. In other words, the act of giving up smoking may lead 
to the changes in these factors. However, we have no data 
available for most of these factors at five years to allow us to 
answer question directly. The only factor with which we could 
make some progress is weight. Table 6-9 compares the weight 
measured at the initial screening and the self reported weight 
at five years. Every one gained weight in the five years. 
Quitters gained 3.5 kg compared to persisters' 1.3 kg, ex
smokers' 0.4 kg and never-smokers' 0.5 kg in the five years. The 
changes in weight may in turn be responsible for some of the 
differences in blood pressure.

6.5.4 Summary

Similar prevalence rates of pre-existing diseases are 
observed between quitters and persisters before quitters had 
given up and this is expected if they stopped smoking due to the 
development of the diseases. However, differences in other risk 
factors are seen, and most of the differences may be explained 
by selective process in giving-up, but part of the differences 
in the factors such BMI and blood pressure may resulted from the 
change in weight after giving-up.

6.6 Summary

There is good evidence that a recent doctor diagnosis of IHD 
or of high blood pressure markedly increase the probability that 
a man will quit smoking cigarettes. This selection of the least 
fit (ie these at high risk) argues strongly for any analyses of 
IHD risk in ex-smokers to exclude such men. The exclusion of
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men with recall of doctor diagnosis of IHD is, however, not 
straightforward in that it is likely to over-reduce the risk in 
ex-smokers compared to never-smokers in that any IHD developed 
as a result of smoking should not be excluded unless the 
development of that disease led to a person to stop.

As to other risk factors, the increased levels in ex-smokers 
compared to current smokers at entry may partly be explained by 
the selection in stopping smoking. There is also good evidence 
that blood pressure may increase in men who stop smoking due to 
weight gain. In either case, the rise in these factors should 
not be adjusted for (if in the former situation exclusion of men 
who selectively stopped smoking is made).
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Table 6*1 Age-Standardised Percentages of Current Smokers 
at Entry Who Stopped Smoking at Five Years, in Relation to 

Pre-existing Ischaemic Heart Disease at Entry

Types 
of IHD

Number 
of Men

Number 
of Ouitters

Percentage 
of emitters

ECG-IHD
Possible IHD 1 93 54 16.3
Definite MI 325 13 14.1
Free of both 2508 573 23.0

Questionnaire IHD
Angina 153 31 19.5
MI 289 71 20.9
Free of both 2481 537 21.8

Doctor-Diagnosed IHD
Angina 38 6 14.7
MI 100 30 25.0
Free of both 2784 603 21.7

2Pre-existing IHD
Possible 595 105 17.7
Definite 160 37 20.6
Free of both 2162 497 23.2

Notes: (1) Possible ECG IHD = possible + definite ischaemia + possible MI. (2) 
Pre-existing IHD, 'possible' = possible ECG-IHD + questionnaire IHD + doctor- 
diagnosed angina; 'definite' = definite ECG-MI + definite doctor-diagnosed 
MI.
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Table 6-2 Age-Standardised Percentages of Current Smokers 
at Entry Who Stopped Smoking at Five Years, in Relation to 

Development of the New IHD at Five Years

Types 
of IHD

Number 
of men

Number 
of emitters

Percentage 
of auitters

Questionnaire IHD *
Angina 292 60 23.9
MI 232 100 34.5
Free of both 2404 480 20.1

Doctor-Diagnosed IHD
Angina 90 27 27.5
MI 191 88 46.5
Free of both 2647 525 20.0

New Major IHD Event
IHD 91 56 63.3
Non-IHD 2837 584 20.6

Notes: *. Angina = pain or discomfort produced when walk uphill or hurry, or
at an ordinary pace on the level; Myocardial Infarction = severe pain for 
which a doctor had been seen.
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Table 6-3 Age-Standardised Proportions of Current Smokers 
at Entry Who Stopped Smoking at Five Years, in Relation to 

IHD/smoking-Related Diseases at Entry and at Five Years

IHD/smoking At Entrv At Five Years
Related No Yes No Yes
Diseases NO. % No. % No. % No. %

IHD -related Diseases

Hypertens ion 545 21.0 95 28.6 516 20.4 124 32.1
(500 19.8 84 27.0 478 19.4 106 29.8)

Diabetes 633 22.0 7 17.8 626 21.9 14 22.6

Stroke 636 21.9 4 13.6 614 21.5 26 36.8
(562 20.3 22 33.1)

OHT 603 22.2 37 17.6 608 21.4 32 42.8
(555 20.1 29 39.7)

Smoking-related Diseases

Peptic Ulcer 559 22.2 81 20.4 599 22.0 41 21.0

Asthma 616 21.7 24 32.5 614 21.6 26 32.7
(561 20.4 23 31.6 558 20.3 26 32.7)

Bronchitis 507 21.9 133 22.2 544 22.6 96 19.0

Breathlessness 575 21.9 63 21.0 --- --- — ---

Notes: Figures in brackets are ones after excluding men with major IHD events.
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Table 6-4 Distribution (Age-standardised %) of Smoking Status 
at Five Years by Social Class, in Current Smokers at Entry Only

Social

Classes
No.

of Men

Smokina Cateaories (%) 
Non- P/C Cigarette 

Smokers Smokers Smokers

I Professional 113 21.3 5.3 73.4

II Intermediate 496 26.9 6.9 66.2

III Non-manual/clerical 241 25.7 4.4 69.9

III Skilled, manual 1433 22.0 3.5 74.6

IV Semi-skilled, manual 358 16.1 1.9 81.9

V Unskilled, manual 161 18.1 1.8 80.1

Non-Manual workers 850 25.8 5.9 68.3

Manual workers 1952 20.5 3.1 76.4

Notes: 14 unclassifiable and 226 of armed forces are excluded.
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Table 6-5 Age-standardised Proportions of Ischaemic Heart 
Disease at Entry between Quitters and Persisters

Diseases Smoking Status at Five Years 1
at Entry Ouitters Persisters

No 2 % No 2 %

ECG-IHD
Possible IHD 54 8.5 255 12.3
Definite MI 13 2.2 78 4.1
Either of above 67 10.3 333 15.4

Questionnaire
Angina 31 4.7 120 5.5
MI 71 10.9 210 9.7
Either of above 102 15.6 330 15.2

Doctor Diagnosed
Angina 6 0.9 32 1.5
MI 30 4.4 69 3.2
Either of above 36 5.3 101 4.7

Pre-existing IHD
Possible 105 16.4 467 21.6
Definite 37 5.5 121 5.6
Either of above 142 21.8 588 27.1

Notes: 1) Men who switched to smoking a pipe or cigars are excluded. 
2) Number of events.
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Table 6-6 Age-standardised Proportions of IHD/Smoking Related 
Diseases at Entry between Quitters and Persisters

Diseases Smoking Status at Five Years 1
at Entry Non-smokina 

No 2 %
Ciaarette 
No 2

smokina
%

IHD-Related Diseases

Hypertens ion 95 32.4 211 30.1

Stroke 4 0.6 17 0.8

Other Heart Trouble 37 5.6 149 6.9

Diabetes 7 1.1 30 1.4

Smoking-Related Diseases

Asthma 24 3.8 48 2.2

Peptic ulcer 81 12.4 299 13.8

Bronchitis 133 20.5 451 20.8

Breathlessness 134 20.4 450 20.8

Notes: 1) Men who switched to smoking a pipe or cigars are excluded. 
2) Number of events.



CHAPTER 6: WHO GIVES UP SMOKING?: PROSPECTIVE APPROACH page 152

Table 6-7 Age-Adjusted Means (Standard Error/No) of 
Other Risk Factors at Entry between Quitters and Persisters

Risk Never Ex- At 5 Year (Current Smokers Onlv)
Factors Smokers Smokers Ouitters p/c Persisters

Age
Mean
SE/No

48.75**
0.143/1624

51.05NS
0.126/2108

50.83
0.228/640

49.58++
0.489/116

50.16NS
0.121/2172

SBP
Mean
SE/No

144.37NS
.5076/1622

146.66NS
.4451/2108

145.66
.8051/639

144.14NS
1.888/116

144.33NS
.4368/2168

DBP
Mean
SE/No

82.96+
.3281/1621

83.39++
.2876/2108

81.92
.5203/639

81.08NS
1.220/116

80.77++
.2823/2168

BMI
Mean
SE/No

25.70*
.0792/1624

26.06**
.0695/2107

25.24
.1257/640

25.62NS
.2949/116

24.90++
.0682/2171

CHOL
Mean
SE/No

6.255++
.0259/1618

6.367NS
.0228/2097

6.366
.0411/638

6.361NS
.0968/115

6.259++
.0224/2154

TRIG
Mean
SE/No

1.919*
.0397/1151

2.069NS
.0345/1538

2.126
.0608/490

2.202NS 
.1484/ 82

2.084NS 
.0333/1627

HDL-C
Mean
SE/No

1.173**
.0067/1572

1.164**
.0059/2023

1.109
.0106/619

1.082NS
.0254/107

1.130+
.0058/2071

TBS
Mean
SE/No

96.24*
0.556/1234

96.78**
0.488/1611

92.91
0.865/508

93.25NS 
2.099/ 86

91.08+
0.475/1681

Cadmium
Mean
SE/No

0.897**
.0336/1469

1.107**
.0296/1884

2.814
.0529/588

2.890NS
.1262/103

3.234**
.0293/1908

Log(WCC)
Mean
SE/No

22.556**
.0057/1547

22.592**
.0049/2021

22.743
.0090/603

22.776NS
.0211/110

22.790**
.0049/2052

Notes: i) Compared to the current smokers who gave up at five years:
NS not statistically significant at p<0.10,
+ p<0.10, ++ p<0.05, * p<0.01, ** p<0.001.

ii) Adjusted for age at 50 years.
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Table 6-8 Age-Adjusted Means (Standard Error) of Other Risk 
Factors at Entry between Quitters and Persisters, in Men Free of 
Doctor Diagnosis of IHD and High Blood Pressure at Five Years

Risk
Factors

Never
Smokers

Ex-
Smokers

At 5 Years (Current Smokers 1 
Quitters Persisters

SBP 140. 49 + 0.49N 142.85+0.46* 140 . 85±0.84N 141.28+0.41

DBP 80.58+0.32# 81.07+0.30# 78.83i0.55N 79.01+0.27

BMI 25.38+0.085# 25.74+0.079# 24.88+0.146N 24.70+0.072

CHOL 6.22+0.028N 6.31+0.026* 6.26+0.049N 6.22+0.024

TRIG 1.865+0.045* 1.981 + 0.041N 2 . 028 + 0.074N 2.038+0.036

AHDL 1.184±0.007# 1.176+0.007# 1.115 + 0.012N 1.131+0.006

TBS 96.42+0.62# 96.46+0.57# 93.14+1.04N 91.10+0.51

Cadmium 0.901+0.038# 1.078+0.035# 2.762+0.064# 3 . 229±0.032

LWCC 22.55+0.006# 22.58+0.006# 22.73+0.011# 22 . 79±0.005

Notes: 1) +, P<0.05; *, P<0.01; #, P<0.001; N, not significant (P>0.05),
compared to persisters. 2) Men who switched to smoking pipe/cigars are 
excluded.



CHAPTER 6 i WHO GIVES UP SMOKING?: PROSPECTIVE APPROACH page 154

Table 6-9 Age-Adjusted Differences in Weight (kg) Measured 
at Entry (W1) and the Self-Reported Weight in the Fifth-Year

Questionnaire (W5)

Smoking Categories 
at Screenina

Number 
of Men

W5-W1 SE P Value’

1) Never-Smoker 1565 0.48 0.21 0.0001

2) Ex-smokers 1982 0.39 0.18 0.0001

3) Secondary P/C 577 0.74 0.34 0.0001

4) Current Smokers 
(Status at Five Years) 

Quitters 640 3.39 0.32
P/C 116 1.65 0.75 0.0333
Persisters 2171 1.31 0.18 0.0001

Notes: *, Compared to quitters, current smokers at entry who gave up 
smoking at five years.
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7.0 Abstract

1. In the BRHS men, the age-adjusted incidence of major IHD events 
relative to never-smokers was 1.6, 2.2 and 2.4 in ex-cigarette, 
secondary P/C and current cigarette smokers respectively. Primary 
P/C smokers seemed to carry no extra risk of IHD (RR=0.7).
2. The BRHS data do not suggest a differential role of smoking in 
the development of fatal and non-fatal IHD and further analyses 
will not distinguish between them.
3. Amongst men who had previously had a heart attack, cigarette 
smoking is an important risk factor for recurrence. Current 
cigarette smokers who had quit at five years showed an absolute 
risk of 7.8 per 1,000 persons per year in the following three 
years, compared to 10.7 in those who continued to smoke and 5.6 in 
never-smokers.
4. There was evidence that the relative risk of IHD diminished 
with increasing duration of follow-up especially during years 7-8. 
However, the effect on the cumulative risk estimates were small and 
it seems reasonable to assume a constant RR over the 8 years in the 
analyses and thus to fit logistic models.
5. As expected, excluding men with doctor diagnosis of IHD at 
entry reduced the relative risk (RR) in ex-smokers to 1.4 and 
excluding men with doctor diagnosis of hypertension alone, 
increased the RR to 1.7. Surprisingly, the greatest influence on 
the RR was seen when only breathlessness was excluded (RR=1.3). 
All these exclusions made little difference in the RRs for 
secondary P/C and current cigarette smokers. Exclusion of men with 
other IHD-related and smoking-related conditions made no 
significant changes to the RRs.
6. Exclusion of men with doctor diagnosis of IHD and adjustment 
for age, systolic blood pressure and serum total cholesterol 
further reduced the RR in ex-smokers to 1.3 (95% confidence limits 
0.9-1.8). Such adjustment made no changes to the RRs in secondary 
P/C (RR=2.2, 95% confidence limits 1.4-3.6) and current cigarette 
smokers (RR=2.4, 95% confidence limits 1.7-3.4). Further exclusion 
of men with breathlessness reduced the RR in ex-smokers to 1.1 (95% 
CL 0.7-1.7) .
7. These results suggest that in order to avoid UA^4estimation of 
the effects of stopping cigarette smoking, men with a doctor 
diagnosis of IHD should be excluded, and age, systolic blood 
pressure and serum total cholesterol be adjusted for. It may also 
be necessary to consider the effect of excluding men with moderate 
or severe breathlessness at entry.
8. The RRs in ex-smokers and current smokers with systolic blood 
pressure under 150 mmHg were nearly double those in men with blood 
pressure above 150. In contrast, a slightly greater relative risk 
was observed in smokers who had greater concentration of total 
serum cholesterol. This helps to explain why the exclusion of men 
with recall of hypertension increased the RR in ex-smokers.
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Thus far, the cross-sectional data from the initial 
screening and the fifth-year questionnaire have been examined as 
to the comparability of the smoking groups in potential 
confounding factors at the screening, changes in smoking habits 
at five years and characteristics of those who subsequently gave 
up smoking cigarettes. From this chapter onward, the focus of 
analyses will move to the eight-year follow-up for the occurrence 
of major IHD events. The eight smoking groups defined at the 
initial screening are related to the prospective risk of IHD over 
the eight-year follow-up to provide an overall risk pattern among 
men with different smoking habits. The ex-smokers will be 
treated as one group. The effect of giving up smoking, 
particularly according the years-since-quitting, on the 
prospective risk of IHD is of primary interest and will be 
examined in Chapter 8.

The new IHD events are examined to see whether cigarette 
smoking plays a different role in the occurrence of fatal and 
non-fatal IHD events, and to see the effect of smoking among men 
who have already had a heart attack. The influence of other pre
existing conditions, changes in smoking habits, and length of 
follow-up on the evaluation of the association of smoking with 
IHD are also examined. Emphasis is placed on the influence of 
pre-existing doctor diagnosed IHD and other major risk factors 
on the prospective estimate of the relative risk of IHD among ex
smokers. Finally, interaction of smoking with other risk factors 
such as blood pressure and serum total cholesterol is briefly 
examined and discussed.

7.2 Tobacco smoking and the risk of IHD

7.2.1 Eight smoking groups and the risk of IHD

Table 7-1 compares the risk of a major IHD event between the
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eight smoking categories defined at the initial screening over 
the eight-year follow-up. Overall, tobacco smokers (except for 
primary pipe/cigar smokers) showed an elevated risk of developing 
a heart attack compared to never-smokers. The age-adjusted risk 
for ex-smokers, who on average had given up smoking for 13 years 
prior to the initial screening, was 1.56 that of the never- 
smokers. Although no raised risk was evident in primary 
pipe/cigars smokers, secondary pipe/cigars smokers experienced 
a risk which was 2.24 times that in never-smokers, and was 
similar to that in current cigarette smokers. Current cigarette 
smokers had a rate 2.40 times that in never-smokers. No clear 
trend of rising risk with the number of cigarettes smoked per day 
was observed. The risk pattern is more clearly shown in Figure 
7-1, where primary pipe/cigars smokers are excluded since the 
confidence limits would be wide for such a small group.

7.2.2 Fatal and non-fatal IHD

Most longitudinal studies of ischaemic heart disease are 
based on mortality follow-up [Kahn 1966, Hammond & Garfinkel 
1969, Doll & Peto 1976, Rose et al 1977, Rogot et al 1980, Jajich 
et al 1984, Carstensen et al 1987]. Whether cigarette smoking 
plays a different role in the occurrence of fatal and non-fatal 
IHD events has rarely been examined. Figure 7-2 shows the 
percentages of fatal and non-fatal events by smoking groups over 
the eight-year follow-up.

Fatal IHD events constituted 35% of all IHD events over the
eight years. The proportion varied from 31% to 40% across the
five smoking groups; treating current cigarette smokers as a
single group the overall percentage of fatal events in current
cigarette smokers was 35%, and the difference between groups was

2not statistically significant (X =1.4, d^=4, p>0.10). No trend 
was observed for risk of total IHD events with the number of 
cigarettes consumed in current cigarettes smokers while the rates 
of fatal IHD events went down steadily as cigarettes smoked 
increased (X2=7.186, d^=l, p<0.01).
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The data do not suggest a differential effect of smoking on 
the risk of fatal and non-fatal IHD and a combined analysis of 
the two types of IHD seems reasonable. The inverse trend of risk 
for fatal IHD with the amount smoked in current cigarette smokers 
needs explanation.

7.2.3 Pre-existing IHD

It is likely that any risk factors' ability to discriminate 
those with a higher risk of a future IHD event from others with 
smaller risk is not the same amongst men with pre-existing IHD 
as in those with no pre-existing IHD. In other words, tobacco 
smoke may play a different role in the occurrence of the first 
and the subsequent heart attack. To approach the issue, we 
divided the men into three groups according the evidence of IHD 
at entry - Group I for men free of any evidence of IHD, Group II 
for men with possible or definite IHD short of a definite MI and 
Group III for men with a definite MI. The age-adjusted IHD rates 
(per 1,000 persons per year) were compared between the three pre
existing IHD groups (Figure 7-3).

As expected, the rates of IHD were lowest in group I, 
intermediate in group II and highest in group III. The rates 
increased almost linearly from never-smokers through ex-smokers 
and secondary P/C smokers to current smokers. The trend of IHD 
risk with smoking status was very similar in each of the three 
groups, suggesting that tobacco smoking was still a risk factor 
in men with evidence of pre-existing IHD at the initial 
screening.

7.2.4 Changes in smoking habits

In Chapter 4, we observed that 22% of current smokers stated 
they stopped smoking at five years and 50% had changed the number 
of cigarettes they smoked each day. We believed such changes 
would in general weaken the association of current smoking with
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risk of IHD. We now examine the issue further by relating the 
changes in smoking habits to the subsequent risk of heart attack. 
The analysis will be restricted to current smokers at entry only. 
Men of other smoking groups who changed their smoking habits may 
also cause bias but the numbers were too small to allow the issue 
to be examined. Only the IHD events occurring from the sixth to 
the eighth year of follow-up are used since within the first 
five-year follow-up it is not known which took place first - the 
heart attack or giving-up. Men developing a new major IHD event 
in the first five years were more likely to have stopped smoking 
and were excluded.

Table 7-2 compares the adjusted rate of a new IHD between 
never-smokers and current smokers over the 6th to the 8th year 
(ie quitters and persisters at five years). Men who had a non- 
fatal major IHD event in the first five years of follow-up were 
excluded from this analysis. Compared to persisters, quitters 
showed a reduced risk of IHD, which was still higher than never- 
smokers. The absolute rate in quitters was 7.77 per 1,000 
persons per year compared with 5.06 in never-smokers and 10.67 
in persisters. Our previous conclusion that changes in smoking 
habits tends to weaken the association of current smoking 
(defined at entry) with risk of IHD seems to have been confirmed. 
Further, the comparison of the rates between persisters and 
quitters also suggest an effect of quitting smoking.
However, the number of events was too small to make any definite 
conclusion. In particular, the rate in the quitters was not 
significantly different from that in the persisters (P=0.19) or 
never-smokers (P=0.34).

7.2.5 Years of follow-up

The BRHS men had been followed up for eight years while 
other studies have 20 or 30-years observation [Doll & Peto 1976, 
Stoke et al 1987]. The length of follow-up may also modify the 
observation of the association between smoking and risk of IHD. 
Firstly, age increases as duration follow-up increases. It is
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well known that the risk of IHD increases rapidly with age, 
although biologically age itself should not be regarded as a risk 
factor, but as a proxy for the exposure over time to many other 
risk factors such as blood pressure and serum cholesterol. As 
a result of this rise in IHD risk with age equally in never- 
smokers , the relative risk of IHD in smokers compared to never- 
smokers tends to fall with age. With increasing years of follow- 
up and the aging of the cohort the relative risk of smoking may 
therefore fall. The accumulation of follow-up years is also 
accompanied by an increase in smoking years in current smokers 
and years-since-quitting in ex-smokers. Obviously, the former 
is positively and the latter inversely related to risk of IHD. 
The third factor concerning length of follow-up is the time- 
dependent nature of the risk and relative risk; during a long 
period of time, risks and risk ratios will approach unity 
[Rothman 1986 p37]. In other words, the longer the follow-up the 
smaller the relative risks tend to be. We now use the BRHS data 
to provide some information on the overall effect of these three 
factors on the risks of IHD with regard to the years of follow- 
up .

Unadjusted period-specific-Rates Men were divided into four 
groups according to the two-year period between which the major 
IHD occurred, and the time-specific rates were compared within 
the four main smoking groups (Figure 7-4) . There was a clear 
trend of rising rates of IHD with follow-up years, particularly 
in never-smokers and ex-smokers. The rates in secondary P/C 
smokers fluctuated over the four intervals of follow-up probably 
due to the small number of men. In terms of risk relative to 
never-smokers, it was 1.89, 2.37, 2.09 in ex-smokers for the 
first, second and third periods respectively, showing no 
significant differences within the first six years of follow-up. 
Secondary P/C and current smokers showed a similar pattern in 
relative risk. There was a slight decrease in relative risk with 
time in current smokers. In the last two years of follow-up, a 
dramatic increase in the rate of IHD in never-smokers was 
observed. This brought about a sudden reduction in the relative
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risk in the three smoking groups. Thus the relative risks in the 
last two years were 1.4, 1.2 and 1.6 respectively for ex-smokers, 
secondary P/C and current smokers.

Unadjusted cumulative rates (CR) For the relative CRs of IHD 
over 1-2, 3-4, 5-6 and 7-8 years of follow-up, no significant 
difference was observed in ex-smokers. They were 1.89, 2.15, 
2.13 and 1.82 respectively (Figure 7-5). The relative risk in 
secondary P/C and current smokers showed a gradual reduction. 
In particular, the ratio of the 8-year relative rate over the 
first-two-year relative rate was 0.63 (2.47/3.89) in secondary 
P/C smokers and 0.68 (2.54/3.71) in current smokers.

7.2.6 Summary

The BRHS prospective data confirmed the association of 
cigarette smoking with increased risk of IHD. Current cigarette 
smokers showed highest IHD risk. No clear trend of rising risk 
with number of cigarettes smoked per day was found in current 
smokers. An intermediate rate was observed in ex-smokers. After 
thirteen years of quitting (on average), although the IHD risk 
has been reduced by 60% compared to current smokers, there was 
still a 56% excess in risk compared to never-smokers. 
Interestingly, secondary P/C smokers showed similar risk to 
current smokers while primary P/C smokers were at a risk which 
was no higher than that in never-smokers.

The estimate of relative risk for current cigarette smokers 
may well be conservative since some men have stopped smoking 
cigarettes or smoked fewer Cigarettes during the follow-up. 
Stopping smoking or smoking fewer cigarettes particularly in men 
who have developed a heart attack in the first five years may 
also prevent the finding of a more substantial dose-response 
effect according to the number of cigarettes smoked per day. Men 
with pre-existing IHD and men free of the disease showed a 
similar association of risk of IHD with smoking, indicating that 
smoking was still a strong predictor of IHD in those who have
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already developed a heart attack. Our data also revealed a 
similar role of smoking in the development of fatal and non-fatal 
IHD, suggesting that it is reasonable to combine the two types 
of event in prospective analyses. In addition, the estimates of 
(cumulative) relative risk may diminish as the follow-up 
proceeds. This is not likely to be substantial within a follow- 
up of eight years. The marked fall in RR in years 7-8 may 
explained by disproportionate increase in the risk in never- 
smokers and this did not markedly affect the cumulative RR over 
years 1-8. It will be of considerable interest to see whether 
reduction in RR is maintained during years 9-10.

7.3 Possible bias due to pre-existing diseases

7.3.1 How mav bias arise?

We have shown that the prevalence rates of pre-existing 
diseases varied greatly between smoking groups in Chapter 5 and 
that cigarettes smokers who recalled doctor diagnoses of diseases 
such as a heart attack or high blood pressure were much more 
likely to have given up smoking than those who did not in Chapter
6. How may a pre-existing disease produce bias in prospective 
analysis? If men who stop smoking are not a representative 
sample of smokers then bias results. In particular, if men at 
high risk of a heart attack were the ones who give up smoking 
then the risk in ex-smokers will be over-estimated. 
Establishment of the relationships of these diseases with risk 
of IHD and with smoking is not our primary interest. Giving up 
smoking due to diseases predictive of IHD may well lead to an 
under-estimates of the beneficial effect of giving-up.

7.3.2 Evaluating bias using logistic regression

An immediate way to eliminate the bias is to exclude men 
with these pre-existing diseases from analyses, although 
excluding some of those with the pre-existing diseases
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attributable to past exposure to smoking is not desirable. The 
actual bias can be quantitatively evaluated using logistic 
regression analysis. Compared to the age-adjusted logistic 
regression coefficients (ALRC, whose anti-logarithm is the 
relative odds of IHD) from the model without any men excluded, 
the changes in the ALRC after exclusion would show the effect 
of men with a disease on risk estimates and changes in standard 
errors of the ALRCs will provide information on the precision of 
the estimates after exclusion.

Excluding men with pre-existing IHD (possible or definite) 
or doctor diagnosed (possible or definite) IHD at entry, the 
ALRCs were slightly decreased in ex-smokers and secondary P/C 
smokers, and almost unchanged in current smokers (Table 7-3). The 
standard errors for the ALRCs were hardly increased after 
exclusion of doctor diagnosis of a heart attack while due to a 
much larger number of men having pre-existing IHD their exclusion 
made a clear loss in precision of the estimates. Excluding men 
with IHD-related diseases, particularly high blood pressure, the 
ALRCs showed an increase instead of the fall expected in the 
three smoking groups. In addition, the relative risks were then 
less precisely estimated. The paradox that the exclusion of men 
with IHD-related diseases increased the risk of IHD can be 
explained if the relative risk of a disease associated with an 
exposure is stronger among people at lower levels of other risk 
factors of the disease [Rothman 1986, Rothman & Poole 1988]. I 
will return to this issue after examining the effect of cigarette 
smoking on risk of a heart attack in high and low blood pressure 
subjects in Section 7.4.1.

Excluding men with bronchitis, peptic ulcer and asthma had 
little effect on the relative risk estimates. Surprisingly, 
after excluding men with breathlessness we observed a 
considerable reduction in relative risk in ex-smokers, but little 
change in secondary P/C and current smokers. A possible 
explanation may be the relationship of breathlessness with risk 
of IHD [Cook & Shaper 1988, Cook & Shaper 1989] and stopping
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smoking cigarettes (see Section 6.3.2). However, it is puzzling 
why the exclusion of men with chest pain (excluded by Model 1) 
does not have the same effect).

7.3.3 Summary

Excluding men with a doctor diagnosis of IHD or men with 
breathlessness (grade 2 or grade 3) at screening markedly reduced 
the estimated relative risk of a heart attack in ex-smokers 
compared to never-smokers. We have previously demonstrated that 
men with doctor diagnosed IHD and men with breathlessness are 
over-represented amongst ex-smokers. Moreover, having a non- 
fatal heart attack was prospectively associated with stopping 
smoking and breathlessness is a predictive factor for both angina 
and myocardial infarction. It seems logical to exclude men with 
doctor diagnosis of IHD from any prospective analysis of risk in 
ex-smokers to avoid selection bias. The exclusion of men with 
grade 2-3 breathlessness is more difficult to justify. The 
reduction in relative risk when breathless men were excluded is 
surprising given that exclusion of men with chest pain does not 
have the same effect. In contrast, the effect of excluding men 
with a recall of doctor diagnosis of an IHD-related disease, 
particularly high blood pressure, tended to increase the relative 
risk estimates in ex-smokers and in current smokers compared to 
never-smokers. Doctor diagnosis of other diseases does not seem 
to be of any real problems

In conclusion, in order to avoid over-estimating the risk 
in ex-smokers, men with doctor diagnosed IHD will be excluded and 
men with doctor diagnosed hypertension included in any 
prospective analyses. Since it is not very clear why excluding 
breathless men markedly reduces the relative risk in ex-smokers 
it is probably wise to carry out analyses both including and 
excluding them.
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7.4.1 Interaction

7.4.1.1 Basic consideration

Although interaction between disease causes is extremely 
important, the proper methodology for the evaluation of the 
effect has been hotly debated. Essentially there are two ways 
to deal with the interaction - additively or multiplicatively. 
The additive model assumes under independence (ie no interaction 
between the two factors) that the joint effect of the two factors 
is equal to the sum of the effects of each factor acting without 
the other. Under the multiplicative assumption, the independence 
assumes that the joint effect is equal to the product of the 
effects of each factor. Although they may result in
contradictory conclusions when there is no interaction or weak 
additive interaction, the two methods are in essence similar. 
Both measure the variation in the magnitude of an effect across 
levels of a third variable.

However, we are here concerned to facilitate the 
understanding of the smoking-IHD link by means of techniques 
contrived for evaluation of interaction. If interaction exists 
then studies with different levels of other risk factors will 
obtain different estimates of the effect of cigarette smoking. 
Virtually all prospective studies have assumed a multiplicative 
model in their analyses. We have therefore determined, using the 
BRHS data, whether the relative risk of IHD in current smokers 
and ex-smokers compared to never-smokers varies in relation to 
the other risk factors. Do men with higher blood pressure show 
a smaller reduction in their relative risk of IHD after quitting 
than those with lower blood pressure? If so, does it mean that 
those with higher blood pressure would benefit less from 
quitting? How well does the multiplicative model predict the 
risk of IHD due to smoking in men different in other risk 
factors? Due to rapid fall in power when stratifying by many
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risk factors, we only consider two important factors - blood 
pressure and serum cholesterol - though others may also be 
important.

7.4.1.2 Interaction estimation

Dividing the men by the median of serum total cholesterol 
(6.2 mmol/1), the mean cholesterol was 5.49 mmol/1 (SE=0.009) for 
men with total cholesterol below the median, and 7.13 mmol/1 
(SE=0.012) for men above the median. For systolic blood 
pressure, 150 mmHg, instead of the median (143 mmHg), was used 
as the cut-off point to achieve enough IHD events in the 
reference group ie never-smokers who were recorded with lower 
blood pressure. The mean blood pressure was 132.7 mmHg (SE=0.16) 
for men whose recorded blood pressure was below 150 mmHg, and
167.2 mmHg (SE=0.30) for men above that value (Table 7-5). Mean 
blood pressure and mean serum cholesterol are very similar in the 
different smoking groups while prevalence rates of pre-existing 
definite IHD varied considerably between different smoking 
groups, possibly due to differences in smoking habits (Table 7-
4).

As expected, the risk of IHD increased as the exposure to 
smoke increased both in men with higher and men with lower blood 
pressure or total cholesterol. Men with higher blood pressure 
or total cholesterol showed clearly elevated risk of IHD compared 
to men with lower blood pressure or total cholesterol in each of 
the four smoking groups (Table 7-5).

Additively, there is no evidence for an interaction between 
smoking and blood pressure (Table 7-5). For current cigarette 
smokers, the joint effect of high blood pressure and cigarette 
smoking was 14.95 per 1,000 persons per year, compared to the sum 
of the effects of high blood pressure without smoking and smoking 
without high blood pressure being \ 4 - 4 - S  (9.11+7.53-2.19); a 
differences of 0.50, which is negligible. The difference in ex
smokers was -2.08 [9.54-(9.11+4.70) + 2.19], and in secondary P/C
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smokers 3.71. The result for current cigarette smokers is most 
important since it is based on a large group and should not be 
substantially biased by men with IHD or high blood pressure 
stopping smoking. Multiplicatively, there does appear to be an 
interaction. The relative risk of a heart attack in current 
smokers compared to never-smokers being 3.74 in men with systolic 
blood pressure below 150, but only 1.73 in men with systolic 
blood pressure over 150. This difference in relative risk was 
statistically significant (p=0.019) based on fitting a logistic 
model in which three terms were included: smoking (l=currently 
cigarette smoking, 0=never-smoking), blood pressure (l=blood 
pressure over 150, 0=blood pressure < 150) and the interaction 
(smoking * blood pressure), adjusting for age and serum total 
cholesterol. The relative risk of currently smoking cigarettes 
thus appears to be greater in men with blood pressure below 150. 
While this is a potentially important finding, we have to be 
cautious in placing too much weight on it given that it is based 
on only 18 heart attacks in never-smokers. If true, such a 
finding might help to explain the apparent lack of benefit of 
blood pressure lowering drugs amongst smokers in the Mild 
Hypertension Trial [ MRC Working Party 1985].

In contrast, the multiplicative model appeared to fit the 
data for serum total cholesterol. The relative risk of IHD in 
current smokers was 2.60 for men with higher serum total 
cholesterol and 2.19 for those with lower cholesterol and this 
difference was not statistically significant (P=0.67).

The interaction effects between cigarette smoking and blood 
pressure/serum total cholesterol are consistent with many 
prospective studies [Doyle et al 1964, Hammond & garfinkel 1969, 
Reid et al 1976, Willett et al 1987]. However, a very important 
study [Kannel et al 1986] did not find any significant variations 
in the relative risk among people with different levels of blood 
pressure or serum total cholesterol.
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The messages carried by these findings are clear. First, 

the relative risk of IHD due to smoking may vary among 
populations with different levels of blood pressure and total 
cholesterol. A stronger smoking-IHD link would be expected in 
a population with lower blood pressure. This may explain why on 
excluding men with doctor diagnosis of IHD-related diseases, 
particularly high blood pressure, the estimates of the relative 
risk were increased. Second, this does not mean that if a smoker 
has developed hypertension he would be less likely to develop an 
IHD event. However, he would be more likely to develop an IHD 
event due to reasons other than smoking so the effect of smoking 
is relatively reduced. Actually, the excess risk (risk 
differences) of developing an IHD due to smoking in men with 
higher blood pressure was similar to men with lower blood 
pressure. In contrast, the smoking-IHD link may be stronger in 
men with higher total cholesterol and smokers with higher 
cholesterol seemed more likely to develop a heart attack than 
smokers with lower cholesterol. Third, fitting multiplicative 
models of prediction for IHD risk in cigarette smokers with 
different levels of blood pressure and total cholesterol may be 
misleading.

7.4.2 Confounding effects

Basic consideration Factors which can distinguish between
different smoking groups and predict IHD events, and are not an 
intermediate step between smoking and IHD or a result of IHD 
could potentially bring about distortion in the association of 
smoking with the risk of IHD. Amongst many factors measured in 
the BRHS, age, blood pressure, total cholesterol, serum 
triglycerides, body mass index, high density lipoprotein- 
cholesterol, social class, total Bortner score and pre-existing 
diseases are most likely to meet these prerequisites. We have 
already concluded that exclusion of those with pre-existing 
diseases would be preferable to adjustment. Total Bortner score 
and serum triglycerides will not be considered since (i) 
information on the two variables were not available in a large
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number of men, (ii) they are not important independent predictors 
of IHD in the BRHS data (Jonston et al 1987, Shaper and Pocock 
1987). We will then take for granted the remaining factors as 
confounders and compute the relative effect of smoking using a 
'saturated model' which includes all the six factors. This 
estimate can be taken as an 'un-confounded' measure and compared 
to those measures adjusting for all except one single factor to 
determine the confounding effect produced by that individual 
factor. Similarly, we could find a group of factors whose
adjustment could provide an estimate closest to the 'un
confounded' one, and giving better precision. These identified 
factors will then be used for optimum adjustment in further 
analyses. However, it is noteworthy that differences in some of 
the factors such as Bkl and blood pressure between smoking groups 
were likely to have resulted entirely or partly from smoking or 
from giving up smoking. Any adjustment for these factors may 
lead to risk being under-estimated in ex-smokers.

Confounding estimation The logistic regression coefficients
(LRC) after excluding men with doctor diagnosis of IHD are 
provided in Table 7-6. The relative odds is calculated as

r LRC 1exp In Model 0, the six potential confounders were all
adjusted and the risk estimates from this model are taken as an
'un-confounded' measure, with which the results from other models
are compared. The changes in the estimates for the relative risk
of IHD in ex-smokers are of primary interest. The comparisons
will therefore concentrate on ex-smokers. Compared to the 'un-
confounded' estimate of relative odds in ex-smokers, which was 

r 0 2 7 11.31 (=exp * ), the unadjusted relative odds (Model 1) was 1.62
(=exp^°*48^), suggesting that failure to adjust for these 
confounding variables would result in over-estimation of the 
smoking-IHD link in our data. Removing age or systolic blood 
pressure or total cholesterol (Model 7, 6 & 5) from the
'saturated model', the relative odds was increased while dropping 
social class or high density lipoprotein-cholesterol (Model 2 & 
3) the relative odds was decreased. Body mass index (Model 4) 
made no influence on the estimate and the greatest change in
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relative odds was observed when age was removed.

Importantly, we could demonstrate that adjustment for age 
and systolic blood pressure (Model 8) would provide an estimate 
in ex-smokers which is similar to the 'un-confounded' risk and 
has minimum loss in precision. The relative risk adjusted for 
these two variables was 1.31 compared to the 'un-confounded' 
1.31. When total cholesterol was also allowed for (Model 9), a 
further reduction in the estimate was observed. This suggested 
the application of this restrictive two or three-variable 
adjustment to our future analysis. It is important to note that 
the adjusted relative risk in ex-smokers was not statistically 
significant whichever model is used. Excluding breathless men 
(grade 2 & 3) further reduced the relative risk of IHD in ex
smokers from 1.27 to 1.12.

7.4.3 Summary

The relative risk of IHD due to smoking was found to be 
higher in men with lower blood pressure and lower in men with 
higher blood pressure. This would emphasize that attention 
should be paid to other risk factors in any attempt to evaluate 
and interpret the association of smoking with risk of IHD. Among 
a number of factors which may confound the effect of smoking in 
the BRHS data, age showed the greatest importance, and systolic 
blood pressure and serum total cholesterol have much smaller 
effects.

7.5 Summary and comments

The association of smoking and the risk of IHD was confirmed 
in the BRHS. Contrary to some previous reports, we found the 
age-adjusted rate of IHD relative to never-smokers to be 1.56 
(95% CL 1.12-2.18) in ex-cigarette smokers, who on average had 
stopped smoking for thirteen years prior to the initial 
screening. Secondary P/C smokers (RR=2.24, 95% CL 1.49-3.37)
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showed a risk of IHD similar to current cigarette smokers 
(RR=2.37, 95% CL 1.74-3.22) while primary P/C smokers (RR=0.70, 
95% CL 0.33-2.15) were at a risk level not significantly 
different from never-smokers.

Ideally, we would examine the ex-smokers drawn randomly from 
current smokers. In fact, some ex-smokers in a population may 
have given up smoking due to the reasons which distinguish them 
from those who continued to smoke in terms of other risk factors 
of IHD. Selection of giving up smoking due to those conditions 
which are also related to the risk of IHD will inevitably induce 
bias to the prospective estimates of IHD risk.

In the BRHS data, the risk of IHD in ex-smokers is over
estimated by men giving up smoking due to a doctor diagnosis of 
IHD or of the symptoms of breathlessness. In particular, 
exclusion of men with a doctor diagnosis of IHD at entry reduced 
the age-adjusted relative risk (RR) in ex-smokers from 1.56 to 
1.39 (95% CL 0.96-2.02), and exclusion of both men with
breathlessness (grade 2+3) and men with a doctor diagnosis of IHD 
at entry further reduced the relative risk (RR) to 1.23 (95% CL 
0.80-1.84) in ex-smokers. However, we must be aware that the 
exclusion of these conditions may lead to an under-estimate of 
the excess risk in ex-smokers since some men may have had the 
conditions due to previous exposure to smoking, particularly if 
the condition is highly related to smoking and IHD risk, but not 
strongly related to giving up. We can envisage that the excess 
risk of cigarette smoking would be totally removed if we could 
exclude all men with conditions which are related to both smoking 
and IHD risk. Practically, it is reasonable to assume that the 
real risk of IHD in ex-smokers is somewhere between the risk 
estimates with and without the exclusion. In future analyses in 
Chapter 8, we present analyses before any exclusion, after 
exclusion of men with a doctor diagnosis of IHD and after further 
exclusion of men with breathlessness.
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In contrast, exclusion of men with a doctor diagnosis of 

hypertension increased the relative risk from 1.56 to 1.70 (95% 
CL 1.15-2.51). Further, we found that the relative risk was 
greater in current smokers with lower systolic blood pressure 
(RR=3.74) than that in men with higher blood pressure (RR=1.73). 
This helps explain why exclusion of men with recall of 
hypertension increased the RR in ex-smokers. In further 
analyses, men with a doctor diagnosis of hypertension will not 
be excluded to avoid over-estimation of the relative risk.

All these exclusions made little difference to the relative 
risk estimates for secondary P/C and current cigarette smokers. 
Exclusion of men with other IHD-related and smoking-related 
conditions made no significant changes to the relative risks in 
any of the three main smoking groups.

There was some evidence that the less favourable levels of 
risk factors other than smoking in ex-smokers may mostly be 
attributed to selective process of giving up smoking. For the 
risk estimates, this indicates that these risk factors would not 
be of any importance after the exclusion of men who had given up 
smoking due to the development of diseases. In fact, adjustment 
for systolic blood pressure and serum total cholesterol further 
reduced the relative risk from 1.39 (excluding men with a doctor 
diagnosis of IHD and adjusting for age) to 1.26 (95% CL 0.87- 
1.85). Adjustment for all six potential confounding variables 
obtained similar results for the relative risk in ex-smokers. 
This suggests that after exclusion of men with a doctor diagnosis 
of IHD and adjustment for age, other risk factors still have some 
effects on the risk of IHD in ex-smokers, and further adjustment 
for systolic blood pressure and serum total cholesterol is 
sufficient to remove these confounding effects.

Excluding men with doctor diagnosis of IHD and adjusting for 
age, systolic blood pressure and serum total cholesterol, the 
relative risk of IHD in ex-smokers was 1.26 (95% CL 0.87-1.85) 
and not significantly higher than in never-smokers, challenging
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the assumption that the excess risk of IHD falls off slowly after 
stopping smoking. However, this may well be a conservative 
estimate. Although a larger study is required for a 
statistically significant estimate, a more logical analysis would 
split the ex-smokers according to the years-since-quitting so 
that a clear excess risk could be found in those who had given 
up recently and absence of the excess risk in men who had given 
up many years ago. This issue is explored in Chapter 8.

It is noteworthy that although primary P/C smokers showed 
no greater risk of IHD than never-smokers, secondary P/C smokers, 
men who switched from smoking cigarettes to smoking a pipe or 
cigars, were at a risk of IHD as high as in current smokers, 
probably because secondary P/C smokers carry on their inhaling 
habits after changing to smoke pipe/cigars. This strongly 
suggests that anti-smoking campaign aimed to prevent IHD should 
advice people to stop altogether rather than to switch to 
pipe/cigars.

The results also suggest (1) that cigarette smoking plays 
a similar role in the development of fatal and non-fatal IHD and 
further analyses will not distinguish between them; (2) that 
among men who had a heart attack cigarette smoking is a major 
risk factor for recurrence; (3) that the relative risk of IHD in 
current smokers and ex-smokers diminished as the follow-up 
proceeded; (4) that changes in smoking habits after the initial 
screening only slightly distort the prospective estimates of IHD 
risk; (5) that the relative risk due to cigarette smoking may 
vary according to the prevalence rates or levels of other risk 
factors. Thus the relative risks in men with lower systolic 
blood pressure were greater that those in men with higher blood 
pressure. In contrast, a slightly greater relative risks were 
observed in smokers who had greater concentration of total serum 
cholesterol.
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Table 7-1 Occurrence of New Major IHD Events by Smoking
Status at the Initial Screening

Smoking
Status

Number 
of Men

IHD
Events

IHD
Rate#

Relative
Odds

Adjusted
RO*

Never-smokers 1642 52 3.96 1.00 1.00
Primary P/C 195 5 3.21 0.81 0.70
Ex-smokers 2108 123 7.29 1.84 1.56
Secondary P/C 607 48 9.88 2.49 2.24
Cigarette smokers

1-19/day 1188 96 10.10 2.55 2.28
20/day 835 69 10.33 2.61 2.38

21-39/day 846 73 10.79 2.72 2.60
>40/day 316 21 8.31 2.10 2.07

Notes: #, IHD events per 1,000 person per year. 
*, Age-adjusted relative odds.
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Table 7-2 The Rates of IHD (per 1,000 Persons per Year) 
Adjusted for Age, SBP and CHOL over the 6th to the 8th year 

Follow-up in Never-smokers and Current Cigarette Smokers

No. of 
Men

No. of IHD 
Events

Actual
Rate

Adjusted
Rate

Never-smoker 1543 24 5.18 5.70

Current smokers

Quitters 583 15 8.58 7.77 (p=.344)*

Persisters 2234 77 11.49 11.33 (p=.003)*

Notes: # In men free of new major IHD in the first five years. 
*, When compared to never-smokers.
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Table 7-3 Age-adjusted Logistic Regression Coefficients (SE) for 
Development of a Major IHD Event Excluding Men with Doctor 

Diagnosis of IHD, IHD-related and Smoking-related Conditions
at Entry

Model Diseases 
Number Excluded

Ex-
Smokers

Secondary
P/C

Current
Smokers

0 None 0.44(0.17) 0.81(0.21) 0.86(0.16)

1 Pre-existing IHD2 0.37(0.23) 0.62(0.29) 0.88(0.21)
2 Recall of IHD 0.33(0.19) 0.74(0.23) 0.87(0.17)
3 Hypertens ion 0.53(0.20) 0.98(0.24) 1.00(0.18)
4 Other heart Trouble 0.48(0.18) 0.90(0.23) 0.94(0.17)
5 Stroke 0.46(0.17) 0.85(0.21) 0.89(0.16)
6 Diabetes 0.49(0.17) 0.83(0.21) 0.89(0.16)
7 3Breathlessness (2+3) 0.27(0.18) 0.79(0.22) 0.80(0.16)
8 Bronchitis 0.48(0.19) 0.90(0.23) 0.85(0.17)
9 Peptic ulcer 0.39(0.18) 0.77(0.22) 0.89(0.16)

10 Asthma 0.41(0.17) 0.79(.21) 0.83(0.16)

Notes : 1> The locistic rearession coefficients were compared to never-smokers,
adjusting for age at 50 years.

2) Including possible and definite IHD identified via chest-pain 
questionnaire, ECG and recall of doctor diagnosis.

3) Identified via questionnaire, and '2+3' for men with grade 2 or grade 3 
breathlessness.
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Table 7-4 Mean Systolic Blood Pressure (BP) and Serum Total 
Cholesterol (CHOL) and Percentage of Pre-existing Definite IHD by 

BP/CHOL and Four Smoking Groups

Systolic Blood Pressure Groups

Smoking
GrouDs

Lower BP (BP<150 mmHa) Hiaher BP (BP>150 iranHâ
B. P. CHOL % IHD B. P. CHOL % IHD

Never 132.3 6.23 2.4 166.8 6.29 4.6
Ex-smokers 133.3 6.33 6.7 168.0 6.42 6.9
S-P/C * 132.7 6.21 4.0 166.4 6.40 7.7
Current 132.5 6.22 6.1 166.9 6.38 6.3

Serum Total Cholesterol Groups
Smoking
GrouDs

Lower CHOL (<6.2 mmol/1) Hiaher CHOL 06.2 mmol/1^
B. P. CHOL % IHD B. P. CHOL % IHD

Never 142.8 5.51 2.7 144.2 7.11 3.5
Ex-smokers 146.2 5.52 5.2 148.5 7.13 8.2
S-P/C * 143.0 5.48 3.9 145.7 7.11 6.8
Current 143.4 5.45 5.3 146.6 7.14 7.2

Notes: *, secondary pipe/cigar smokers.
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Table 7-5 Rates of New Major IHD Adjusted for Age, Systolic 
Blood Pressure (BP) and Serum Total Cholesterol (CHOL) Stratified

by BP or CHOL and Smoking Groups

Systolic Blood Pressure

Smoking Lower BP fBP<150 mmHa^ Hiaher BP fBP>150 mmHa)
GrouDS Actual R Adi-R A-RR Actual R Adi-R A-RR
Mean BP 132. 7 ± 0.16 167.2 ± 0.30
Never 2.05 (18/1096) 2.19 1.00 8.08 (34/ 526) 9.11 1.00
Ex- 5.10 (51/1251) 4.70 2.19 10.50 (72/ 857) 9.54 1.05
S-P/C 5.50 (14/ 318) 6.26 2.96 16.75 (28 /209) 16.89 1.99
Current 7.62(124/2034) 7.53 3.74 14.73(135/1146) 14.95 1.73

Serum Total Cholesterol
Lover CHOL (<6.2 mmol/1) Hiaher CHOL (>6.2 mmol/1^
Actual R Adi-R A-RR______ Actual R_____Adi-R____A-RR

Mean CHOL 5.49 ± 0.0089 7.13 ± 0 .0121
Never 2.89 (20/ 865) 3.33 1.00 5.15 (31/ 753) 5.74 1.00
Ex- 4.78 (38/ 994) 4.33 1.31 9.41 (83/1103) 8.61 1.54
S-P/C 6.48 (16/ 309) 6.41 1.98 13.14 (31/ 295) 13.49 2.52
Current 7.00 (90/1607) 7.08 2.19 13.51(168/1554) 13.74 2.60

Notes: Actual R , actual rates (per 1,000 persons per year) with No. of events/No. 
of men in brackets. Adi-R, adjusted rate (per 1,000 persons per year), A-RR, 
relative risk adjusted within each BP or CHOL stratum.
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Table 7-6 Logistic Regression Coefficients (SE) for the 
Development of a Major IHD Event Adjusting for Different Risk 

Factors in Men Free of Doctor Diagnosis of IHD at Entry

Model
Number

Variables
Removed

Ex-
Smokers

Secondary
P/C

Current
Smokers

0 None2 0.27(0.20) 0.68(0.25) 0.82(0.18)
1 All 0.48(0.19) 0.86(0.23) 0.98(0.17)
2 Social Class 0.25(0.20) 0.69(0.26) 0.85(0.18)
3 HDL 0.25(0.20) 0.74(0.24) 0.88(0.17)
4 BMI 0.27(0.20) 0.68(0.25) 0.82(0.18)
5 CHOL 0.29(0.20) 0.69(0.25) 0.86(0.18)
6 SBP 0.29(0.20) 0.67(0.25) 0.83(0.18)
7 Age 0.39(0.20) 0.75(0.25) 0.88(0.18)

Variables Remained

8 Age+SBP 0.27(0.20)
9 Age+SBP+CHOL 0.24(0.19)

0.76(0.24)
0.74(0.24)

0.88(0.17)
0.88(0.17)

Notes: 1) Compared to never-smokers.
2) The saturated model including all the eight variables.
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Figure 7-1 Age-adjusted Relative Odds of a Heart Attack 
by Smoking Status at the Initial Screening
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Figure 7-3 Occurence of New Major IHD Events by Three 
Groups According to Pre-Existing Evidence of IHD at Entry
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Chapter 8 Years-Since-Quitting and the Risk of IHD
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8.0 Abstract

1. In men who had given up smoking for 1-5, 6-10, 11-20 and >20 
years prior to the initial screening the unadjusted relative 
risks of IHD were 2.86 (95% CL 1.93-2.43) , 1.55 (0.93-2.58) , 1.75 
(1.13-2.75) and 1.26 (0 . 74-2 .14) respectively. Excluding men with 
a doctor diagnosis of IHD and adjusted for age, systolic blood 
pressure and serum total cholesterol, only men who had given up 
for less than 5 years prior to the initial screening had a raised 
risk of IHD (RR=1.95 95% CL 1.22-3.13). Those who had given up 
longer ago did not have any significantly raised risk.
2. A similar pattern of the risk was also observed for primary 
(first event of a man's whole life) IHD with years-since-quitting 
& in men free of breathlessness at entry (grades 2+3): the 
relative risk in men who had given up for less than five years 
was still significantly higher than in never-smokers. The 
pattern was little changed after excluding men with a new major 
IHD event which occurred within the first two years of follow- 
up .
3. The adjusted relative risk of IHD in men who had given up for 
3-5 years (RR=1.87 95% CL 1.10-3.29) was still significantly 
higher than in never-smokers and only slightly lower than in men 
who had given up for 2 years or less (RR=2.10 95% CL 1.10-3.89).
4. There was a significant trend of increasing unadjusted risk 
of IHD with increasing smoking-years in ex-smokers as well as in 
current smokers. The trend was not present once age had been 
adjusted for. This does not disprove an effect of smoking-years 
on risk, but it demonstrates that adjustment for age will remove 
the confounding effects of smoking-years in IHD risks with years- 
since-quitting.
5. It is noteworthy that the ex-smokers who had given up for 1- 
5 years at entry would have actually stopped smoking for 9-13 
years by the end of the eight-year follow-up. This indicates 
that the time required for the excess risk to disappear would be 
longer than suggested above.
6. It is concluded that it may take longer than usually accepted 
for excess risk of IHD to disappear after stopping smoking. In 
particular, it appears to take up to 5 years for the excess risk 
to fall off in former light smokers and substantially longer in 
former heavy smokers.
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The BRHS data has confirmed the strong smoking-IHD link, 
which has been shown by many other epidemiologic studies. With 
regard to stopping smoking cigarettes, amongst ex-smokers free 
of doctor diagnosis of IHD at entry, the IHD rate adjusted for 
age, systolic blood pressure and serum total cholesterol was only 
marginally and non-significantly greater than in never-smokers. 
Many studies have assumed that since ex-smokers were not at a 
significantly greater risk of IHD than never-smokers, the excess 
risk disappears rapidly after stopping smoking. However, the 
excess risk observed in ex-smokers will clearly depend on the 
distribution of years-since-quitting as well as the relationship 
of years-since-quitting to the risk of IHD. Clarifying the 
relationship between the risk of IHD and years-since-quitting is 
therefore important because it i) may explain the inconsistencies 
between studies, ii) throws light on possible mechanism for the 
smoking-IHD link, and iii) has implications for prevention of 
IHD. In this chapter we will expand upon the issue of giving up 
smoking with a focus on the rate at which the risk declines with 
increasing years of stopping smoking.

We will first examine the risks of IHD with years-since- 
quitting as measured at the time of the initial screening. The 
effects of pre-existing IHD, breathlessness (2+3), age, blood 
pressure and serum total cholesterol on the estimate of the 
association of years-since-quitting with the risk of IHD were 
considered. Ex-smokers who had given up smoking for less than 
five years were further divided into 1-2 and 3-5 years to see 
whether the excess risk of IHD may return to that seen in never- 
smokers within two years of stopping smoking. To minimise the 
effects of selection of being ex-smokers, an analysis was 
restricted the new IHD events occurred from 3-8 years of follow- 
up.

Since years-since-quitting are strongly inversely related 
to smoking-years, any increase in the risk with smoking-years
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would complicate the issue. It has been argued that even if 
there was no changes in risk with years-since-quitting, those who 
gave up many years ago would have smoked for fewer years and 
showed smaller risk and those who gave up smoking more recently 
would have smoked for more years and had greater risk. In 
Section 8.3, effort will be made to elucidate the effect of 
smoking-years on the risk of IHD.

We then consider whether there are particular groups of men 
who are likely to exhibit a higher relative risk of smoking both 
before and after giving up smoking. Thus we examine whether the 
trend of IHD risk with years-since-quitting differs in relation 
to the number of cigarettes formerly smoked (Section 8.4), and 
whether men with lower blood pressure exhibit a higher relative 
risk in all ex-smoking groups (Section 8.5).

Throughout this chapter the adjusted risks will be taken 
to mean the risks calculated excluding men with doctor diagnosis 
of IHD and adjusting for age, systolic blood pressure and serum 
total cholesterol.

8.2 Years-since-quitting and the risk of IHD

8.2.1 Crude (Unadjusted! relative odds

We here examine how the IHD risk changes as years-since-
quitting increases. In Table 8-1, six logistic regression models 
are fitted with consideration of the influences of different 
factors on the estimates of IHD risk. Without specific 
assumptions about the exposure-risk relationship, the ex-smokers 
are categorised into four groups according to the years-since- 
quitting defined at entry. Unadjusted relative odds for IHD 
showed a clear decreasing trend with increasing years-since- 
quitting (Table 8-1: model 1 and Figure 8-1) . For men who
stopped smoking less than five years before the initial
screening, the unadjusted relative risk (2.86 95% CL 1.93-4.23)
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was almost identical to those for current cigarettes smokers 
(RR=2.66 95% CL 1.95-3.65) and for secondary pipe/cigar smokers 
(RR=2.59 95% CL 1.71-3.90). The risk in men who quit smoking 
from eleven to twenty years before entry was markedly reduced 
(RR=1.75 95% CL 1.13-2.75), but it was still some 50% greater 
than in never-smokers. Even men who gave up smoking over twenty 
years still showed a slight difference in risk from never- 
smokers, although it was not statistically significant (RR=1.26 
95% CL 0.74-2.14). This is in striking contrast to the claim 
from the Framingham Study that the risk disappears very rapidly 
after quitting [Gordon et al 1974].

8.2.2 Adjusted relative odds

However, the risks in ex-smokers, especially those who gave 
up most recently, may well have been exaggerated. As suggested 
in Chapter 7, we now exclude men with a doctor diagnosis of IHD 
and also adjust for age, systolic blood pressure and serum total 
cholesterol (Table 8-1: model 3). The relative odds of IHD were 
slightly reduced in current cigarette smokers (RR=2.41 95% CL 
1.76-3.30) and in secondary P/C smokers (RR=2.10 95% CL 1.31-
3.35), while a substantial reduction in risks was observed in the 
four ex-smoking groups. While those who had quit smoking for 0- 
5 years before entry still exhibited a markedly elevated risk 
(RR=1.95 95% CL 1.22-3.13) compared to never-smokers those who 
had quit longer ago did not have significantly raised risk. The 
declining trend with years-since-quitting was statistically 
significant (P=0.004).

8.2.3 Pre-existing IHD and breathlessness

Pre-existing IHD In model 4 (Table 8-1), analysis was
restricted to men free of any evidence of IHD at the initial 
screening so that the effect of giving up smoking on the risk of 
primary (first event of a man's whole life) IHD can be examined. 
Adjusting also for age, systolic blood pressure and serum total 
cholesterol, the relative odds for ex-smoking groups and current
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smokers were similar to those found in men free of a doctor 
diagnosis of IHD (model 3) . Thus in men who had given up smoking 
for less than five years the relative risk of IHD was 2.20 (95% 
CL 1.27-3.81). Men who had given up smoking longer ago do not 
exhibit any excess risk of IHD compared to never-smokers.

Breathlessness In model 5 (Table 8-1), exclusion of men with 
breathlessness (grade 2+3) at entry further reduced the adjusted 
relative odds in all four ex-smoking groups but not in current 
smokers and secondary P/C smokers, compared to model 3.

8.2.4 The risks during follow-up years 3-8

It was anticipated that the effects of selection in giving 
up smoking on the risk of IHD would diminish with the duration 
of the follow-up. Analyses restricted to the events which 
occurred during years 3-8 of follow-up should thus reduce the 
influence of selection. In model 6 (Table 8-1) men who developed 
a new major IHD event during the first 2 years of follow-up and 
men who had a doctor diagnosis of IHD at entry are excluded, and 
age, systolic blood pressure and serum total cholesterol are 
adjusted for. This would allow for two years for the effect of 
selection on being ex-smokers to diminish. The relative odds for 
IHD, especially in ex-smokers who had given up for 11-20 years, 
current smokers and secondary P/C smokers were further reduced 
compared to model 3. Nevertheless, the relative odds for IHD in 
current smokers (2.05 95% CL 1.42-2.98), secondary P/C
smokers(1.70 95% CL 1.00-2.98) and ex-smokers who had given up 
for less than 5 years at the initial screening (1.94 95% CL 1.17- 
3.20) were still significantly higher than in never-smokers. It 
is important to note that apart from men who may have restarted 
smoking, this ex-smokers group would have stopped smoking for 2 
more years during this period of follow-up.
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8.2.5 The risks within 2 years of stopping smoking

It is usually accepted that the excess risk of IHD would 
disappear very rapidly after stopping smoking. In another model, 
we split men who had given up for less than five years prior to 
the initial screening into 1-2 and 3-5 years. We found that the 
relative risk of IHD (excluding men with doctor diagnosis of IHD 
and adjusting for age, systolic blood pressure and serum total 
cholesterol) in men who had stopped smoking for 3-5 years prior 
to the initial screening (RR=1.87 95% CL 1.10-3.29) was only 
slightly lower than in men who had given up smoking for 1-2 years 
(RR=2.10 95% CL 1.10-3.89), strongly suggesting that it may take 
much longer than usually considered for the risk of IHD to 
disappear after stopping smoking.

8.3 Smoking-years and effect of quitting

8.3.1 Introduction

As we have mentioned in Chapter 4, the factor which is most 
likely to impair our attempt to establish an independent effect 
of giving up smoking is smoking-years. In other words, any 
observed reduction in risk of IHD with years-since-quitting could 
possibly be confounded by the effect of smoking-years. A strong 
argument could be made that the trend with years-since-quitting 
was an entirely artificial trend due to the effect of smoking- 
years. Alternatively, both smoking-years and years-since- 
quitting may determine the risk of IHD after stopping smoking. 
This section attempts to identify the magnitude of the effect of 
smoking-years in order to throw light on how much the reduction 
in risk with years-since-quitting may be attributed to smoking- 
years .
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8.3.2 In current smokers

To identify the independent effect of smoking-years in ex
smokers, we face the difficulty of separating it from the effect 
of years-since-quitting. We may be able to make some progress 
in this respect by confining the analysis to current smokers 
only. This will avoid the problem of the effect of quitting. 
According to smoking-years, the current smokers can be ranked and 
divided into four equal-size groups. They on average had smoked 
23, 31, 36 and 42 years respectively before they were enroled 
in the study. Comparisons of other risk factors between the four 
groups by smoking-years are given in Table 8-2.

Men with a doctor diagnosis of a heart attack were not 
excluded since it was related to their past smoking exposure. 
Age at entry was strongly correlated with smoking-years (r=0.78, 
P=0.0001), and in a sense it can also be regarded as a proxy for 
exposure to risk factors other than smoking such as such as blood 
pressure and serum total cholesterol. It is impractical to 
identify and control for all of these factors in our analyses. 
Controlling for age may achieve similar effect as adjustment for 
these factors, though it may not remove their confounding effects 
completely. On the other hand, adjustment for age would
inevitably reduce the chance of finding a trend in the risk with 
the smoking-years.

A clear increase in the unadjusted relative odds with 
smoking-years was observed for men who on average had smoked from 
23 to 42 years. Adjusting for systolic blood pressure and serum 
total cholesterol made little difference (Table 8-3). Thus, for 
men who on average had smoked for 23, 31, 36 and 42 years the 
adjusted relative odds of a heart attack were 1.5, 2.4, 3.2 and
3.5 respectively. However, the overall increasing trend in the 
relative odds disappeared (P=0.25) when age was taken into 
consideration, though men who had smoked for less than 27 years 
had the lowest risk.
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8.3.3 In ex-smokers

The relationship of smoking-years to the risk of IHD 
observed in current smokers may not apply to ex-smokers. For 
example, ex-smokers on average had smoked fewer years than 
current smokers. It would be important to confirm the effect of 
smoking-years in ex-smokers. Ideally we would examine the effect 
only amongst men who have given up smoking for equal number of 
years. Stratification analysis may provide a good proxy, but 
there will be a problem of small numbers.

Ex-smokers are stratified by years-since-quitting into three 
'quitting groups': <6, 7-16 and >17 years (Table 8-4). Within 
each of the quitting groups, the men are further divided by 
smoking-years into three groups (group I, II and III). The 
points chosen to group the men are those which produces similar 
numbers of men in each cell. Thus, there were 686, 672 and 675 
men for the groups who had given up for <6, 7-16 and >17 years 
respectively. In the quitting group who had given up for <6 
years, the three smoking-year groups (group I who on average had 
smoked cigarettes for 20.0 years, group II 29.6 years and group 
III 37.7 years) had 255, 221 and 210 men respectively.

The pattern of years-since-quitting and other potential 
confounders within each quitting group is provided in Table 8-
4. Men with a doctor diagnosis of a heart attack were not 
excluded since years-since-quitting were controlled, so that 
selection in giving-up due to a heart attack would be less likely 
to produce bias. There were only slight differences in the 
years-since-quitting between the three groups by smoking-years 
within each of the three quitting groups. Again, age as well as 
systolic blood pressure was strongly associated with smoking- 
years .

Both unadjusted and adjusted relative risks are calculated 
and provided in Table 8-5. The unadjusted relative risk of IHD 
was apparently associated with smoking-years in each of the three
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quitting groups. The relative odds adjusted for systolic blood 
pressure and serum total cholesterol showed a similar pattern. 
Thus in men who had given up under 6 years, the adjusted relative 
odds was 1.40, 2.58 and 3.08 respectively for men who had smoked 
for 20, 30 and 38 years before they had given up. Men who on 
average had given up smoking for over 17 years had relative risks 
of 0.86, 0.83 and 1.68 respectively for those having smoked for 
3.8, 9.2 and 17.3 years. After adjusting for age the increasing 
trend disappeared. It is noteworthy that the relative risk was 
greatest in men who had given up fewer than 6 years, intermediate 
in men who had given up from 7-16 years, and lowest in those who 
had given up over 17 years.

8.3.4 Summary and discussion

In the BRHS data, we could demonstrate a dose-response 
effect of smoking-years on the unadjusted relative risk of IHD 
in ex-smokers as well as in current cigarette smokers. The trend 
disappeared completely when age was taken into account, but this 
is to be expected. We now are left with the difficulty of 
deciding which model more correctly reveals the reality of the 
effect of smoking-years. The unadjusted effect of smoking-years 
may well be over-estimated by the effects of the risk factors 
which increase with age and were not under control. On the other 
hand, adjusting for age may obscure an observation of the effect 
of smoking-years which is highly associated with age. It would 
seem to be impossible to decide definitely whether there is an 
increase in IHD risk with smoking-years from this data. What 
does seem clear is that any effects of smoking-years will 
effectively be removed once age is adjusted for. It is concluded 
that after adjustment for age, smoking-years are unlikely to 
confound the relative risks of IHD with years-since-quitting.
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8.4 Cigarettes smoked per day and effect of quitting

It is presumed that it would take longer for the risk in 
heavy smokers to diminish after quitting (to level observed in 
never-smokers) than in light smokers. Figure 8-2 compares light 
smokers (<20 cigarettes/day) with heavy smokers (>20 
cigarettes/day). Men with doctor diagnosis of IHD are excluded, 
and age, systolic blood pressure and serum total cholesterol are 
adjusted for. Within the first five years of giving up, the risk 
in heavy smokers (RR=2.27 95% CL 1.26-4.09) was nearly as high 
as in current smokers (RR=2.41 95% CL 1.71-3.38). The risk was 
reduced but still considerably higher than in never-smokers 
amongst heavy smokers who had given up smoking for 6-10 (RR=1.36 
95% CL 0.62-2.97) and 11-20 years (RR=2.21 95% CL 1.14-3.93). 
In light smokers, the risk was lower than in heavy smokers from 
the very time of quitting (RR=1.70 95% CL 0.93-3.09). Though 
showing a similar pattern with years-since-quitting, the risk in 
light smokers was reduced rapidly and showed no further 
difference from never-smokers after five years of quitting.

8.5 Systolic blood pressure and effect of quitting

In the last chapter, we have found that the strength of the 
association (in terms of relative risk) of smoking with risk of 
IHD is conditional on the levels of other risk factors, in 
particular blood pressure. Applying this to the issue of giving 
up smoking, we would expect the relative risks of IHD with years- 
since-quitting to differ in those with different levels of blood 
pressure.

Excluding men with doctor diagnosis of IHD and adjusting for 
age, systolic blood pressure and serum total cholesterol, the 
relative odds of IHD were calculated for men with higher blood 
pressure and men with lower blood pressure separately, and were 
plotted in Figure 8-3. As expected, the relative odds of IHD 
with years-since-quitting were greater in men with lower blood 
pressure than those with higher blood pressure in each of smoking
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categories. A declining pattern in the risk with years-since- 
quitting was, nevertheless, similar in both groups. Importantly, 
the risks in those with lower blood pressure who had given up 
smoking over twenty years were still greater than never-smokers 
(though not statistically significant) while the excess risks in 
men with higher blood pressure were not seen after five years of 
giving-up. Apparently, as pointed out in Chapter 7, the absolute 
risk of IHD in current smokers who have higher blood pressure was 
much higher than in current smokers who have lower blood pressure 
(data not shown in Figure 8-3).

The results show the potential importance of other risk 
factors when evaluating the effect of quitting smoking. 
Etiologically, the weak association of years-since-quitting with 
risk of IHD could be strengthened by restricting studies to 
populations with lower levels of the extraneous factors which do 
not additively interact with smoking. Systolic blood pressure 
provides an example in point, although it is impossible from our 
data to prove that systolic blood pressure is not biologically 
interacted with smoking on the risk of IHD.

8.6 Summary and comments

In the previous chapter, after excluding those with doctor 
diagnosis of a heart attack and adjusting for age, systolic blood 
pressure and serum total cholesterol, the relative risk of IHD 
was 1.26, which was not significantly different from no excess 
risk compared to never-smokers (95% CL 0.88-1.84). When ex
smokers were split into groups based on years-since-quitting at 
entry, the unadjusted relative risks were 2.86 (95% CL 1.93- 
2.43), 1.55 (95% CL 0.93-2.58), 1.75 (95% CL 1.13-.275) and 1.26 
(95% CL 0.74-2.14) in men who had given up smoking for 1-5, 6- 
10, 11-20 and >20 years prior to the initial screening
respectively. After excluding men with a doctor diagnosis of IHD 
and adjusted for age, systolic blood pressure and serum total 
cholesterol, only men who had given up for less than 5 years
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prior to the initial screening had a raised risk (RR=1.95 95% CL 
1.22-3.13). Those who had given up longer ago did not have any 
significantly raised risk.

Further dividing ex-smokers into light and heavy smokers, 
the excess risk of IHD in light smokers would appear to disappear 
within five years of stopping smoking, while in heavy smokers it 
seemed to take substantially longer (more than 15 years) for the 
risk to return to that seen in never-smokers.

There was a clear trend of increasing unadjusted risk of 
IHD with increasing smoking-years in ex-smokers as well as in 
current smokers. However, the trend disappeared once age had 
been adjusted for. This does not prove that there is no effect 
of smoking-years on risk, but it does demonstrate that adjustment 
for age will remove any confounding effect of smoking-years in 
the analyses of years-since-quitting.

A similar pattern of the risk for primary IHD with years- 
since-quitting was also observed, suggesting that exclusion of 
all men with pre-existing IHD (rather than doctor diagnosis of 
IHD) at the initial screening is not necessary. Although 
exclusion of breathless men is not fully justified and may over
estimate the relative risk in ex-smokers, the risk after the 
exclusion of breathless men in ex-smokers who had given up for 
less than five years was still significantly higher than in 
never-smokers.

It is generally accepted that the excess risk of IHD may 
disappear very rapidly after stopping smoking. In the BRHS data, 
the adjusted relative risk of IHD in men who had given up for 3- 
5 years (RR=1.87 95% CL 1.10-3.29) was significantly higher than 
in never-smokers and only slightly lower than men who had given 
up for less than 2 years (RR=2.10 95% CL 1.10-3.89). Some other 
reports [Doyle et al 1964, Best et al 1967, Kahn 1966] also 
suggested that at least 5 years are required for the excess risk 
to fall off after stopping smoking. In addition, the results
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restricting to new major IHD events occurred from 3-8 years of 
follow-up were similar to those without the restriction, 
suggesting a negligible effect of the selection after excluding 
men with a doctor diagnosis of IHD.

It is noteworthy that as follow-up proceeds the number of 
years-since-quitting grows. Thus, the ex-smokers who had given 
up for 1-5 years at entry would have given up for 9-13 years by 
the end of eight-year follow-up. This indicates that the time 
required for the excess risk to disappear would be longer than 
suggested by the analyses using the years-since-quitting defined 
at the initial screening.
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Table 8-2 Smoking-Years and Risk Factors of IHD in Current 
Cigarette Smokers Only: Mean and Standard Error

Variables Never Smokina-vears (Current Smoker*R\
Smokers <27 28-33 34-38 >39

Smoking-years 23.11 30.53 36.05 42.01--- 0.153 0.060 0.050 0.094
Age (Years) 48.75 44.43 47.97 52.57 56.27

0.143 0.145 0.133 0.122 0.095
CIGSDAY --- 20.90 21.43 20.95 21.12--- 0.457 0.398 0.381 0.359
SBP 143.5 141.7 143.6 146.1 147.8

0.515 0.712 0.688 0.750 0.802
DBP 82.79 81.06 81.29 81.38 80.67

0.336 0.496 0.441 0.450 0.476
CHOL 6.25 6.32 6.33 6.26 6.22

0.025 0.043 0.039 0.038 0.036
BMI 25.68 25.28 24.94 24.97 24.79

0.079 0.127 0.114 0.118 0.120
TRIG 1.92 2.16 2.12 2.07 1.96

0.347 0.084 0.056 0.049 0.046
HDL-C 1.17 1.12 1.13 1.12 1.14

.0064 .0098 .0099 .0103 .0106
TBS 96.54 93.17 91.22 90.40 90.14

0.553 0.797 0.760 0.826 0.788

Cadmium 0.906 3.178 3.164 3.043 3.092
0.020 0.068 0.069 0.056 0.056

LogWCC 22.55 22.78 22.78 22.79 22.79
.0055 .0091 .0082 .0082 .0080

Notes: For the full name of the variables see Abbreviations on page 12.
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Table 8-3 Smoking-Years and Risk of IHD in Current Smokers

Never
Smokers

Smokina-vears (Current Smokers) 
<27 28-33 34-38 >39

Number of Men 1624 736 807 787 820

Number of Events
Pre-existing IHD 50 22 34 54 85
New Major IHD 52 34 59 76 89

Relative Odds (new IHD)
Unadjusted 1.00 1.44 2.28 3.02 3.39
SBP+CHOL * 1.00 1.51 2.36 3.24 3.47
AGE+SBP+CHOL * 1.00 1.97 2.61 2.72 2.47

Notes: *, Variables adjusted for.
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Table 8-4 Smoking-Years and Risk factors of IHD amongst 
Ex-smokers by Groups of Years-Since-Quitting

Types of 
of IHD

Never GrouDS bv Years of 
Smokers I II

Smokina
III

Years - Since - Quitting: <6

Number of Men 1624 255 221 210
Number of Events 52 11 20 25
Smoking-years (SY) --- 20.0 29.6 37.7
(SY Range --- <25 25-33 >33)
Years-Since-quitting --- 3.5 3.5 2.8
Age (Years) at Entry 48.8 45.3 51.0 56.3
SBP 143.5 142.5 148.7 154.6
CHOL 6.25 6.40 6.56 6.46

Years-Since-Quitting: 7 -16

Number of men 1624 240 225 207
Number of Events 52 9 13 15
Smoking-Years (SY) --- 13.0 22.2 29.9
(SY Range --- <18 18-25 >25)
Years-Since-quitting --- 11.8 11.3 10.1
Age (Years) at Entry 48.8 45.8 51.4 55.8
SBP 143.5 141.7 147.3 153.5
CHOL 6.25 6.28 6.40 6.38

Years - Since - Quit ting: >17

Number of Men 1624 245 208 222
Number of Events 52 7 7 17
Smoking-Years (SY) --- 3.8 9.2 17.3
(SY Range --- <6 6-12 >12)
Years-Since-Quitting --- 28.4 25.0 21.3
Age (Years) at Entry 48.8 50.1 51.4 54.8
SBP 143.5 144.0 147.1 151.5
CHOL 6.25 6.31 6.20 6.32
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Table 8-5 Smoking-Years and Relative Odds of a New IHD
Event in Ex-smokers Only

Never GrouDS bv Years of Smoking
Smokers I II III

Years-Since-Quitting: <6

Smoking-Years 0.0 20.0 29.6 37.7
Unadjusted RR 1.00 1.34 2.83 3.72
Adjusted RR

SBP+CHOL * 1.00 1.40 2.58 3.08
AGE+SBP+CHOL ★ 1.00 2.04 2.34 1.92

Years-Since-Quitting: 7- 16

Smoking-Years 0.0 13.0 22.2 29.9
Unadjusted RR 1.00 1.17 1.81 2.26
Adjusted RR

SBP+CHOL * 1.00 1.25 1.53 1.80
AGE+SBP+CHOL * 1.00 1.73 1.33 1.11

Years - Since - Quitting:

Smoking-years 0.0 3.8 9.2 17.3
Unadjusted RR 1.00 0.89 1.05 1.97
Adjusted RR

SBP+CHOL * 1.00 0.86 0.83 1.68
AGE+SBP+CHOL * 1.00 0.78 0.72 1.16

Notes: *, Variable adjusted for.
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Figure 8-1 Crude and Adjusted Relative Odds for IHD 
in Relation to Years-Since-Quitting
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Figure 8-3 Relative Odds of I FID Adjusted for AgeJ SBP and 
CHOL in Men Free of Doctor Diagnosis of IHD in Relation to 

Years-Since-Quiting by Systolic BLood Pressure Levels
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9.1 Giving up smoking and the risk of IHD

9.1.1 Results adjusted for age only

The BRHS data confirmed the relationship of current 
cigarette smoking with the risk of IHD (fatal + non-fatal 
myocardial infarction) in these middle-aged British men. The 
age-adjusted relative risk of IHD among current cigarette smokers 
over the eight years of follow-up was 2.4 (95% CL 1.7-3.2)
compared to never-smokers. In ex-smokers, who on average had 
given up smoking for 13 years prior to the initial screening, the 
age-adjusted relative risk was 1.6 (95% CL 1.1-2.2), which was 
significantly lower than in current smokers. Although the risk 
in ex-smokers was only slightly higher than in never-smokers, 
there was a significant trend of declining risk of IHD with 
increasing years-since-quitting-smoking prior to the initial 
screening. In particular, in ex-smokers who had stopped smoking 
for less than five years the risk was as high as in current 
smokers. In the ex-smokers who had stopped smoking longer ago 
the risk was still higher than in never smokers, though not 
statistically significant.

9.1.2 Sources of bias and confounding

The age-adjusted results, particularly those regarding the 
effect of giving up smoking on the risk of IHD, are prone to many 
sources of bias and confounding. Although exclusion and 
adjustment have been exercised in many prospective studies, they 
are not well justified. In Chapter 4, 5 and 6, special efforts 
were made to identify the possible confounding effects and 
sources of bias in the BRHS data. In Chapter 7 and 8, the 
magnitude of possible bias and confounding were assessed in terms 
of actual changes to prospective estimates of the relative risks 
and proper control for these factors was suggested. The findings 
are summarised as follows.
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9.1.2.1 Bias due to smoking exposure measurement

People may lie about or may not be able to correctly report 
their smoking habits and their smoking status may change during 
the follow-up. The main smoking groups used as a measurement of 
the exposure to tobacco smoking may also not be adequate due to 
additional smoking variables. Lying about smoking habits in such 
circumstance as in the BRHS would be more likely to manifest 
itself as current cigarette smokers deceiving regarding their 
present smoking habits than that ex-smokers and never-smokers 
falsely stated that they smoked cigarettes. Britten [1988] 
reported that in a cohort study 8% of ex-smokers deceived 
concerning their previous smoking habits. Changes in smoking 
habits were observed in the BRHS between the initial screening 
and the fifth year of follow-up. In particular, one-fifth of 
current smokers at the initial screening reported stopping 
smoking, while 6.5% of ex-smokers resumed and 2.4% of never- 
smokers apparently started smoking pipe/cigars or cigarettes at 
five years. Both lying and changes in smoking habits would tend 
to underestimate the relative risk in ex-smokers and current 
smokers. In particular, 6.5% of ex-smokers resuming smoking is 
believed to overestimate the relative risk among ex-smokers by 
at most 10% (see Chapter 4).

With regard to the additional smoking variables, smoking- 
years is potentially the most important. The studies which have 
examined the issue have not found evidence to support a dose- 
response effect of smoking-years on the risk of IHD among current 
cigarette smokers [Doyle et al 1964, Best et al 1967, Kahn et al 
1968]. This may well be expected since in these studies the 
relative risks with smoking-years were adjusted for age which 
is highly correlated with smoking-years. In the BRHS men, we 
found a significant trend of increasing unadjusted risk of IHD 
with increasing smoking-years in ex-smokers as well as in current 
smokers. The trend disappeared once age had been adjusted for. 
In conclusion, these findings do not disprove an effect of 
smoking-years on risk, but demonstrate that adjustment for age
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will remove any confounding effects of smoking-years on IHD risk 
with years-since-quitting.

9.1.2.2 Bias due to selection in stopping smoking

Ex-smokers are not a random sample of current cigarette 
smokers and smokers may give up smoking due to factors predictive 
of IHD [Doll & Peto 1976]. At the initial screening, men with 
a doctor diagnosis of IHD were over-represented in ex-smokers. 
Prospectively, two-thirds of the middle-aged men who survived a 
heart attack in the first five years of follow-up had stopped 
smoking at five years, although pre-existing IHD at the initial 
screening did not predict future giving up smoking at all. The 
findings strongly suggest that some smokers had given up smoking 
due to the development of new IHD, particularly that diagnosed 
by a doctor. Smokers may also have given up smoking due to the 
development of such conditions as recall of doctor diagnosis of 
hypertension and recall of other IHD-related or smoking-related 
conditions. As a result, the risk of IHD in ex-smokers, 
particularly in those who had given up smoking very recently, 
would be overestimated. Exclusion of men with these conditions 
is recommended if one is to obtain a reasonable estimates of the 
effects of giving up smoking.

Exclusion of men with a doctor diagnosis of IHD at the 
initial screening substantially reduced the relative risk of IHD 
among ex-smokers, while exclusion of men with a doctor diagnosis 
of IHD-related disease, particularly hypertension, increased the 
relative risk in ex-smokers. A warning from this analysis is 
that excluding men with IHD-related diseases which are not 
strongly related to giving up may overestimate the relative risk 
among ex-smokers. This will be explained later. In order to 
avoid an overestimation of the relative risks in ex-smokers, men 
with a doctor diagnosis of IHD were excluded, but men with a 
doctor diagnosis of IHD-related diseases were included in the 
prospective analyses. The smoking-related conditions may not be 
related to the risk of IHD and the exclusion of men with these
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It is also noteworthy that the exclusion of these conditions 
may lead to underestimation of the risk in ex-smokers since some 
men may have had the conditions due to previous exposure to 
smoking. We can envisage that the effect of smoking on the risk 
of IHD would be completely removed if we could exclude every man 
with conditions which result from smoking. Practically, we would 
assume that the true risk of IHD in ex-smokers is somewhere 
between the risks estimated with and without the exclusion.

9.1.2.3 Confounding effects

In the BRHS data, some potential confounding factors are 
found to differ between the smoking groups at the initial 
screening, and ex-smokers have the least favourable levels of 
these factors. This has been shown cross-sectionally by several 
other studies [Kato et al 1989, Gordon et al 1975, Friedman et 
al 1981]. Prospectively, Friedman et al [1979] claimed that 'it 
would appear that smokers who later quit may already have a 
somewhat lower CHD risk than smokers who persist'. In contrast, 
we noted that quitters were at slightly higher levels of most 
(continuous) risk factors before they quit from those who 
continued to smoke. As we have mentioned above, both cross- 
sectional and prospective data suggested that people who had been 
diagnosed as having a heart attack or hypertension were much more 
likely to give up smoking than those who had not been so 
diagnosed. It would be reasonable to assume that the elevated 
risk factors among those who gave up smoking are in part 
attributable to the selection in giving up smoking.

With respect to risk estimation, this would lead one to 
expect that these risk factors would not be of importance if men 
with the above mentioned diseases at the initial screening were 
excluded. In fact, adjustment for systolic blood pressure and 
serum total cholesterol further reduced the relative risk, 
although the reduction was not marked. Adjustment for all six
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potential confounding variables measured by the BRHS leads to 
similar results for the relative risk in ex-smokers. This 
suggests that after exclusion of men with a doctor diagnosis of 
IHD and adjustment for age, other risk factors still have some 
effects on the risk of IHD in ex-smokers and further adjustment 
for systolic blood pressure and serum total cholesterol is 
sufficient to remove these confounding effects. However, we can 
not rule out that the effect of systolic blood pressure and serum 
total cholesterol on the risk estimates is due to the changes 
after stopping smoking and should not be adjusted for. It has 
been reported that smokers who give up smoking put on more weight 
than those who continue to smoke [Gordon et al 1975]. We also 
have found that smokers who later quit tend to gain more weight 
than persisters and never smokers. The weight gain may well be 
associated with changes in serum total cholesterol and blood 
pressure. In spite of this, systolic blood pressure and serum 
total cholesterol were still adjusted for in order to avoid over
estimation of the risk in ex-smokers.

9.1.3 Results adjusted for all possible confounders

9.1.3.1 Main findings from the BRHS

The 'unbiased' relative risks here refer to those obtained 
in the analyses where men with a doctor diagnosis of IHD at the 
initial screening are excluded and age, systolic blood pressure 
and serum total cholesterol are adjusted for. The risks in 
current cigarette smokers remained unchanged after the exclusion 
and adjustment, being 2.4 (95% CL 1.8-3.3). As in many other 
studies, no apparent dose-response effect was observed with the 
number of cigarettes per day. This may be due to some heavy 
smokers having reduced their cigarette consumption but 
compensated through their inhaling habits.

The relative risk in ex-smokers was 1.3 which is not 
statistically significant (95% CL 0.9-1.8). Dividing ex-smokers 
into four sub-groups by years-since-quitting the relative risks
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were 2.95 (95% CL 1.2-3.1), 1.0 (0.5-1.9), 1.5 (0.9-2.4) and 0.7 
(0.4-1.3) respectively for men who had given up smoking for 1- 
5, 6-10, 11-20 and 20 years prior to the initial screening.
Further, in former light smokers (<20 cigarettes/day), the risk 
of IHD in those who had given up smoking for less than 5 years 
was significantly higher than in never-smokers, while in those 
who had given up smoking longer ago the risks were similar to 
those for never-smokers. In contrast, in former heavy smokers 
(>20 cigarettes/day) the excess risk persisted for up to 20 years 
after stopping smoking. Only in men who had given up smoking for 
more than 20 years prior to the initial screening was the risk 
similar to that for never-smokers.

Selection in stopping smoking due to reasons other than 
recall of doctor diagnosed IHD may also induce bias. It is, 
however, impractical to identify and exclude all the men with 
these conditions. It is anticipated that the selection effect 
would diminish with time. Restricting the analysis to the new 
IHD events which occurred from 3-8 years of follow-up hardly 
affected the results, suggesting that after exclusion of men with 
a doctor diagnosis of IHD at the initial screening bias due to 
selection of ex-smokers was largely removed.

It is usually considered that the risk of IHD reverts to 
normality very rapidly after stopping smoking. It was therefore 
interesting to examine whether the risk disappeared within two 
years of stopping smoking. The BRHS data showed that the 
adjusted relative risk for ex-smokers who had given up for 3-5 
years was 1.87 compared to 2.0 for those who had given up for 
less than 2 years. Clearly, the risk of IHD remained raised 
throughout the first five years of stopping smoking, in contrast 
to the general belief.

In conclusion, the excess risk of IHD does not disappear 
immediately after stopping smoking. In contrast to the generally 
accepted view, it may take at least five years for the excess in 
light ex-smokers to completely revert to that seen in never-
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smokers and much longer (possibly as long as 20 years) in heavy 
ex-smokers.

It should also be stressed that at the entry to the study 
the ex-smokers on average had given up smoking for many years. 
As the follow-up prolonged the years-since-quitting increased. 
In the BRHS, ex-smokers on average had stopped smoking for 
thirteen years prior to the initial screening. By the end of the 
eight years of follow-up, unless resuming smoking, they would 
on average have given up smoking for twenty-one years. 
Therefore, the time required for the excess to disappear would 
be even longer than that indicated by the above analyses.

9.1.3.2 Comparisons with other studies

Current smoking and the risk of IHD The results in relation 
to current smoking are generally in line with similar studies of 
the British population. In a restricted occupational group - the 
British male doctors - the un-adjusted relative risk of death 
from IHD was 2.2 for current smokers aged 20-65 [Doll & Peto 
1976], In a slightly older group (aged 40-64) of British Civil 
Servants, the Whitehall study [Reid et al 1976] reported a 
slightly lower age-adjusted relative risk of death from IHD; 1.6 
for light smokers (<20 cigarettes/day) and, 1.8 for heavy smokers 
(>20 cigarettes/day). A similar association of smoking with the 
risk of IHD has also been found in North America and other 
European communities (see Table 2-la and 2-lb).

Small divergence in the smoking-induced relative risk of 
IHD generally existed in prospective studies. It is difficult 
to explain the discrepancy since different studies can be so 
different in many factors which could affect the estimates of the 
IHD risks. In brief, the factors may include the selection of 
study subjects, the procedure of follow-up (end-point of the 
disease, completeness of follow-up, diagnostic criteria, and the 
length of follow-up), the prevalence or levels of other 
predictive factors of IHD such as age, blood pressure and serum
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cholesterol, and analytical strategies, particularly in 
considerations for bias and confounding effects.

One factor I want to particularly stress is the prevalence 
of other risk factors. We found that men who were at higher 
level of serum total cholesterol exhibited a slightly greater 
relative risk of IHD due to smoking than men at lower serum total 
cholesterol. A more significant difference in the relative risk 
was found between men with different levels of systolic blood 
pressure; the lower the average blood pressure of a population, 
the higher the relative risk associated with cigarette smoking. 
Except for MRFIT study (Kannel et al 1986], similar results have 
been reported for serum total cholesterol [Doyle et al 1964, Reid 
et al 1976, Willett et al 1987] and for blood pressure [Doyle et 
al 1964, Hammond & Garfinkel 1969, Reid et al 1976, Willett et 
al 1987]. These results show the potential importance of other 
risk factors when evaluating the effect of quitting smoking. In 
summary, the weak association of smoking with risk of IHD could 
be strengthened by restricting to populations with lower levels 
of the extraneous factors which do not additively interact with 
smoking. Therefore, levels of other risk factors should be taken 
into account when comparing results from different studies. In 
addition, this may also explain why exclusion of men with doctor 
diagnosis of hypertension increased the relative risk in our 
data.

Benefit of stopping smoking The marginal excess in the risk 
found in ex-smokers is largely in agreement with most similar 
studies (for details see Table 2-la and 2-lb). With regard to 
years-since-quitting, the BRHS data showed that the risk in heavy 
smokers who had given up smoking for 11-20 years was still 
significantly higher than never-smokers, although it may 
disappear more promptly in light smokers. Four prospective 
studies [Hammond & Garfinkel 1969, Doll & Peto 1976, Rogot et al 
1980, Jajich et al 1984] (see Table 2-ld and Figure 2-1) which 
had data in this respect reported similar results. In none of 
the seven study groups from the four studies had the excess risk
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of IHD disappeared within 10 years after stopping smoking 
cigarettes. It is likely to take up to 15 years for the risk to 
completely revert to that seen in never-smokers.

The persistence of the risk of IHD after stopping smoking 
cigarettes is generally in agreement with the data from case- 
control studies and post-MI studies. Case-control studies with 
data on years-since-quitting suggested that it take some 10 years 
for the excess risk to disappear. Men who surviving a heart 
attack reduce their risk of IHD if they stopping smoking and the 
benefit seems to continue for more than 7 years. Intervention 
trials and ecological studies have provided little useful 
evidence on this matter.

However, there is conflict with the 'generally' accepted 
concept that the excess risk of IHD disappears in a few years 
after quitting smoking. In particular, the Framingham study 
[Gordon et al 1974] which has been most widely quoted in this 
matter, claimed that there was an apparently prompt drop in the 
incidence of IHD after men stop smoking and therefore concluded 
that smoking has a non-cumulative, transient, reversible effect 
on the risk of IHD. This conclusion is drawn basically, however, 
from the finding that quitters, who on average had stopped 
smoking for 6 years, had half of the IHD risk experienced by 
persisters. This is not identical to the statement that the risk 
has completely reverted to that seen in never-smokers. The 
evidence is seriously compromised by an important omission: the 
comparisons of quitters and persisters with never-smokers. 
Further the Framingham study revealed that never-smokers 
exhibited a risk of IHD even higher than ex-smokers defined at 
entry and quitters defined during the follow-up. The 
characteristics at entry showed that future quitters were at a 
lower risk of IHD than persisters and these baseline differences 
were not adjusted for in the risk analyses. This throws serious 
doubts on the comparability of the quitters with persisters and 
never smokers. In summary, that the risk was halved in six years 
after stopping smoking does not prove that it has completely
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reverted to that seen in never-smokers and, failure to take 
account of selection in giving up smoking makes the conclusion 
still more debatable.

9.2 Pipe/Cigar smoking and the risk of IHD

Pipe/cigar smokers can be divided into two categories: 
primary P/C smokers, men who currently smoked only pipe/cigars 
at the initial screening and had never-smoked cigarettes, and 
secondary P/C smokers, men who had previously smoked cigarettes 
and currently smoked only pipe/cigar. In the BRHS men, primary 
P/C smokers showed no increased age-adjusted risk of IHD (RR=0.7, 
95% CL 0.3-2.2) compared with never-smokers while secondary P/C 
smokers were at a risk (RR=2.2, 95% CL 1.5-3.4) as high as that 
seen in current cigarette smokers. Further adjusting for 
systolic blood pressure and serum total cholesterol and excluding 
men with a doctor diagnosis of IHD the pattern was little 
changed.

It is generally reported that there is no increased risk 
in primary P/C smokers and there was a slightly increased risk 
of IHD among those mixed with primary and secondary P/C smokers. 
The British doctor study [Doll & Peto 1976], the only other study 
which separated primary and secondary P/C smokers, reported a 
relative risk of 0.7 in primary P/C smokers and 1.3 in secondary 
P/C smokers aged under 65 years, compared to 2.2 in current 
cigarette smokers.

In contrast to a 2-fold excess risk among current cigarette 
smokers, how would one explain the absence of the association of 
smoking with the risk of IHD in primary P/C smokers? Does this 
finding carry any information for the mechanism regarding the 
relationship of smoking to the risk of IHD? One explanation for 
the difference in the risk between primary and secondary P/C 
smokers is the additional smoking variables. Primary P/C smokers 
do not tend to inhale while secondary P/C smokers appear to
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retain their inhalation habits even after switching to other 
types of smoking [Dawber 1976, Turner et al 1986]. It has been 
noted that those who inhale cigarette smoke tend to have greater 
risk than those who do not [Doll & Peto 1976, Reid et al 1976]. 
The excess risk of IHD in secondary P/C smokers my also be partly 
explained by the persistent effect of past cigarette smoking. 
The secondary P/C smokers of the BRHS on average had smoked 23.8 
cigarettes/day for 21.6 years and had stopped for 12.0 years 
prior to the initial screening, compared to 24.1 cigarettes for 
20.0 years and 13.2 years of abstinence from smoking respectively 
for ex-smokers.

9.3 Implications

9.3.1 Understanding the possible mechanisms

The mechanisms by which cigarette smoking leads to an 
increased risk of IHD have not been conclusively established. 
All the possible hypotheses fall into two categories: chronic 
and acute. A mechanism would have a chronic effect on the risk 
of IHD if it persists for a long period of time after stopping 
smoking. Otherwise if a mechanism disappears very rapidly after 
stopping smoking, it would have only acute effect on the risk of 
IHD unless its potential damage on the heart is not easily 
reversible. One of the chronic mechanisms may be smoking's 
acceleration of coronary atherosclerosis [Surgeon General 1983, 
McGill 1988, PDAY 1990], possibly a consequence of the disorder 
of blood lipids observed among cigarette smokers. Since coronary 
atherosclerosis occurs over a period of decades, one would not 
expect any significant regression of established atherosclerosis 
to occur within a short period of time (eg a year or so) [McGill 
1988].

Recently a few studies using drug treatment and lifestyle 
modifications to revert coronary atherosclerosis seem to portray 
the opposite: Regression of coronary atherosclerosis in patients
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with ischaemic heart disease could begin to occur within a year 
after intervention [Blankenhorn et al 1987, Blankenhorn et al 
1988, Brown et al 1989, Kane et al 199, Ornish et al 1990, 
Cashin-Hemphill et al 1990]. In particular, the Lifestyle Heart 
Trial, a prospective, randomised, controlled trial of 28 patients 
with IHD in an experimental group and 20 in a control group, 
reported that the average percentage diameter stenosis regressed 
from 40.0 (SD 16.9)% to 37.8 (16.5)% in the experimental group 
yet progressed from 42.7 (15.5)% to 46.1 (18.5)% in the control 
group [Ornish 1990].

These findings seem to suggest stabilization or a regression 
of atherosclerosis rapidly after proper drug therapy or lifestyle 
modification, although these studies have their critics [Wynn 
et al 1990]. However, it does not disprove a chronic effect of 
smoking on the risk of IHD. First, atherosclerotic effect is 
probably not the only mechanism through which smoking increases 
the risk of IHD. Second, the 5.8% {(27.8-40.0)/40> regression 
in the diameter of stenosis does not mean that it would not take 
many years to see significant regression of established 
atherosclerosis if reversible. Actually, the 3-4 year follow- 
up of the Cholesterol Lowering Atherosclerosis Study [Blankenhorn 
1987] indicates that the regression of atherosclerosis can 
continue for 4 years [Cashin-Hemphill 1990]. Normally cigarette 
smokers who stop smoking would not experience such a dramatic 
reduction in other atherosclerotic factors in a short period of 
time as in intervention trials so that the regression in ex
smokers may be much slower. It may well be possible too that 
stopping smoking alone may not bring about any regression in 
atherosclerosis at all. Third, the reversibility of severe 
atherosclerosis in the IHD patients in these trials may well be 
different from light or moderate cases as in normal cigarette 
smokers who have not developed a heart attack.

Another mechanism which may be associated with chronic 
effect of smoking on the risk of IHD are the haemostatic [Meade 
et al 1979, Yarnell et al 1985] and haematologic [Howell 1970,
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Corre et al 1971, Friedman et al 1973, Fisch & Freedman 1975] 
factors such as fibrinogen and white cell counts, which are 
related to the risk of acute myocardial infarction and subsequent 
death probably by augmenting the proneness to a lethal arrhythmia 
and thrombosis [Friedman et al 1974, Meade et al 1980, Davies & 
Thomas 1984, Wilhelmsen et al 1984, Meade et al 1986, Ernst et 
al 1987]. It has been found that blood fibrinogen may reverse 
to levels seen in never-smokers in about five years after 
stopping smoking [Meade et al 1987, Yarnell et al 1987], while 
it seems to take more than ten years for white blood counts to 
completely fall off to the level of never-smokers [Yarnnell et 
al 1987].

There are also lines of evidence suggesting an acute 
cardiovascular effect of smoking. Cigarette smoking has been 
shown to have some short-term cardiovascular influences and 
hemodynamic effects which may be mediated by nicotine stimulating 
the sympathetic nervous system and augmenting liberation of 
catecholamine, and by increased carboxyhamoglobin levels 
[Benowitz 1988]. Among people with some degree of compromised 
coronary circulation these effects may precipitate a myocardial 
infarction or sudden death. The half-time of nicotine in blood 
is only about two hours [Prignot et al 1987]. That is in about 
ten hours of stopping smoking nicotine will basically disappear 
in smokers' blood. However, Wald et al [1981] provided some 
evidence against nicotine as a cause of ischaemic heart disease. 
Pipe only smokers were found to have a higher serum cotinine (a 
main metabolite in human body) concentration than current 
cigarette smokers, but the relative mortality of IHD (from 
different populations) in pipe only smokers was 1.13 which is 
lower than 1.75 in current cigarette smokers.

The BRHS, other prospective studies and case-control studies 
suggested two phases of the declining risk of IHD after stopping 
smoking: a rapid phase in the first five years of quitting and 
a slow phase from 5 to 20 years. These findings support the 
assumption of co-existence of acute and chronic effect of
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cigarette smoking on the risk of IHD. It is noteworthy that a 
weight gain has generally been observed after stopping smoking. 
The persistent effect of smoking on the risk of IHD may also be 
partly explained by the changes in some risk factors after 
stopping smoking, such as weight. Any increase in lean body 
weight would increase metabolic demands and oxygen consumption. 
Consequently, cardiac output and stroke volume would increase to 
meet the metabolic requirements and the risk of IHD increases. 
Increase in weight may also increase blood pressure and serum 
cholesterol, which are two major risk factors of IHD.

9.3.2 Prevention implications

The BRHS data indicate that the benefit of giving up 
cigarette smoking is not complete within 2-5 years as is usually 
claimed. Particularly in heavy smokers, it may take more than 
15 years for the excess risk to completely disappear after 
stopping smoking. Switching from smoking cigarettes to smoking 
pipe/cigars does not appear to reduce the risk for the 
development of IHD. The implications of these results for the 
anti-smoking campaigns aimed to prevent the epidemic of IHD in 
population are: i) to advise current cigarette smokers to give 
up smoking altogether rather than to switch to smoke pipe/cigars; 
ii) to advise current smokers to give up smoking as early as 
possible and iii) to persuade young non-smokers not to start 
smoking.

9.5 Conclusion

It is concluded that it may take many years, particularly 
in heavy smokers, for the excess risk of IHD to completely 
disappear after stopping smoking. This provides the
epidemiologic evidence that cigarette smoking may have an chronic 
effect in the development of IHD. The BRHS also found that 
cigarettes smokers switching to smoking pipe/cigars do not reduce 
their risk of IHD. These findings carry important implications
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for prevention of IHD: that emphasis should be put on educating 
children to avoid starting to smoke, and on advising current 
smokers to give up smoking altogether as early as possible.
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All the information recorded in th is  personal health record w i l l  be 

treated as s t r ic t l y  confidential and w i l l  be ava ilab le  only to your own 

doctor and the Regional Heart Study team. The resu lts  of the analysis 

of your replies to the questionnaire and the physical measurements made 

w i l l  be used by your own doctor as part of the individual health care 

which he provides fo r  you. The results of the research involving a l l  

the men taking part in the study wi 11 appear only in the form o f general 

s ta t is t ic s  from which i t  w i l l  be impossible to id e n t i fy  you as an 

individual .

I f  you have any questions or problems about any of the procedures included 

in your examination, do not hesitate  to ask the members of the Study 

team.

REGHE4RT
STUDY

THIS IS A MEDICAL RESEARCH SURVEY
ALL THE INFORMATION IS CONFIDENTIAL

PERSONAL HEALTH RECORD

THANK YOU FOR YOUR CO-OPERATION IN THIS STUDY. THE FINDINGS WILL HELP 

TO IMPROVE THE HEALTH OF MEN THROUGHOUT THE COUNTRY.
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Serial Number 

Card Number 

Date of Screening 

Time of Screening

1. GENERAL

What is your date of birth? Day

Month 

Year 19

Where were you born? Town .........................................

County .........................................

Country .........................................

1.2 How many years have you lived within 10 miles of th is  town?

I f  you have moved to this area within the la s t  f ive  years , 

where did you move from? ...................................................................

1.3 What is your marital status? Single 1

Married 2 

Widowed 3 

Other 4

years

1.4 How many children do you have?

<5 y r s .

5-10 y r s . 

11-16 yrs 

>16 yrs.

2. YOUR FATHER

2.1 Where was your Town ...........................................
fa the r  born? County ............................................

Country ...........................................

2.2 Is your father alive? ( Y/ N)

2.3 How old is he now? /  How old was he when he died?

□
years
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- 2-

2.4 I f  your fa ther has died, what were you told was the cause of 

his death? Heart trouble 1

High blood pressure 2

Stroke 3

Respiratory disease 4

Cancer o f lung 5

Other cancer ............................. 6

Accident or in ju ry  7

Other ............................................ 8

Don't know 9

3. YOUR MOTHER

3.1 Where was your Town ..........................................
mother born? - .County .........................................

Country .........................................

3.2 Is your mother alive? (Y/N)

3.3 How old is she now? /  How old was she when she died?

□

3.4 I f  your mother has d ied , wnat were you told was the cause of 

her death? Heart trouble 1

High blood pressure 2

Stroke 3

Respiratory disease 4

Cancer of breast 5

Other cancer ............................. 6

Accident or in ju ry  7

Other ............................................  8

Don't know 9

4. OCCUPATION

4.1 What is your present job? .................................................................

I f  employed go to question 4.4

4.2 I f  you are unemployed, for how long has this been? <(6 weeks 1

6wk.-5mo. 2 

6m o.- lyr . 3 
1 year □
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4.3 Is th is  because of i l l  health? (Y/N)

4.4 What kind of work have you done fo r  the longest period 

of time? .............................................................................................

4.5 What business or industry is this?

4.6 How many years have you done th is  kind of work?

4.7 Are/were you:

SELF-EMPLOYED

MANAGER 

FOREMAN

ORDINARY EMPLOYEE. 

ARMED SERVICES

with 25 or more employees 1 

with less than 25 employees 2 

without employees 3

of 25 or more people 

of less than 25 people

□

years

□

SEVERE CHEST PAIN

5.1 Have you ever had a severe pain in your chest last ing  fo r  

h a lf  an hour or more? (Y/N)

I f  NO, go to questi on 6 .

5.2 Where did you get this severe pain?

(Show chart.)

5.3 Did you see a doctor because of this pain? (Y/N)

6. CHEST PAIN

6.1 Do you ever have any pain or discomfort in your chest? (Y/N 

I f  NO, go to q u e s t io n / .

When las t  did y o u  get the pain? Within 1 month 1 

1-5 months ago 2

6-12 months ago 3

Over 1 year ago 4 ji
Occasionally 5 !

□

□

55
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6.3 How often do you get it?  Daily 1

Weekly 2

Monthly 3

Once only 4

Occasionally 5

6.4 Where do you get th is  pain or discomfort?

(Show c h a r t . )

6.5 When you walk a t  an ordinary pace on the le v e l ,  does this  

produce the pain? (Y/N)

6.6 When you walk u ph il l  or hurry, does th is  produce the 

pain? (Y/N)

6.7 When you get any pain or discomfort in your chest on

walking, what do you do? Stop 1

Slow down 2

Continue at the same pace 3

6.8 Does the pain or discomfort in your chest go away i f  you 

stand s t i l l ?  /7 N )

6.9 How long does i t  take to go away? 10 minutes or less 1

More than 10 minutes 2

□

□
□

□
□
□

7. PHLEGM, COUGH AND BREATHING -

7.1 Do you usually s r in g u p  phlegm (s p it )  from your chest

f i r s t  thing in t.ne morning in the winter? (Y/N)

I f  NO, go to Question 7 .4 .

7.2 Do you bring uo ohlegm l ike  this on most days fo r  as much

as 3 months in the winter each year? (Y/N)

7.3 In the past 3 years have you ever had a period of increased 

cough and phi eg- last ing 3 weeks or more?

Yes, once 1

Yes, twice or more 2 

Never 3

7 7  Does your chest sound wheezy or whistling  on most days 

(or nights)? 1 N)

□
□

□
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7.5 Does the weather a f fe c t  your breathing?

And i f  so, a t what season of the year is i t  most affected?

Not a ffected  1 

Winter 2

Summer 3

Both 4

8. BREATHLESSNESS

8.1 Do you get short of breath walking with people your own 

age on level ground? (Y/N) □
8.2 On walking up h i l ls  or s ta i rs ,  do you get more breathless 

than people your own age? (Y/N) □
3.3 Do you ever have to stop walking because of breathlessness?

(Y/N) □

Social Class

A c t iv i ty  Score
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S e r i a l  Number

Card Number 1 ° l

9. LEG PAIN

9.1 Do you e v e r  g e t  pai n i n  y o u r  c a l f  muscles on w a l k in g  a t  an I "1
o r d i n a r y  pace,  on t he  l e v e l ?  ( Y / N ) □ 11

9.2 Do you g e t  pai n i n  y o u r  c a l f  muscles when you walk

u p h i l l  o r  hur ry? ( Y / N ) □ 12

10. MEDICAL HISTORY

1 0 . 1 Have you e v er  been t o l d  by a d o c t o r  t h a t  you have, or have

had,  any o f  t he  f o l l o w i n g ?

Angina ( Y / N ) 11

H e a r t  a t t a c k ( Y / N ) Ik

Coronary t hrombosis ( Y / N) 15

M y o ca r d i a l  i n f a r c t i o n ( Y / N ) 16

Ot her  h e a r t  t r o u b l e  ............................................. ( Y / N) IT

High blood p re ss ur e ( Y / N) ! 18

S t ro ke ( Y / N) 19

D i abe te s ( Y/ N) 1 20
1

P e p t i c  u l c e r ( Y / N ) 1 21

Gout ( Y / N ) — ! »
Gal l  b l a d d e r  d is e a s e ( Y / N) | 23

1
T hy ro id  d i se a se ( Y / N) 2M

A r t h r i t i s  ~ ( Y / N) 25

B r o n c h i t i s ( Y / N) 2G

Asthma ( Y / N) 27

Ot her  c o n d i t i o n ( s )

i n c l u d i n g  s ur g e r y  .................................................. ( Y / N) □ 28

1 0 .2 Are you on any r e g u l a r  medi cal  t r e a t m e n t  f rom a d o c t o r f o r

any c o n d i t i o n ? ( Y / N ) □  ,
29

I f  NO, go to q ue s t i o n  1 0 . 3 . i

Do you know i f  the p i l l s / m e d i c i n e s / i n j e c t i o n s  a r e : - |

T r a n q u i 11 i z e r s ( Y /N) 1 30

Pai n k i l l e r s ( Y / N) ; 31

A n t i  h y p e r t e n s i v e  drugs ( Y / N) 1 32

A n t i c o a g u l a n t s ( Y / N ) 33
!

Li Did l o w er i n g  drugs •'Y/N) i  3*.1
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Oral an tid iabet ics  (Y/N)

In jec tio n  of insulin  (Y/N)

Any others (Y/N)

Don't know ( Y/N)

10.3 Have you taken any of these in the la s t  48 hours?

Tran qu il l ize rs  (Y/N)

Pain k i l le r s  (Y/N)

Anti hypertensive drugs (Y/N)

Anticoagulants (Y/N)

Lipid lowering drugs (Y/N)

Oral an tid iabetics  (Y/N)

In jec tion  of insulin  (Y/N)

Any others (Y/N)

Don't know (Y/N)

11. DIET & ALCOHOL

11.1 How many times during an average week would you have the

following foods?

Meat (including beef, lamb, pork, bacon in 
any form)

Chicken

Fish

Eggs - how many eggs do you eat in a week?

Cheese - how often do you eat cheese, 
including cheese dishes?

Breakfast cereals - how often do you eat  
thpse (porridge included)? State  
kind

11.2 What kinds of bread do you eat? White (Y/N)

Brown (Y/N)

Wholemeal (Y/N)

Other (Y/N)

11.3 Spreading fats: What kinds do you use at home?

Butter (Y/N)

Margarine (Y/N)

(State kind or brand name.)

11.4 Do you take sugar? In tea (Y/N)

In coffee (Y/N)

In other drinks 'Y/N)
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11.5 Do you use milk? On cereals (Y/N)

In tea (Y/N)

In coffee (Y/N)

As a milk drink (Y/N)

11.6 ( i )  Would you describe your present alcohol intake as:

None 1

On special occasions only 2 

Once or twice a month 3

Weekends 4

Daily/most days 5
I f  NONE, go to question 12.

( i i )  What type of drink do you usually  take?

Beer 1

S p ir i ts  2

Wine/sherry 3

Mixed beer & s p i r i ts  4

Mixed beer, s p i r i t s ,  ^
wine and sherry

( i i i )  How much do you usually take?

2 drinks a day or less 1

3-b drinks a day 2

More than 6 drinks a day 3

□

□

□
(One drink is a single whisky, gin or brandy, a glass of 
wine, sherry or port or h a lf  a p in t of beer.)
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Serial Number 

Card Number

12.
1 2 . 1

C..L

12.3

12.5

SMOKING

( i )  Do you smoke a t  present?

I f  NO, go to question 12 .6 .

Yes, reg u lar ly  1 

No 2

Occasionally 3

( i i )  How old were you when you started?

( i i i )  Have you ever given up smoking? (Y/N)

( iv )  I f  yes, what is the maximum time fo r  which you have

given up smoking?

( i )  Do you smoke c igarettes now? Yes, reg u lar ly  1

No 2

Occasionally (<1 day) 3

I f  NO, or OCCASIONALLY, go to question 12 .3 .

( i i )  How many cigarettes  do you usually smoke a day?

( i i i )  I f  hand ro l le d ,  how much tobacco do you use a week?
( ozs. )

Now proceed to 12 .4 .

( i )  Were you previously a regular c ig are tte  smoker?(Y/N)

( i i )  I f  yes, how many cigarettes did you usually  smoke 

a day?

( i i i )  At what age did you change to a pipe and/or cigars?

i )  Do you smoke a pipe now? Yes, reg u lar ly  1 

No 2

Occasionally 3

I f  NO, or OCCASIONALLY, go to question 12 .5 .

( i i )  I f  YES, how m a n y  ozs. a week do you smoke?

( i )  Do you smoke cigars now? Yes, regu lar ly  1

No 2

Occasionally 3
( i i )  I f  YES, how many cigars do you smoke a day? Large

Sma 11

If you s m o k e  A N Y T H I N G  c u r r e n t ! 1/, so to o u e s t i o n  12.

□

years□
years

□

ozs,

□
years

□

ozs

25
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12.6 ( i )  Have you ever smoked fo r  more than 1 month? (Y/N)

How much did you usual1y smoke

Cigarettes (per day) 

Pipe (ozs) (per week) 

Cigars (per day) Large 

Smal 1

I f  NO, go to question 13.

( i i )  At what age did you s ta r t  smoking?

( i i i )  At what age did you f i n a l l y  stop smoking?

( iv )  What was the maximum time between these two ages 

fo r  which you gave up smoking?

□

years

years

years

35

36 

38 

*♦0 
<♦2

13.

13.1

13.2

EXERCISE

( i i )

Do you usually walk or cycle in the course of your 

journeys to or from work each day? No 1

Walk 2 

Cycle 3

I f  XES, how many minutes do these journeys take?

Apart from your journeys to or from work, do you

usually walk or cycle on weekdays? No 1

Walk 2 

Cycle 3

I f  YES, how many minutes do you walk/cycle each day?

□
mins.

□
mins

(iii Would you say that in your occupation you are 

physically: Very active 1

F a ir ly  active 2 

Average 3
F a ir ly  inactive  4 

Very inactive 5

On average, a man of your age spends 4 hours on most 

weekends on some of the following a c t iv i t i e s :  walking,

gardening, household chores, DIY projects.

Compared to such a man, how physically  active do you 

consider yourself? Very active

F a ir ly  active  

Average

Fa i r l y  inact ive 4 

Verv inactive 5

□
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13.3 Apart from these a c t iv i t i e s ,  do you take active physical

exercise, e .g . running, digging, swimming, tennis, g o l f ,  

s a i l in g ,  e tc . No 1

Occasionally 2 

Frequently 3

I f  NO or OCCASIONALLY - stop here.

13.4 Please state type of a c t iv i ty

13.5 How many years have you been involved in th is  a c t iv i ty ?

13.6 How many times a month (on average) do you undertake these

a c t iv i t ie s ?  Winter

Summer

□

years

Admi ni s tra to r  □  

Coder □
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Physical and Physiological Measurements

Serial Number
Card Number l l

Units Obs. Measurement

(1

Height

Weight

Blood Pressure S

mms.

1/10 kgms, 

mmHg

(2: Blood Pressure S mmHg

1)

(2;

FVC

FEV1

FVC

FEV1

ml

ml

Pulse Rate per mm.



APPENDIX B: THE FIFTH-YEAR QUESTIONNAIRE page 250

Appendix B: The Fifth-Year Questionnaire
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4.0  CHEST PAIN

4.1 Do you ever have any pain or discomfort in your chest?

YES

NO

IF NO, turn over to Question 5.0

IF YES, please answer the following questions

4.2  Where do you get th is  pain or discomfort? 

Mark ) (  on the appropriate places

RIGHT
SIDE

LEFT
SIDE

4.3 When you walk a t  an ordinary pace on the le v e l ,  does th is  produce the pain?

YES 

NO

4.4 When you walk uphill  or hurry, does th is  produce the pain?

YES 

NO

4.5 When you get any pain or discomfort in your chest on walking, what do 
you do?

Stop

Slow down

Continue a t  the same pace

4.6 Does the pain or discomfort in your chest go away i f  you stand s t i l l ?

YES

NO

4.7 How long does i t  take to go away?

10 minutes or less

M o r e  t h a n  10 m i n u t e s
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5.0 SEVERE CHEST PAIN

5.1 Have you ever had a severe pain across the fron t o f your chest las t ing  
fo r  h a lf  an hour or more?

IF YES

5.2 Did you see a doctor because of th is  pain?

5.3 What year(s)  did th is  happen?

YES

NO

YES

NO

6.0  ILLNESS AND INJURY

6.1 In the la s t  5 years , have you had any i l ln e s s  or in ju ry  which has kept 
you o f f  work fo r  more than one month?

YES

NO

6.2 IF YES, how many times?

Once 

Twice

Three times 

More

6.3 How long was the longest period o f f  work with i l ln e s s  or injury?

6.4 What was the i l l  ness/injury?

7.0 WEIGHT

7.1 Has your weight changed since you were examined 5 years ago?

No change 

Increased 

Decreased 

Don't know

7.2 What is your present weignt? 
(Indoor c lothes, no shoes;

s t .  lb.

I f  you ;-ave no scale,  cl ease f i l l  in an estimate.

or

kg
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8 .0  PERSONAL CIRCUMSTANCES

8.1 Are you:

married 

single  

widowed

other e .g . divorced, 
separated

8 .2  I f  married, does your wife work?

No

Yes - part-tim e  

Yes - fu l l - t im e

8.3  Please describe your accommodation. Are you:

an owner- occupier 

renting p r iv a te ly  

renting from the council

other .................   (please specify)

8 .4  How many cars are there ava ilab le  fo r  use in your household?

None 

One

Two or more

9.0 SMOKING

9.1 Do you reg u lar ly  smoke cigarettes?

YES

NO

9.2 IF YES, how many c igarettes  do you usually smoke a day?

9.3 Do you reg u la r ly  smoke a pipe or cigars?

YES
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10.0 DRINKING

10.1 Would you describe your present alcohol intake as:

Daily/most days

Weekends only

Once or twice a month 
or special occasions ____

None

10.2 How much do you usually  take?

More than 6 drinks a day 

3-6 drinks a day 

2 drinks a day or less 

Any additional information

FOR NON-DRINKERS ONLY - please answer these questions:-

10.3 Why do you not drink at present?

Personal choice 

Doctor's advice 

D e fin ite  i l ln ess

Name of i l ln e s s  .................................................................................................

Other reasons (s ta te )  ....................................................................................

10.4 Did you drink in the past?

YES
NO

10.5 IF YES, would you describe your PREVIOUS alcohol intake as:

Daily/most days 

Weekends

Once or twice a month 
or special occasions ____

10.6 How much DID you usually  take when you were drinking?

One drink is ha lf  a p in t of beer, 

a s ingle whisky, gin or brandy, a 

glass of wine or sherry.

COUNT.PINTS OR DOUBLES AS 2 DRINKS.

More than 6 drinKS a day 

3-6 drinks a day 

2 drinks a day o r less

One drink is h a lf  a p in t  of beer, 
a single "whisky, gin or brandy, a

glass o f wine or sherry.

COUNT PINTS OR DOUBLES AS 2 DRINKS.
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11.0 PRESENT EMPLOYMENT

11.1 AT PRESENT are you:

Employed fu l l - t im e  

Employed part-tim e  

Unemployed 

Registered Disabled 

Retired

11.2 IF RETIRED:

Age a t  retirement 

Reason fo r  retirement

Normal re t i r in g  age

I l ln e s s  (completely or 
i n pa r t ) ____

Other reasons

Please give d e ta i ls  (o f i l ln ess  or other reasons)

IF UNEMPLOYED AT PRESENT please answer the following questions:.

11.3 How long have you been unemployed on th is  occasion ..............

11.4 Reasons fo r  present unemployment 

Redundancy

I l ln e s s  (completely or
in part)  ___

Other reasons

Please give d e ta i ls  ........................
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12.0 TO BE ANSWERED BY EVERYONE -  whether employed, unemployed or r e t i re d .

This question is about any unemployment in the la s t  f iv e  years , i . e .
since you were examined by our nurses.

12.1 Have you had any periods of unemployment in the past f iv e  years?
(apart from any present unemployment)

YES

NO

IF YES, please answer the following questions:-

12.2 How many separate periods of unemployment have you had in the 
past f iv e  years ( excluding any present unemployment)?

1
2
3 or more

12.3 How long was the longest of these periods of unemployment ( not 
counting any present unemployment)?

12.4 Reasons fo r  longest period of unemployment

Redundancy

Il lness  (completely or in part)  

Other reasons

Please give d e ta i ls

J
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13.0 TO BE ANSWERED BY EVERYONE - whether employed, unemployed or re t i re d .  

In the 5 years BEFORE you were examined by the nurses;

13.1 Were you unemployed a t  any time?

YES

NO

IF YES, please answer the following questions

13.2 How long was your longest period of unemployment

13.3 Reasons fo r  longest period of unemployment 

Redundancy

Il ln ess  (completely or in 
part) ___
Other reasons 

. PI ease give d e ta i ls  ...........................................................

PLEASE READ THROUGH FROM THE BEGINNING AND CHECK T H A T  YOU HAVE 
ANSWERED ALL  THE RELEVANT QUESTIONS. THEN, PLEASE RETURN THESE 
PAGES TO US IN THE ENVELOPE PROVIDED.

THANK YOU.


