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ABSTRACT

This thesis addresses the aetiology of non-insulin dependent diabetes (NIDDM) and the 
association between NIDDM and coronary heart disease (CHD). Hypotheses regarding 
the causal role of obesity, physical inactivity, alcohol consumption and cigarette smoking 
in the development of NIDDM have been tested. The hypothesis that NIDDM shares 
common risk factors with coronary heart disease, factors which are associated with 
insulin resistance has also been addressed.

Associations between lifestyle and biological CHD risk factors and the risk of developing 
NIDDM were examined in a longitudinal study, involving a representative sample of 
7735 middle-aged British men, followed for an average of 12.8 years. In a cross-sectional 
study, associations between baseline non-fasting serum insulin levels and CHD risk 
factors were examined in 5556 men. In further longitudinal studies, insulin levels at 
baseline were related to the subsequent development of both NIDDM and major CHD 
events and associations between both established NIDDM and non-fasting serum glucose 
and incident major CHD events in this cohort were also examined.

There were 194 new cases of NIDDM in the longitudinal study. Obesity and physical 
inactivity were associated with higher risk and moderate alcohol intake with lower risk 
of NIDDM (relative to occasional drinkers) in multivariate analysis. Men destined to 
develop NIDDM during follow-up had an adverse coronary risk factor profile at baseline. 
However some important CHD risk factors, notably serum total cholesterol concentration 
did not predict NIDDM and the effect of cigarette smoking was equivocal.

In cross-sectional analyses, CHD risk factors such as physical inactivity and 
hypertriglyceridaemia, which were predictive of NIDDM in the longitudinal study, were 
associated with hyperinsulinemia at the baseline examination.

A J-shaped relation between serum insulin levels and risk of NIDDM was observed which 
is consistent with an early and fundamental role for insulin resistance in the development 
of this condition.

Established NIDDM was associated with an approximately 2-fold increased risk of CHD 
events during follow-up, independent of other CHD risk factors. In non-diabetics, a weak 
non-linear association between non-fasting glucose and incident CHD events (N=704) 
was observed which was non-significant in multivariate analysis. A similar non-linear 
association between serum insulin concentration at screening and major CHD events 
during follow-up was observed. There was an almost 2-fold increased relative risk of 
major CHD events in the 10th decile of the serum insulin distribution relative to the 1st 
to the 9th deciles combined which was significant in multivariate analysis.

The findings support the hypothesis that non-insulin dependent diabetes and coronary 
heart disease share common lifestyle and biological risk factors which are associated with 
hyperinsulinemia and insulin resistance. There is however a major component of CHD 
risk which is not related to insulin resistance and diabetes.
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INTRODUCTION, OBJECTIVES AND TERMINOLOGY
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Introduction

Non-insulin-dependent diabetes (NIDDM) is a common condition affecting at least 3% 

of the middle-aged and elderly population of Britain (Neil et al, 1987; Williams, 1994), 

with considerably higher prevalence rates in specific ethnic groups, (Cruickshank, 1990). 

NIDDM is associated with considerable morbidity and premature mortality, both from 

specific diabetic complications and from cardiovascular disease, which is accelerated in 

the presence of diabetes (Jarrett, 1983; Pyôràlà & Laakso, 1983). Though considerable 

work has been undertaken to identify the major risk factors for coronary heart disease 

(CHD) such as raised blood cholesterol, cigarette smoking and raised blood pressure, 

there has been relatively little epidemiological work on risk factors for NIDDM in the 

general population. Moreover, the nature of the relation between NIDDM and CHD has 

not been well elucidated. Advancing age, obesity, body fat distribution and a positive 

family history of diabetes are among the well established risk factors for this condition 

(Everhart et al, 1985). There is now increasing evidence that in some populations 

NIDDM shares common causal factors with cardiovascular disease and in particular with 

coronary heart disease (Jarrett & Shipley, 1988). This observation focuses attention on 

a wider range of environmental factors in the development of NIDDM, such as physical 

activity level, alcohol intake and cigarette smoking and on the possible role of biological 

CHD risk factors such as dyslipidaemia and hypertension as predictors of NIDDM.

Elevated circulating insulin levels (hyperinsulinaemia) reflect resistance to insulin- 

mediated glucose uptake from the circulation into skeletal muscle and other tissues, i.e. 

insulin resistance. There is considerable evidence that hyperinsulinemia antedates NIDDM 

(Lillioja et al, 1993) and that elevated circulating insulin levels are linked with 

dyslipidaemia, hypertension and a number of other CHD risk factors (Abbott et al, 1987;
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Zavaroni et al, 1989; Stout, 1990; Laws & Reaven, 1993; Savage & Saad, 1993). Insulin 

resistance with compensatory hyperinsulinemia has therefore been proposed as the 

unifying link between cardiovascular disease and NIDDM (Reaven, 1988; Stern, 1995). 

However this model of the pathogenesis of NIDDM (with insulin resistance as an early 

"primary" abnormality) and of the relation between NIDDM and CHD is controversial 

(Taylor et at, 1994; O’Rahily et al, 1994).

Research objectives

This thesis addresses the aetiology and pathogenesis of non-insulin dependent diabetes 

(NIDDM) and examines the association between NIDDM and coronary heart disease. The 

research upon which the thesis is based has had two major inter-related objectives:

(i) to test, in a longitudinal study, hypotheses regarding the causal role of specific 

lifestyle related factors in the development of NIDDM (obesity, physical inactivity, 

alcohol consumption and cigarette smoking)

and

(ii) to test the hypothesis that NIDDM shares common risk factors^ with coronary heart 

disease, factors which cluster with insulin resistance.

Details of the specific studies which address these research objectives are set out 

in the methods section. Chapter 3.

The distinction between risk factors and causal factors is important. A cause of a disease 
can be defined as an event, condition or characteristic that plays an essential role in 
producing an occurence of the disease (Rothmann, 1986). Hence physical inactivity may 
be a causal factor in the development of NIDDM. The term "risk factors" is used to 
describe factors that are associated with risk of development of a disease and includes 
factors which may be causal, together with markers of increased susceptibility, secondary 
manifestations of underlying causal factors and early symptoms of disease.
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Research setting

The work which forms the subject of this thesis was carried out in the University 

Department of Public Health, Royal Free Hospital, London. The work is based on a 12 

year follow-up study of predictors of NIDDM and of coronary heart disease in a 

population based sample of 7735 middle-aged men, recruited for the British Regional 

Heart Study (Shaper et al, 1981; Shaper et al, 1985[a]).

Terminology and diagnostic criteria for diabetes and impaired glucose tolerance

Until the late 1970’s epidemiological work in diabetes was hampered by the lack of both 

uniform diagnostic criteria for diabetes and a uniform, rational classification system. 

Although Himsworth had distinguished between "insulin-sensitive and insulin-insensitive 

types of diabetes" in 1942 (Himsworth & Kerr, 1942), there was a failure to appreciate 

that diabetes is not a single disease entity but rather a syndrome of sustained 

hyperglycaemia associated with a heterogenous group of disorders.

Diagnosis

Using current WHO criteria, diabetes may be diagnosed on the basis of fasting, post­

glucose load or random blood glucose levels (WHO Study Group, 1985). A fasting 

venous plasma (or serum) glucose level > 7 . 8  mmol/L and/or a 2 hour post load (75 g 

glucose in adults) level > 11.1 mmol/L are considered diagnostic of diabetes. A random 

plasma glucose level > 11.1 mmol/L is also regarded as diagnostic of diabetes mellitus. 

Impaired glucose tolerance is diagnosed where the 2 hour venous plasma glucose 

concentration is between 7.8 - 11.1 mmol/L and the fasting glucose level is less than 7.8 

mmol/L. Slightly lower glucose levels are specified for venous whole blood as opposed
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to venous plasma and higher levels for capillary samples.

In all cases confirmatory measurements are recommended to establish the 

diagnosis at the individual level. For epidemiological purposes however, certainty of 

diagnosis at the individual level is obviously neither attainable nor necessary and in the 

current WHO guidelines a single 2-hour post load sample > 11.1 mmol/L is regarded 

as sufficient to diagnose diabetes in epidemiological studies. The distribution of plasma 

glucose both fasting and post glucose load is conveniently bimodal in some populations, 

notably the Pima Indians, Nauruans and Mexican Americans (Bennett et al, 1976; 

Zimmet et al, 1977). In Caucasian populations the two hour post glucose challenge level, 

has a unimodal positively skewed distribution, with a steep increase in the risk of 

subsequent "diabetic" microvascular disease at levels exceeding 11.1 mmol/L (Jarrett & 

Keen, 1976; Al Sayegh & Jarrett, 1979). Accordingly the current diagnostic criteria for 

diabetes are not entirely arbitrary, though it must be emphasised they are based on a 

relatively small number of population studies.

Classification of diabetes mellitus

The classification of diabetes mellitus remains largely clinical rather than aetiological. 

Sustained hyperglycaemia. the defining characteristic of the diabetic syndrome, may be 

due to either absolute or relative deficiency of insulin. While a large number of 

underlying causes of this syndrome are known, two major clinical classes of diabetes 

mellitus are described in the current (1985) WHO classification system: insulin dependent 

diabetes (IDDM) where insulin deficiency is generally absolute and non-insulin dependent 

diabetes (NIDDM), characterised (generally) by relative insulin deficiency, i.e. insulin 

resistance. The current WHO classification system includes malnutrition related diabetes
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mellitus (MRDM) and gestational diabetes in a separate "other type" category. Among 

the "related diagnostic categories" in the current classification system is impaired glucose 

tolerance (IGT).

Insulin dependent diabetes (IDDM) is most common in youth and is associated 

with autoimmune phenomena such as islet cell antibodies. IDDM generally has an abrupt 

onset with ketoacidosis, and it is lethal without insulin. Non-insulin dependent diabetes 

mellitus (NIDDM) by contrast, is generally a disease of middle age and autoimmune 

phenomena are not prominent. The onset of NIDDM is usually insidious, is rarely 

associated with ketoacidosis and insulin is not required for long term survival. Obese and 

non-obese sub classes are described with a BMI of 27 kg/m^ in men and 25 kg/m^ in 

women as the arbitrary dividing line (WHO, 1980; WHO, 1985).

Impaired glucose tolerance, may be regarded as the transition zone between 

normal glucose tolerance and diabetic hyperglycaemia. IGT is an inherently unstable 

diagnostic label given the variability of serum glucose levels post glucose load 

(McDonald et al, 1965) and the relatively small section of the population glucose 

distribution (1 SD approx.) which is encompassed by the defining glucose levels. For 

instance, in a study of 67 subjects with IGT, it was found that only 56% remained in that 

category when retested 2-4 months later (Riccardi et al, 1985). IGT progresses to overt 

NIDDM at rates of 2-3% per year (Jarrett et al, 1982). As with overt NIDDM, there is 

evidence that mortality from macrovascular disease is increased (Kannel & McGee, 

1979[b]; Fuller et aL 1983), but specific "diabetic" microvascular complications are 

rarely observed. The risk of progression to NIDDM is related to the degree of 

hyperglycaemia and is not a simple function of having IGT (Jarrett et al, 1982). Hence, 

at the population level there is a continuum of glucose intolerance ranging from IGT to
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clinically overt NIDDM.

Jarrett has suggested that we should dispense with the label IGT and think rather 

in terms of the degree of glucose intolerance (Jarrett, 1987). Zimmet went further in 

suggesting that in view of the inter-relationships between NIDDM, obesity, hypertension, 

and dyslipidaemia and their probable common genetic and lifestyle antecedents, that 

NIDDM should probably not be regarded as a discrete disease entity but rather a "risk 

factor state" (Zimmet, 1989). This argument is difficult to sustain. It ignores the cardinal 

feature of diabetes, microvascular disease or the "spot in the eye in 20 years time" 

(Alberti, 1993). It also ignores the evidence that NIDDM is a heterogenous condition and 

the extent to which the clustering of vascular risk factors with NIDDM varies within and 

between populations (Chaturvedi et al, 1994; Cowie et al, 1994). These issues, the 

clustering of vascular disease risk factors with NIDDM and the relation between NIDDM 

and cardiovascular disease are central to this thesis.

Problems with the classification and diagnosis of diabetes

Diabetes, in common with virtually all other diseases, is a quantitative phenomenon. 

Attempts to place individuals into discrete diagnostic categories, while necessary for 

clinical decision making and for case definition in research, inevitably obscures the 

subtleties of the expression of disease both in individuals and in populations. Alberti 

emphasises the extent to which the current definition of NIDDM is one of exclusion 

(Alberti, 1993). Essentially all individuals with sustained hyperglycaemia who do not 

require insulin for survival and who do not meet the criteria for one of a small number 

of special categories such as "maturity onset diabetes of the young" (MODY), are 

regarded as having NIDDM. This obviously increases the probability that the NIDDM
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category contains a mixture of aetiologically distinct conditions, a proposition for which 

there is increasing evidence (Alberti, 1993). For instance, it is currently estimated that 

2 - 4 % of all cases of diabetes presenting in adult life are associated with specific, 

identifiable gene mutations, such as glucokinase gene mutations, mutations involving 

mitochondrial DNA and other mutations involving insulin, the insulin receptor, glycogen 

synthase and the j(3-3 adrenergic receptor (Zimmet, 1995).

Even the distinction between IDDM and NIDDM is less than sacrosanct. For 

instance, certain autoimmune phenomena, characteristic of IDDM, are seen in some 

patients with NIDDM and the offspring of persons with NIDDM are at increased risk of 

developing both types of diabetes. HIA haplotypes, previously regarded as specifically 

associated with IDDM have been shown to be also associated with NIDDM (Tuomilehto- 

Wolf et al, 1993). In older patients, intermediate insulin dependency is increasingly 

recognised. Zimmet and colleagues have presented data which suggest that in some 

populations up to 20% of cases of adult onset diabetes and possibly 50% of cases of 

"non-obese NIDDM", have a variant of insulin dependent diabetes of insidious onset. 

This form of diabetes, referred to as "latent autoimmune diabetes in adults" (LADA), 

is associated with long-term persistence of auto-antibodies against glutamic acid 

decarboxylase (GAD) a pancreatic |8-cell constituent (Zimmet, 1995). Hence the 

preference, in the later 1985 WHO recommendations, for descriptive clinical terms 

without aetiopathogenic implications such as insulin-dependent and non-insulin dependent 

diabetes rather than "type 1" and "type 2" diabetes as in the earlier 1980 classification 

system was well founded (WHO, 1985). In essence, the inadequacies of the current 

classification systems for diabetes reflect our limited knowledge of aetiological factors 

and pathophysiological mechanisms. Further refinements in the classification of NIDDM



23

will undoubtedly emerge as understanding of the molecular genetics of insulin resistance 

and insulin hypo-secretion increases (Weir, 1995). Additional data which clarify the 

relative importance of specific markers of autoimmune phenomena and specific genetic 

defects at the population level will also be required.

The diagnosis of diabetes poses additional problems which are critical to the 

interpretation of epidemiological studies of NIDDM and which have been well reviewed 

by Alberti (Alberti. 1995). There are particular problems with the diagnosis of NIDDM 

in asymptomatic individuals whose blood glucose is at the lower end of the diabetic 

range. Despite the precise cut-off points for diagnosis as set out in the current 

recommendations (WHO, 1985), there is confusion regarding the difference between 

venous whole blood and plasma glucose levels. For instance it has been shown that a 

venous whole blood glucose level of 10 mmol/L is equivalent to a plasma value of 11.4 

mmol/L rather than 11.1 mmol/L as implied in the current WHO recommendations. 

There is also controversy regarding the precise fasting glucose level which corresponds 

with a post load glucose of 11.1 mmol/L, a relatively consistent predictor of diabetic 

microvascular disease. Though these are relatively trivial differences at the individual 

level, it is clear that the prevalence of NIDDM at the population level will vary 

depending on whether the diagnosis is based on venous whole blood or plasma glucose 

levels or on fasting or post-load glucose levels.

Additional problems relate to the inherent variability of the oral glucose tolerance 

test (OGTT), regarded as the "gold standard" diagnostic test in epidemiological studies. 

The OGTT has a coefficient of variation of up to 40% on a day-to-day basis within 

individuals (McDonald et aL 1965). In a population of elderly people (64 to 87 years).
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examined annually for 5 years the reliability^ coefficient of the OGTT for the diagnosis 

of diabetes according to WHO criteria was 0.62 (Feskens et al, 1991). As with blood 

pressure measurement, it appears that habituation to the procedure contributes to this 

within subject variation. Yudkin and co-workers have presented data from an 

epidemiological study of diabetes prevalence in Tanzania in which over 6000 people had 

a standard glucose tolerance test, with an 8% stratified sub-sample having a repeat test 

within seven days. When the population distribution of 2-hour blood glucose 

concentration was reconstructed from this sub-sample there was a highly significant 

decrease in mean blood glucose level and the estimated population prevalence of impaired 

glucose tolerance fell by almost 60% (Yudkin et at, 1990). The authors point out that 

rather than merely showing glucose tolerance test variability and regression to the mean, 

this population demonstrated an apparent stress effect on glucose tolerance analogous to 

the "arousal" or defence" reaction described for blood pressure (Yudkin et al, 1990). 

This observation has clear implications both the reliability of the OGTT and for 

international or inter-cultural comparative data on NIDDM prevalence.

There are further problems with the OGTT which contribute to between study and 

between subject measurement variability or error. Although the WHO and the U.S. 

National Diabetes Data Group (NDDG, 1979) have agreed on the size of the glucose load 

(at 75g) it has become apparent that many epidemiological studies have been carried out 

with glucose monohydrate which contains only 68g of glucose. There is also the difficulty 

of ensuring that subjects are truly fasting and the fact that although the dose of oral

Reliability refers in essence to the ratio of within subject measurement variation to 
between subject variation. It is study specific and is increasingly recognised as a key 
issue in epidemiological study design.
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glucose may be standardised there will be marked variation in glucose load expressed per 

kilogram body weight.

Given the increased awareness of problems with the OGTT (Stolk et al, 1995), 

there is increasing interest in the use of fasting glucose or glycated haemoglobin to define 

glycaemic status in both the clinical and epidemiological setting. In recent work from 

the Pima Indians population in Arizona, McCance and colleagues (1994[a]) compared the 

sensitivity and specificity of 2-hour plasma glucose, fasting plasma glucose, and glycated 

haemoglobin against prevalent retinopathy and nephropathy and incident retinopathy and 

nephropathy during 5 years of follow-up. In the cross-sectional data, frequency 

distributions of logarithms of the three measures of glycaemic status were bimodal and 

for each measure antimodal cut-off points had comparable sensitivity and specificity for 

the prevalence and incidence of retinopathy. No measure performed well as a predictor 

of nephropathy (McCance et al, 1994 [a]).

Insulin resistance

Insulin resistance has been defined succinctly as " a state (of a cell, tissue, system or 

body) in which greater than normal amounts of insulin are required to elicit a 

quantitatively normal response (Person & Yalow, 1970). The hyperinsulinaemic 

euglycemic clamp technique is currently regarded as the gold standard for the assessment 

of insulin resistance (DeFronzo et al, 1979). In this method insulin is infused 

systemically (usually at a rate of 40 mU/m^ per min) and plasma glucose is maintained 

constant by means of a glucose infusion. Glucose is "clamped" at the ambient glucose 

concentration. The glucose infusion rate required to maintain euglycemia at a given 

insulin concentration reflects the combined effect of an insulin induced decrease in
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glucose production from the liver and stimulation of glucose uptake into extra-hepatic 

tissues such as skeletal muscle. Since the liver takes up very little glucose in the presence 

of euglycemia, an increase in glucose uptake reflects enhanced glucose disposal by extra- 

hepatic tissues. When combined with isotope dilution methods which measure glucose 

turnover, this method can provide a direct assessment of the effects of insulin on hepatic 

and extra-hepatic tissues (Alzaid & Rizza, 1993). Clearly this method, which is labour 

intensive and requires considerable investigator skill, does not lend itself to use in 

epidemiological studies. Moreover, glucose clamp and other methods which rely on 

intravenous infusions of glucose and/or insulin (Bergman et al, 1979; Hosker et al, 1985) 

are un-physiological, bypassing the complex regulation of insulin secretion and its hepatic 

extraction following glucose and nutrient absorbtion from the gut to the liver 

(Cruickshank, 1995). Other methods of assessing insulin sensitivity in vivo, such as the 

organ perfusion technique (Zierler, 1961), are even more invasive than the glucose clamp 

method. Earlier methods, based on the oral glucose tolerance test (Yalow & Berson, 

1960; Himsworth, 1939) or on an insulin tolerance test, are either poorly reproducible 

or induce changes in counter-regulatory hormones which limit interpretation of the 

findings (Alzaid & Rizza, 1993). The homeostasis model assessment (HOMA), which is 

based on basal fasting glucose and insulin measurement (Mathiews et al, 1985), has the 

advantage of simplicity and a reasonable approximation to physiological conditions. 

However it is obviously dependent on the reliability of glucose and insulin measurement 

and on the assumptions of the mathematical model upon which it is based.

In a study of 155 non-diabetic offspring of diabetic parents, two relatively invasive 

and un-physiological measures of insulin resistance, one based on the intravenous glucose 

tolerance test and one on Bergman’s minimal model technique, were shown to predict
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NIDDM during an average follow-up period of 25 years (Martin et al, 1992). If we 

accept that insulin resistance antedates NIDDM, it could be argued that these findings 

support the reliability and the predictive validity of measures of insulin resistance based 

on intravenous infusions of glucose and/or insulin. However with regard to predictive 

validity, there is an obvious danger of circularity in this argument.

In epidemiological studies fasting and post-load insulin measurements are used as 

markers of insulin resistance. Laakso has studied correlations between fasting and post­

load insulin and insulin resistance as determined using the hyperinsulinaemic euglycemic 

clamp technique (Laakso, 1993). In persons with normal glucose tolerance, whole-body 

glucose uptake was inversely correlated with fasting and post-load insulin, with 

correlations ranging from r=-0.58 to r=-0.74. In subjects with impaired glucose 

tolerance and NIDDM, only the fasting insulin level was significantly associated with 

whole-body glucose uptake during the glucose clamp technique. The latter finding 

obviously reflects the insulin secretory defect in IGT and established NIDDM. This paper 

is cited in support of the use of fasting and post load insulin measurements as markers 

of insulin resistance in persons with normal glucose tolerance even though approximately 

two thirds of the variation in the "gold standard" measurement was not explained by 

variation in fasting and post-load insulin measurements. Hence, these data do not suggest 

that a single measurement of insulin (whether fasting or post load) provides a highly 

reliable measure of insulin resistance as defined on the basis of glucose clamp methods. 

In this thesis data based on non-fasting insulin measurements are presented. It is accepted 

that measurement of non-fasting insulin is likely to provide a less reliable index of insulin 

resistance than measurement of fasting or post-load insulin, reflecting greater random 

within-subject variation. However, non-fasting (post-prandial) insulin is undoubtedly the
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physiologically relevant measurement and it is arguable that with adjustment for time of 

sampling the extent of random error will not be appreciably greater than that associated 

with fasting or post-load insulin measurement.

Physician diagnosed NIDDM

The prospective study of NIDDM incidence presented in this thesis is based on physician 

diagnosed cases of NIDDM. Clearly, this method of case ascertainment is specific but 

not sensitive. NIDDM is characterised by the insidious onset over several years of 

progressive metabolic abnormalities that lie towards the extreme end of the population 

spectrum of glucose tolerance. Medical attention is generally not sought until the 

metabolic abnormalities are well established and the probability of ’diagnosis’ is heavily 

influenced by the intensity of opportunistic screening. In the U.S. it is estimated that 

there is an average delay of between four and seven years between the onset of NIDDM 

and clinical diagnosis (Harris, et al, 1992) and in Britain it is estimated that the ratio of 

diagnosed to undiagnosed diabetics lies between 1:1 and 2:1 (Williams, 1994). Despite 

these problems, physician diagnosed NIDDM has been the end-point in the majority of 

prospective, within-population studies of aetiological factors in NIDDM to date. Much 

of the error due to under-ascertainment of cases will be random and should therefore not 

invalidate within-study comparisons. There is a need, however, to consider the possibility 

of systematic error (or ascertainment bias) in situations where the exposure may influence 

the probability of screening. However it is important to remember that the gold standard, 

glucose tolerance test is not without problems of random and systematic error. It should 

be noted also that there are remarkably consistent findings on the relation between certain 

exposures (such as physical activity) and physician diagnosed NIDDM in studies 

conducted in diverse health care settings (Helmrich et al, 1991; Burchfiel et al, 1995).
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CHAPTER 2

BACKGROUND
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NIDDM: the burden of disease

Current estimates of the age adjusted prevalence of clinically diagnosed diabetes in 

England range between 1.05% and 1.36% (Nabarro, 1988). Between 85% and 90% of 

cases are due to NIDDM (Neil et al, 1987). There has been an apparent increase in the 

age adjusted prevalence of known diabetes in Britain in recent decades, though the extent 

to which this reflects a true increase in incidence rather than changes in detection is 

uncertain (Neil et al, 1987). Nation-wide glucose tolerance test data on the prevalence 

of impaired glucose tolerance, undiagnosed and diagnosed NIDDM by age, sex, region 

and ethnic group are not available in Britain. On the basis of the second National Health 

and Nutrition Examination Survey (NHANES II), it is estimated that one in nine 

Americans (between age 20 to 74 years) meet NDDG criteria for NIDDM or impaired 

glucose tolerance (Harris et al, 1987).

The population characteristics that most strongly influence the prevalence of 

diabetes are age, sex and ethnic mix. Males, the elderly and (in Britain) people of Asian 

and African-Caribbean origin have higher prevalences. For instance in Britain, among 

Asian males in the 60-79 year age group, a prevalence of 17.3% is documented for 

clinically diagnosed diabetes as compared with 4.6% among European men in the same 

age group (Williams, 1994; Simmons et al, 1989). If we assume approximately similar 

ratios of diagnosed diabetes to undiagnosed NIDDM and impaired glucose tolerance as 

in NHANES II (Harris, 1987), then more than 50% of Asian men in this age group are 

likely to have clinically significant glucose intolerance.

The aetiology of NIDDM

The role of genetic factors in NIDDM aetiology has long been stressed (Barnett et al.



31

1981) and in a number of rare variants of the NIDDM syndrome, single gene defects 

have been identified (Zimmet, 1995). More recently, evidence has been presented to 

suggest a possible role for factors acting in utero in the development of NIDDM (Hales 

et al, 1991; McCance et al, 1994 [b]). It is clear however, that environmental factors 

interact with the genome (and possibly with factors acting in utero) to determine both the 

ultimate probability of disease and the age of onset (Kahn, 1994). Indeed, review of the 

occurrence and distribution of NIDDM, both within and between populations and over 

time, provides compelling evidence of a major role for environmental factors acting in 

adult life in the development of this condition (Zimmet, 1982; Jarrett, 1989; Zimmet, 

1995). In particular, data from ecological and migrant studies of NIDDM suggest an 

aetiological role for obesity, a sedentary lifestyle and possibly additional factors (as yet 

uncharacterised) associated with "modernisation" or "westernisation" such as psychosocial 

stress (King & Rewers 1993).

In this chapter the epidemiology of NIDDM will be reviewed with a particular 

focus on modifiable factors which are addressed in this thesis, i.e. obesity, physical 

activity, alcohol intake and cigarette smoking. The evidence suggesting a role for these 

factors will be considered, using data from ecological studies and from observational 

studies based on individuals. Data on the relation between NIDDM and cardiovascular 

disease will be reviewed with a focus on the evidence that NIDDM and coronary heart 

disease share common risk factors. A critical review of the data on additional important 

and/or relevant lifestyle and biological factors in the development of CHD will not be 

undertaken. These factors include high dietary saturated fat intake (LaRosa et al, 1990), 

obesity (Manson et al. 1995), cigarette smoking (Shaper et al, 1985[a]), physical 

inactivity (Shaper & Wannamethee, 1991), alcohol intake (Shaper et al, 1994),
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dys lip idem ia [especially raised total and LDL-cholesterol (Rose & Shipley, 1986) and 

lower HDL-cholesterol levels (Jacobs et al, 1990) and hypertension (Collins et al, 1990).

Current knowledge of the pathogenesis of NIDDM will be reviewed at the outset. This 

work is both critical to an understanding of the wider epidemiological picture and it is 

relevant to the data which will be presented on serum insulin levels and risk of NIDDM 

in the British Regional Heart Study cohort.

NIDDM: Pathogenesis

NIDDM is characterised by reduced tissue sensitivity to insulin mediated glucose uptake 

(insulin resistance, particularly in skeletal muscle, fat and liver), abnormalities in glucose 

mediated insulin secretion from pancreatic iS-cells and elevated hepatic glucose production 

(DeFronzo, 1988). A central feature of the syndrome is the inability to increase the rate 

of insulin mediated glucose uptake (mainly into liver and muscle) to meet the substantial 

demand of post prandial glucose absorbtion (Alzaid & Rizza, 1993). Insulin resistance 

in NIDDM reflects receptor and post receptor defects and to an uncertain extent the 

effects of circulating factors such as glucocorticoids, catecholamines, free fatty acids and 

hyperglycaemia itself (Alzaid & Rizza, 1993; Laakso, 1994). There has been prolonged 

debate on the primary defect in NIDDM, insulin hyposecretion due to a primary 

pancreatic defect of obscure origin or insulin resistance with hyperinsulinaemia and 

pancreatic exhaustion (O’Rahily et al, 1994; Taylor et al, 1994). Data are available to 

support both of these hypotheses (O’Rahily et al, 1986; Pimenta et al, 1995; Warram 

et al, 1990; Lillioja et al, 1993). It is accepted however that both defects are required to 

produce clinically manifest NIDDM. It is likely that much of the controversy in this area
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reflects the varying sophistication of different methods of assessing early, subtle defects 

in insulin sensitivity and pancreatic hyposecretion (Weir, 1995). Until recently (Pimenta 

et al, 1995), methods for measuring insulin sensitivity seem to perform better in this 

regard than methods for measuring insulin secretion. However the key question relates 

not to which defect come first but which genetic and environmental factors (particularly 

the latter unless we envisage mass pharmacological interventions) are most important in 

the development of NIDDM. Indeed regardless of the "primary" or "most important" 

defect in NIDDM, there is considerable evidence that insulin resistance is an early and 

modifiable defect in the pathogenesis of this condition (DeFronzo, 1988). Moreover the 

hypothesised common risk factors which link NIDDM and CHD (as addressed in this 

thesis) predict an early role for insulin resistance in the pathogenesis of NIDDM. 

However much of the current data suggesting that insulin resistance with compensatory 

hyperinsulinaemia is an early event in the pathogenesis of NIDDM is based on insulin 

assays which have been unable to distinguish insulin from proinsulin and other insulin 

precursors. Hence it is argued that hyperinsulinaemia in subjects who subsequently 

develop NIDDM in longitudinal studies, may largely reflect increased secretion of insulin 

precursors due to pancreatic failure (Temple, 1989). This issue is addressed directly in 

this thesis, in a longitudinal study of the association between true serum insulin levels 

(measured with a specific assay) and the development of doctor diagnosed NIDDM 

during follow-up which has extended for over a decade.

NIDDM is undoubtedly a heterogenous disorder (Taylor et al, 1994; Weir, 1995) 

and it would appear that the relative importance (in terms of pathogenesis) of insulin 

hyposecretion or insulin resistance varies within (Banerji & Lebovitz, 1991) and possibly 

between populations (Chaturvedi et al. 1994). This hetrogeneity may explain the different
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associations between NIDDM and coronary heart disease in different populations such 

as the Afro-caribbeans (Chaturvedi et al, 1994) and South Asian populations (McKeigue 

et al, 1991) in Britain.

NIDDM: Genetic studies

Neel (1965) has referred to diabetes as a "geneticist nightmare". It is a heterogenous 

condition, somewhat arbitrarily defined, commonly sub-clinical with a late and variable 

age of onset, and it is influenced in its manifestations by environmental factors. Indeed 

from both animal work (Gauguier et al, 1990) and family studies (Knowler et al, 1993) 

it is becoming clear that among the environmental factors to be considered is fetal 

hyperglycaemia which may lead to impaired glucose tolerance in the adult, independent 

of genetic transmission. There is clearly however, a major genetic contribution to the 

development of NIDDM with concordance rates as high as 91% reported among 

monozygotic twins and a four fold increased risk of disease in monozygotic as compared 

with dizygotic twins (Barnett et al, 1981; Harvald & Hauge, 1963). It is clear also that 

environmental factors interact with the genome to determine both the ultimate probability 

of disease and the age of onset (Rossini et al, 1988; Knowler et al, 1993).

Twin studies

Pyke’s UK twin study (Barnett et al, 1981) has been particularly influential in 

establishing the concept that genetic factors have a major role in the aetiology of 

NIDDM. Of 53 confirmed monozygotic twins, 48 were concordant for NIDDM and in 

the 5 discordant pairs they report metabolic abnormalities suggestive of "early diabetes" 

in the non-diabetic twin. Unfortunately data on body weight at the time of diagnosis were



35

available for only 21 twin pairs. However concordance for obesity in this sub-sample was 

not high. Subjects recruited for this study were largely self referred from all over the 

United Kingdom as a result of press and television publicity. Accordingly they represent 

a small and highly selected sample of the population of individuals with NIDDM in the 

UK. As subjects were included in the study not because they were twins but because they 

were diabetic, concordant twin pairs had at least twice the chance of ascertainment as 

discordant pairs. The concordance rate therefore must be regarded as an estimate. A later 

US study (Newman et al, 1987) which was relatively free of ascertainment bias suggest 

a concordance rate of approximately 60%.

The nature of the genetic defect

Considerable speculation has focused on the precise genetic defect in NIDDM. The 

unimodal, positively skewed distribution of serum glucose levels in Caucasian populations 

suggests a heterogenous polygenic/environmental disorder. Hopes that recombinant DNA 

technology would lead to the chromosomal localisation of the offending gene(s) in the 

common variants of NIDDM have not yet been realised. The late age of onset, the 

somewhat arbitrary diagnostic criteria for NIDDM, the heterogenous phenotype (with 

defects of both insulin action and secretion, at the minimum) and the relatively high 

prevalence of the condition all impede efforts to find the large, well defined "pedigrees" 

required for linkage analysis (O’Rahilly, 1988). However this may change rapidly as the 

traditional candidate gene linkage study is augmented by sibling pair studies, employing 

"positional search" methods (Elbein et aL 1994) .̂ As discussed in Chapter / ,  a number

Two fundamentally different approaches have been used to study the genetics of NIDDM: 
the study of specific cloned genes which are plausibly linked with the pathogenesis of
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of specific genetic defects which are associated with the NIDDM phenotype are 

described, of which the most important are mutations associated with an insulin secretory 

defect involving the glucokinase gene. However these defects together account for less 

than 5% of diabetes in adults (Zimmet, 1995). Work on major candidate genes such as 

those coding for glycogen synthase and GLUT4 (an intracellular glucose transporter) has 

been negative (Laakso, 1994). Insulin receptor substrate-1 (IRS-1) a key protein in 

intracellular insulin action and a potential mediator of insulin resistance is currently 

attracting attention. In a population based study involving a group of 380 young adults 

of European ethnic origin, 9% of subjects were found to be hetrozygous for one specific 

IRS-1 gene variant. While no direct associations with insulin resistance were detected in 

cross-sectional analyses, a significant interaction between obesity (BMI >25 kg/m2) and 

this gene polymorphism and features of the insulin resistance syndrome was observed 

(Clausen et al, 1995). The importance of this study lies less with the specific genetic 

defect than with the acknowledgement of the need to look for interactions with factors 

such as obesity in studies of the genetics of NIDDM. In further studies, which suggest 

that NIDDM and obesity may share some common genetic susceptibility factors, a 

common mutation for the gene encoding for the fi-adrenergic receptor in visceral fat has 

been show to be linked to both obesity and insulin resistance (Walston et al, 1995; Widen 

et al, 1995; Clément et al, 1995).

The "thrifty genotype"?

NIDDM (candidate genes) and the use of regularly spaced markers that span human 
chromosomes in an attempt to determine the location of genes associated with NIDDM 
without prior knowledge of the physiological importance of the locus (positional search). 
Sibling pair studies have an advantage over family linkage studies in that one does not 
require a well defined model of inheritance.



37

Neel emphasised the importance of a genetic environmental interaction in diabetes when 

in 1962, he proposed the "thrifty genotype" hypothesis to explain the high frequency in 

some populations of an apparently genetic disease with an adverse effect on survival and 

reproduction (Neel, 1962). He speculated that the "genetic genotype" must have conferred 

some survival advantage such as the ability to store food as fat when food was abundant, 

thereby increasing the probability of survival in conditions of alternating feast or famine. 

He hypothesised that the "thrifty gene" might be linked to rapid insulin secretion after 

a meal, a "quick insulin trigger" which would facilitate fat storage. While the genetic and 

pathophysiological basis for this hypothesis has clearly undergone considerable 

modification over the years, it has provided a useful model for work in the area of 

genetic environmental interaction. The rapid emergence of NIDDM and other features 

of the insulin resistance syndrome with Westernisation in diverse populations such as the 

Pima Indians (King & Rewers, 1993), Pacific Islanders (Reed, 1973; Zimmet et al, 

1990), Australian Aborigines (O’Dea, 1991) and Melanesians in Papua New Guinea 

(Dowse et al, 1994) is regarded as consistent with Neel’s hypothesis. There are also 

animal models of NIDDM which appear to fit the "thrifty genotype" scenario, such as 

the Westernised Israeli sand rat (Zimmet & O’Dea, 1993). The problem with this 

hypothesis however (which may paradoxically explain its longevity), is that it makes few 

specific, testable predictions which advance understanding beyond the general model of 

an interaction between ill-defined genetic factors and a "Western" environment in the 

development of NIDDM and other features of the insulin resistance syndrome. It is not 

clear as to how this hypothesis can be refuted. It is also noteworthy that by substituting 

ill-defined intra-uterine factors for genetic factors, advocates of the "Thrifty phenotype" 

hypothesis have adopted an essentially similar model to explain geographic variation and
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secular trends in the incidence of NIDDM (Phillips & Barker, 1993).

Thrifty phenotype hypothesis

Barker and colleagues have presented data which suggests that NIDDM and a range of 

additional cardiovascular risk factors including central obesity, hypertension, 

dyslipidaemia and elevated fibrinogen and factor VII, all have common origins in either 

sub-optimal development in utero as a result of poor maternal nutrition or poor nutrition 

in early infancy (Barker et al, 1990; Barker et al, 1993). This group have proposed that 

these major risk factors for cardiovascular disease in adult life are "programmed" by an 

adverse intrauterine and early childhood environment. They have suggested that 

"Syndrome X" (i.e. the insulin resistance syndrome) should be re-named "the small-baby 

syndrome" (Barker et al, 1993). In a series of studies, glucose intolerance, central 

obesity, hypertension and other cardiovascular risk factors have been variously related 

to birth weight, placental to birth weight ratio (placental ratio), measures at birth of 

length, head circumference and Fonderai Index" ,̂ weight at one year and dental eruption 

at one year of age (Barker, 1992; Barker, 1994).

These associations are reported as independent of alcohol intake, cigarette smoking 

and of social class whether defined in adult life or at birth. Social class at birth and in 

early childhood, proxy measures for poverty and social disadvantage, are potentially 

important factors in the development of cardiovascular disease in adult life. Hence the 

adequacy of adjustment for social class at birth and in early childhood, given the 

limitations of available data, has emerged as a major concern in the interpretation of this

Length/(height cubed)
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work (Ben-Shlomo & Davey Smith, 1991; Paneth & Susser, 1995). Further concerns 

relate to the range of cardiovascular risk factors which have been examined and the 

diverse indices of growth retardation in utero and early infancy to which they have been 

related. The key refutable elements of the hypothesis have not yet been well defined. 

While the importance of adequate nutrition in pregnancy is not disputed, there is 

scepticism regarding the hypothesised role of maternal nutrition as the dominant influence 

on fetal growth and development in developed countries (Perry et al, 1995). The 

hypothesis has been well described as an "inductionist’s delight" in which "example is 

piled on example, each somewhat consistent with the hypothesis but none seriously testing 

it" (Paneth & Susser, 1995).

The Barker hypothesis is based on a relatively small number of studies conducted 

in Britain. Corrobration of the major findings in other populations is clearly required. 

With regard to the specific association between birth weight and risk of NIDDM in adult 

life, McCance and colleagues (1994[b]) observed a U-shaped association among Pima 

Indians in Arizona. Presumably, heavier infants who subsequently developed NIDDM 

were the offspring of mothers with impaired glucose tolerance and it was argued that the 

association with low birth weight might have been due to the selective survival of 

smaller infants who were relatively insulin resistant. In this particular population low 

birth weight accounted for an extremely small proportion of cases of NIDDM. By 

contrast, in a bi-ethnic population in San Antonio, Texas, consisting of Mexican- 

Americans and non-Hispanic Caucasians, the prevalence of the insulin resistance 

syndrome (clearly defined) fell with increasing birth weight in both ethnic groups (Valdez 

et at, 1994).

Regarding the pathophysiological basis of the association between birth weight
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(and other indices of fetal growth such as Pondéral Index) and glucose intolerance, the 

focus in early publications from the Barker group was on defective jS-cell growth in utero 

as a cause of later pancreatic hyposecretion of insulin whereas in later publications (based 

on similar data) the focus has shifted to fetal growth retardation as a cause of later insulin 

resistance (Phillips & Barker, 1993). Indeed with typical ingenuity, abnormal blood 

vessel development in utero, leading to reduced capillary density, has been invoked as 

a possible mediator of both pancreatic hyposecretion and insulin resistance in peripheral 

tissues such as skeletal muscle (Phillips & Barker, 1993). As discussed in earlier sections, 

there is considerable evidence that insulin resistance is an early pathophysiological event 

in the development of NIDDM and it is hypothesised that insulin resistance mediates the 

common causal factors linking NIDDM and CHD (to which we must now add 

intrauterine programming as a putative common causal factor). However, given the 

acknowledged importance of genetic and post natal environmental factors in the 

development of insulin resistance and the fact that mothers with hypertension and 

moderate degrees of insulin resistance in pregnancy give birth to lighter infants (Breschi 

et al, 1993), it will be difficult to establish a specific independent role for intrauterine 

nutritional programming in the development of insulin resistance.

Ecological studies of NIDDM

Studies across populations (and within populations over time) are of particular value in 

the elucidation of environmental factors in the development of conditions such as 

NIDDM. There are considerable data on the occurrence and the distribution of NIDDM 

world wide and to a lesser extent over time. Interpretation of these studies however is 

fraught with difficulties given the problems with the classification, diagnosis and case
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detection of NIDDM to which I have alluded in Chapter 1. The glucose load used in 

glucose tolerance tests and the diagnostic criteria for diabetes have varied widely in 

different studies. In some studies, known diabetics were included irrespective of the level 

of plasma glucose on screening, whereas in others they were included only if the glucose 

level was in the diabetic range (Haman, 1983). Additional problems in the interpretation 

of ecological data include those associated with inaccurate and imprecise glucose 

measurements, non-random population samples and variable case fatality rates (Alberti,

1993). Studies of NIDDM mortality are particularly suspect as it is estimated that only 

50 percent of persons with diabetes will have the diagnosis listed on the death certificate 

(Hamman, 1983). In prevalence studies, age groups studied have varied widely and in 

many studies insufficient data have been provided to allow for age standardisation. Urine 

analysis for glycosuria has been used as a screening test prior to formal glucose tolerance 

test in some studies. Unfortunately the sensitivity of this test is variable and is 

particularly influenced by age.

Despite these problems, ecological studies provided early and compelling evidence 

of the interaction between environmental and genetic factors in the aetiology of NIDDM. 

This work has laid the foundation for analytical studies (including the study presented 

in this thesis) which have addressed the role of specific environmental factors in the 

development of NIDDM.

NIDDM mortality

Methodological caveats aside, it is likely that large differences in age adjusted mortality 

rates, as in the 1976-1978 period between Belgium 13.9 and Iceland 3.0 per 100,000 

persons per year, retlect real differences in disease risk (Hamman, 1983). In Britain
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diabetes mortality data (which reflects largely deaths from NIDDM, as it accounts for 

over 80% of all diabetes) has been used to explore the influence of obesity and 

socioeconomic status on disease risk (Hamman, 1983). Of interest is the data cited by 

Hamman (1983), which suggests that an increase in body mass index (BMI) in British 

males between World War II and the mid 1960’s was associated with a rise in diabetes 

mortality whereas BMI and diabetes mortality in females were stable over the period. 

Between 1920 and 1972 a complete reversal of the socioeconomic gradient in diabetes 

mortality has been documented in England and Wales. The male standardised mortality 

ratio (SMR) for deaths from diabetes in 1972 was 128 in social class V with an almost 

uniform fall to 83 in social class I, whereas in 1920 the SMR in social class I was 129 

with an equally uniform fall to 66 in social class V (Haman, 1983). Reservations 

regarding the validity of mortality and social class data notwithstanding, this provides 

fairly compelling evidence for the role of environmental and lifestyle factors in the 

occurrence of diabetes in Britain.

NIDDM Prevalence

There are major differences in the prevalence of NIDDM within and between 

populations, ethnic groups, geographic regions and time periods. West compared the 

prevalence of "abnormal glucose tolerance" (2-hour blood glucose level of 8.3 mmol/L 

or above) in 12 populations world wide ranging from Panamanians to Cherokee Indians 

(West, 1972). Prevalence ranged from 2% to 25% and was related in a linear fashion to 

the frequency of obesity expressed as mean percent of standard weight. Zimmet (1982) 

has presented data on NIDDM prevalence from 15 population groups where methodology 

and diagnostic criteria were sufficiently similar to make "cautious" comparisons.
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Prevalence rates ranged from 1%-1.5% in Japanese, Indonesian and rural Indian 

populations to 2.5 % in Caucasian populations (Australia and New Zealand), to 29%-35 % 

in Micronesian, Cherokee Indian and Pima Indian populations. That genetic as well as 

environmental factors contribute to the differences observed is evidenced by the different 

prevalence rates seen in different ethnic groups in similar environments, with intermediate 

prevalence rates observed in mixed racial groups. In South Africa for instance NIDDM 

prevalence ranges from 3.6% in African, 6.6% in Malay and 10.4 % in Indian ethnic 

groups (Jackson, 1978). Inter-ethnic differences of similar or greater magnitude are 

described in Fiji, Singapore, Trinidad, Malaysia, and New Zealand (Zimmet, 1982). In 

the United States, age adjusted NIDDM prevalence is lowest in the "Anglos" and 

increases steadily with increasing "native American admixture" to the high rates seen in 

Pima Indians (Everhart,gr al, 1985). It is difficult to separate ethnic from 

environmental/socio-cultural effects, even in the US "melting pot". Accordingly these 

studies will overestimate the contribution of genetic susceptibility to diabetes prevalence 

in these populations.

Environmental influences are also highlighted by the uniformly adverse effects of 

modernisation or acculturation on NIDDM prevalence. From available records it appears 

that NIDDM was rare among the Pima Indians at the turn of the century, but by 1967 

they had the highest prevalence yet recorded in the literature. In 10 years between 1967 

and 1977 age adjusted prevalence increased by a further 42% (Bennett & Knowler, 

1980). As mentioned previously, similar trends are described with modernisation in 

diverse populations (King & Rewers, 1993) including Guam, Nauru, and a number of 

other Pacific island populations (Reed, 1973; Z'lmmct et al, 1990), Australian Aborigines 

(O’Dea, 1991), Melanesians in Papua New Guinea (Dowse et al, 1994) and African
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Americans (Harris et al, 1987),

Migrant studies

Studies of migrants provide unique opportunities to assess the effect of lifestyle change 

on NIDDM incidence and prevalence. However, as changes associated with migration are 

generally multiple and complex, one is not able to examine the effects of specific 

environmental factors. Migration is generally associated with a combination of relatively 

rapid improvement in economic circumstances, dietary change, the development of 

obesity, less physical activity and (insofar as it can be measured) psychological stress. 

Additional problems of interpretation of migrant studies relate to the self selection of 

migrants and the variable degree to which migrants form an ethnic enclave, with 

preservation of cultural, economic and religious structures, within their adopted country. 

Indeed, paradoxically where there is intermarriage among a small cohesive migrant 

community, diseases with a genetic component such as NIDDM may become especially 

prominent.

The effects of migration on NIDDM prevalence are particularly striking in Asian 

Indians. Age standardised prevalence is low in rural Indians, less than 2%, higher in 

internal migrants to urban centres, of the order of 10%, and also higher in migrants to 

diverse corners of the globe, including Fiji, South Africa, Singapore and the United 

Kingdom (Taylor & Zimmet, 1983; Ramachandran et al, 1988). Rates are generally 

higher than in the local population of the countries to which they have migrated, again 

emphasising the interaction between genetic susceptibility and environmental factors.

Yemenite migrants to Israel had a lower prevalence of diabetes at 0.06% than 

earlier settlers of the same origin. Twenty years later prevalence had increased to 11.6%.
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These rates have not been age standardised but we are told that the age distribution of the 

population was similar at the two time points (Cohen et al, 1979).

Diabetes was found to be twice as prevalent in Japanese migrants to Hawaii than 

in residents of Hiroshima (Kawate et al, 1979). However as is usual in these situations, 

individuals left to their own devices change several potential confounding variables 

simultaneously! The migrants were more sedentary, more obese and ate a diet containing 

a higher proportion of fat and simple carbohydrate. Similar findings emerged from a 

comparative study of NIDDM prevalence in Mexican Americans in San Antonio and 

residents of Mexico City (Stern et al, 1992). Of interest in the latter study is the fact that 

even among non-diabetic subjects, fasting and 2-hour post load glucose and fasting insulin 

concentrations were higher among Mexicans in San Antonio than in Mexico City.

As increased obesity and reduced levels of physical activity are prominent features 

in migrants, studies which attempt to "adjust" for these factor would be of particular 

interest in the elucidation of additional factors associated with migration such as dietary 

change and psychosocial stress. Taylor and Zimmet (1983), who have contributed 

substantially to the migrant literature in a series of carefully standardised studies in the 

south Pacific, have examined diabetes prevalence in the 25 to 64 age group in Wallesian 

migrants to New Caledonia compared with native Wallesian in three BMI strata. In each 

stratum diabetes prevalence was higher in the migrant group, though there was clearly 

a BMI migration interaction effect. The age adjusted relative risk (relative to non-migrant 

Wallesians) of diabetes in male migrants was estimated at 8.0 (confidence intervals not 

quoted) and the age and BMI adjusted relative risk was 6.6. It is more difficult to adjust 

for physical activity than BMI as it is obviously less reliably measured, and there are no 

migrant studies which have adequately addressed this issue.
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Compelling evidence of the importance of environmental factors associated with 

acculturation is provided by O’Dea’s work with Australian Aborigines, another ethnic 

group which has developed a high prevalence of diabetes associated with recent changes 

of lifestyle. In this relatively small but methodologically rigorous study, improvement or 

complete reversion of metabolic abnormalities associated with NIDDM was observed 

during a temporary reversion to a traditional hunting and gathering lifestyle (Zimmet & 

O’Dea, 1993). It is clear that as with most disease, genetic susceptibility to 

NIDDM varies considerably world wide and that the importance of environmental factors 

is modulated by the genetic back ground. In the Tokelau island migrant study for 

instance, changes in BMI were clearly related to the higher NIDDM incidence observed 

(Ostbye et al, 1989), whereas in South Africa, diabetes prevalence rates among Asian 

Indians were found to be approximately 5 times greater than in whites or Bantus, despite 

a lower prevalence of obesity in this ethnic group (Jackson, 1978). In Fiji a rural urban 

gradient in NIDDM prevalence, (with higher prevalence in the urban setting in each of 

two levels of physical activity) was seen in native Fijians, whereas the reverse pattern is 

seen in Asian Indians (Taylor & Zimmet, 1983).

NIDDM incidence

Determining the incidence rate of glucose intolerance is difficult due to its insidious 

onset. Some investigators have managed to derive a community based estimate of person 

time rate, notably in Minnesota, where person years at risk were determined from a 

community register that did not exclude those with the disease, an acceptable 

approximation of time at risk where the incidence of disease is low (Melton et al, 1983). 

An alternative approach is to study a fixed population at two separate points in time.



47

preferably five or more years apart, and then estimate the cumulative incidence rate over 

the period between the examinations. An approximation of the person year rate can then 

be derived by dividing the cumulative incidence rate (risk) by the length of the study 

period, provided the incidence rate is low and the period relatively short. Employing this 

methodology, the age/sex standardised incidence of NIDDM was 19 times higher in Pima 

Indians, than in Rochester, Minnesota (Knowler et al, 1978). While genetic factors are 

clearly of major importance in the high incidence of NIDDM in the Pima Indian 

population, the importance of environmental factors is highlighted by the rising incidence 

of NIDDM seen in this population in recent decades. NIDDM incidence rates increased 

by 40% in Pima Indians between 1965 and 1975 (Knowler et al, 1993), an observation 

which suggests that the high and rising prevalence of NIDDM in this population is not 

simply due to increased longevity of subjects with diabetes. Similar trends of an 

increasing incidence of NIDDM have been documented in the urban Hispanic population 

in the USA in recent decades (Haffner, 1991), trends which are also likely to reflect 

lifestyle change in a population which is genetically predisposed to develop high rates of 

NIDDM.

Risk factors for NIDDM; analytical studies 

Socio-economic status and NIDDM

Data on socio-economic status and NIDDM are limited. Given the inverse association 

between socio-economic status and obesity in developed countries one would expect to 

observe a similar inverse association with NIDDM prevalence. There is some evidence 

from developed countries which supports this prediction (Knowler et al, 1993). However 

there are no prospective data on socio-economic status and risk of NIDDM.
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Obesity and NIDDM

Obesity is the most widely recognised and the most important "environmental" risk factor 

for NIDDM. As early as 1921 Joslin, using life insurance data, estimated that those 

between 6-20% above average weight were between 6-12 times as liable to diabetes as 

those below average weight (cited by Mann, 1983). Over the intervening years 

innumerable studies have been reported which support this association, to the extent that 

in 1980 a WHO Expert Committee was able to agree that obesity constituted the most 

powerful risk factor for NIDDM (WHO, 1980). Several biologically plausible 

mechanisms link obesity with NIDDM. Obesity has been convincingly shown to be 

associated with insulin resistance (Bonadonna et al, 1990) and there are data which 

suggest a number of specific mechanisms such as a reduced number of insulin receptors 

and increased fat oxidation and glucose-fat-substrate competition in skeletal muscle 

(Spelsberg & Manson, 1993). The best epidemiological evidence for the role of obesity 

comes from prospective incidence studies such as those performed among the Pima 

Indians, middle-aged Norwegian men and US white female nurses (Knowler et al, 1981; 

Westlund & Nicolaysen, 1972; Colditz et al, 1990). In each of these populations the risk 

of NIDDM increased with increasing obesity, in a log-linear fashion with a relatively 

modest increase over a wide range of BMI or relative weight and a massive increase in 

the very obese. In the Norwegian study the point of inflection of the incidence curve was 

at a relative weight of 135 (Westlund & Nicolaysen, 1972) and in the Pima Indians at a 

BMI of approximately 35 kg/m- (Knowler et al, 1981). In the Nurses Health Study, in 

which 113,861 women aged 30 to 55 years were followed for 8 years, obese women in 

the highest BMI categories (BMI >29 kg/m^) had a 20 to 60 fold increased risk of 

clinically diagnosed diabetes relative to lean women (BMI <22 kg/m-) (Colditz et al.
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1990). Weight change since the age of 18 years was also an important, though less strong 

predictor of diabetes in this cohort.

The distribution of obesity is important with evidence of higher risk associated 

with truncal obesity. In the US Tops Club study the prevalence of NIDDM increased with 

increasing waist hip ratio in three strata of relative weight (Hartz et al, 1984). Among 

residents of London of either European or South Asian ethnic origin, waist hip ratio was 

more strongly related in a cross-sectional study to diabetes and impaired glucose tolerance 

than was BMI (McKeigue et at, 1992). In the Gothenburg study of NIDDM incidence, 

both BMI and waist-hip ratio made independent contributions to the probability of 

NIDDM (Ohlson et at, 1985). In Japanese-American men living in Seattle, the best 

antropometric variable predicting the development of NIDDM was the intra-abdominal 

body fat area determined by computerised tomography (Bergstrom et at, 1990). Of 

interest in this context is the data suggesting that central or truncal obesity is associated 

mainly with hypertrophy rather than hyperplasia of adipocytes and that such cells are 

relatively insulin resistant (Barrett-Connor, 1989). By contrast however, in the US male 

health professionals study, BMI was a much stronger predictor of NIDDM than waist 

circumference which was a better predictor than waist hip ratio (Chan et al, 1994). 

Measurement of waist and hip circumference in this study was based on self report, using 

a paper tape measure supplied by the investigators. Hence the effect of waist-hip ratio on 

risk of NIDDM may have been diluted by measurement error, though this is unlikely to 

fully explain the discrepancy between this and earlier studies. In a later longitudinal study 

from the Pima Indian population, a number of different antropometric measures were 

compared, using ROC curves, as potential predictors of NIDDM. In this study, BMI 

performed as well as a number of measures of central fat distribution, including waist-hip
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and waist-thigh ratio and percentage body fat as estimated by bioelectric resistance 

(Warne et al, 1995). Clearly one cannot necessarily generalise from the findings in this 

study to other ethnic groups as there may be ethnic variation in the relation between 

different measures of body fat and risk of NIDDM.

Where studies have failed to demonstrate an association between obesity and 

NIDDM, explanations have generally been forthcoming. Prevalence studies tend to 

underestimate the importance of obesity due to the effect of weight loss with onset of the 

disease and with therapy (Zimmet, 1982). The duration of obesity appears to be as 

important as the extent (Knowler et al, 1993), accordingly studies of the recently obese 

will yield lower relative risks.

Where the genetic predisposition is marked, a lesser degree of obesity is required 

to induce NIDDM. For instance among the Pima Indians, the risk of NIDDM in those 

with one or both parents diabetic compared with those with neither parent diabetic, is 

higher at every level of body mass index (Knowlerer at, 1981). Kobberling (1971), in an 

elegant study, found that the frequency of NIDDM in the siblings of diabetics fell with 

increasing obesity of the diabetic subjects.

Though the association between obesity and NIDDM is well established, it is not 

without controversy. Jarrett has argued that only severe obesity is associated with 

NIDDM and that therefore a relatively small proportion of cases of NIDDM in Britain 

are due to this factor (Jarrett, 1986). Moreover, in the Whitehall Study, obesity did not 

predict deterioration to NIDDM in men with impaired glucose tolerance (Jarret et al, 

1979), though clearly this is not necessarily incompatible with a role for obesity at an 

earlier stage in the development of NIDDM. The data from the British Regional Heart 

Study, as presented in this thesis, allow these particular issues to be addressed in detail.
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Physical activity

A protective effect of physical activity on the risk of developing NIDDM is biologically 

plausible (Spelsberg & Manson, 1993). Skeletal muscle represents the predominant site 

of insulin resistance in NIDDM (DeFronzo et al, 1992), and exercise training has been 

shown to improve insulin sensitivity in these tissues (Spelsberg & Manson, 1993). 

Exercise has a favourable effect on glucose tolerance and insulin sensitivity, both in 

individuals with established NIDDM and in non-diabetics, an effect which has been 

shown to persist for up to 72 hours after cessation of exercise (Schneider et al, 1984; 

Burstein et al, 1985). In clinical trials, obese individuals with impaired glucose tolerance 

have been shown to have lower insulin levels and evidence of improved glucose 

metabolism after moderate exercise regimens, even without weight loss (Bjorntorp et al, 

1970; Soman et al, 1979).

However, epidemiological data on the role of physical activity in the development 

of NIDDM are relatively inconsistent. Taylor and colleagues examined the relationship 

between NIDDM prevalence and physical activity in two ethnic groups, Indian and 

Melanesian, living in Fiji (Taylor et al, 1984). Physical activity was graded on the basis 

of occupation with sporting activity taken into account where it was substantial. The 

relative risk of NIDDM. in the sedentary/light as opposed to the moderate/heavy activity 

categories in the Indians was 2.1 and in the Melanesians 2.5. Both estimates were 

adjusted for age, triceps skinfold thickness and rural/urban residence. Though there is 

likely to have been residual confounding due to obesity and possibly bias due to reduced 

activity following diagnosis in the previously diagnosed diabetics included in the study, 

this study provides reasonably good evidence of a protective effect of physical activity 

in NIDDM. Annuzzi et al (1985), reported a similar protective effect of leisure time
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physical activity on glucose intolerance (clearly defined) independent of age, sex, BMI 

and skinfold thickness in a carefully conducted, matched case control study where cases 

and controls were drawn from an industrial screening programme which included an oral 

glucose tolerance test. In cross-sectional data from the British Regional Heart Study, an 

inverse association between physical activity level and non-fasting serum glucose has been 

reported (Perry et al, 1993).

By contrast however, in the Whitehall study no significant relationship was 

observed in either univariate or multivariate analysis between leisure time physical 

activity and 2-hour post load glucose level in a group of 6672 middle-aged civil servants 

who completed an activity questionnaire (Jarret et al, 1986). It may be that there was 

insufficient heterogeneity of exposure to adequately test the hypothesis in this particular 

study. However in US data from the National Health and Nutrition Examination Survey, 

where NDDG criteria were applied to the result of 2-hour, 75 gm glucose tolerance test, 

the proportion of individuals in three physical activity strata did not differ by glucose 

tolerance (Everhart et al, 1985).

To date there have been few prospective studies of the relation between physical 

activity and physician diagnosed NIDDM (Helmrich et al, 1991; Manson et al, 1991 [a]; 

Manson et al, 1992; Burchfiel et al, 1995). In the Nurses’ Health Study cohort, in which 

physical activity data were available from 87,253 women who were followed for eight 

years, the risk of developing NIDDM was lower by a third among those who engaged 

in vigorous exercise at least once per week. This effect was independent of age, BMI, 

family history of diabetes and early myocardial infarction, personal history of 

hypertension, cigarette smoking and alcohol intake (Manson et al, 1991 [a]). Exercise was 

associated with a similar reduction in the risk of NIDDM among obese and non-obese
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women. However, among women who exercised at least once per week there was no 

clear dose-response gradient according to the frequency of exercise. This does not seem 

biologically plausible and must raise concerns regarding possible confounding due to un­

measured life-style factors related to both physical activity and risk of NIDDM. Similar 

independent associations between higher exercise level and reduced risk of NIDDM were 

observed in a cohort of 5990 U.S. male alumni followed for approximately 14 years 

(Helmrich et al, 1991) and in 21,271 male U.S. physicians followed for 5 years (Manson 

et at, 1992). Reassuringly, in both of the latter studies a clear dose-response gradient was 

observed. In both studies also the apparent benefit of exercise was most marked in the 

obese. Indeed in the study involving the University of Pennsylvania alumni, the reduced 

risk of NIDDM associated with increased physical activity was confined to those defined 

as at high risk of NIDDM on the basis of high BMI, a parental history of diabetes or a 

personal history of hypertension (Helmrich et at, 1991). In the Honolulu Heart Program 

data, an inverse association between physical activity level and the incidence of clinically 

diagnosed diabetes is also described. In this study of over 6000 Japanese-American men, 

a significant effect of physical activity on diabetes risk was not seen in those whose BMI 

was in the upper quintile of the distribution (Burchfiel et aL 1995). Interpretation of this 

finding is difficult however, as in this study diabetes was defined on the basis of self- 

reported use of diabetic medication which may be less frequently prescribed for obese 

patients.

Hence the findings from prospective studies broadly support the hypothesis of a 

protective role for physical activity in the development of NIDDM. However, given that 

these studies were largely conducted on US health professionals and college alumni, there 

is a need to examine this association in a general population sample such as that provided
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by the British Regional Heart Study. In addressing this issue we need to remember that 

as physical inactivity is now regarded as the major cause of obesity in Britain and other 

developed countries (Prentice & Jebb, 1995), the relation between physical inactivity and 

NIDDM, unadjusted for obesity, will be more relevant from the public health 

perspective.

Cigarette smoking and NIDDM

A possible association between cigarette smoking and risk of NIDDM is suggested by the 

finding (in a population based study of middle-aged men) that smoking decreases fasting 

insulin and causes a transient increase in blood glucose level after an oral glucose load 

(Janzon et aL 1983). Smokers are generally thinner and in a number of prospective 

studies of the association between insulin level and cardiovascular disease it has been 

observed that insulin levels are lower in smokers (Ferrara et al, 1994; Yarnell et al,

1994). These observations suggest that smoking may exert direct "toxic" effects on 

insulin secretion. However, smoking is associated with increased waist-hip ratio 

(Shinokata et al, 1989) which is plausibly linked with insulin resistance and Facchini et 

aL{l992) have provided direct evidence to suggest that chronic cigarette smokers are 

insulin resistant and hyperinsulinémie. In a clinical study of 20 smokers and 20 non- 

smokers, plasma insulin levels post glucose load were higher in smokers as were steady- 

state plasma glucose concentrations in response to a continuous infusion of glucose, 

insulin and somatostatin. The smokers in this small study had additional features 

suggestive of insulin resistance, including significantly higher VLDL-triglycerides and 

lower HDL-cholesterol levels. It is difficult to reconcile these findings with the 

epidemiological data linking cigarette smoking with lower insulin levels and with the
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observation that smokers are thinner. However, this was a volunteer sample and although 

smokers and non-smokers had a similar distribution of age, body mass index and family 

history of diabetes, the differences in insulin sensitivity reported were not adjusted for 

these factors. Hence, the generalisability and interpretation of these findings is uncertain.

Data from observational studies on cigarette smoking and risk of diabetes are also 

somewhat inconsistent. In the Zutphen Study of middle-aged men, those who smoked 

>20 cigarettes daily had a relative risk of diabetes of 3.3 (95% C. I. 1.4 to 7.9) at 25 

years follow-up, adjusted for age, subscapular skinfold thickness, resting heart rate, 

alcohol and energy intake (Feskens & Kromhout, 1989). Given that smokers tend to be 

thin, it is unlikely that a more complete adjustment for obesity would have attenuated this 

association. However adjustment for physical activity in this study was also incomplete. 

In prospective data from the Nurses’ Health Study, current smokers were also at 

increased risk of NIDDM during 12 years of follow-up and a statistically significant dose 

response trend was observed (Rimm et al, 1993). The magnitude of the association in this 

population was less, with a relative risk of NIDDM of 1.4 (95% C. I. 1.18 to 1.72) 

among women smoking >25 cigarettes daily compared to non-smokers after adjustment 

for age, BMI, family history of diabetes, physical activity and other risk factors. Rimm 

and colleagues (1995) have reported broadly similar findings from the US male health 

professionals’ study (Rimm et al, 1995). At 6 years follow-up, men who smoked >25 

cigarettes daily had a relative risk of NIDDM of 1.9 (95% C. I. 1.25 to 3.03) compared 

with non-smokers, adjusted for important potential confounders. In this study, which 

included men aged 40 to 75 years, former smokers had a significantly higher risk of 

NIDDM than never smokers and a strong dose response relation between lifetime pack 

years of cigarettes and risk of diabetes was observed. The relative risk of NIDDM
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associated with smoking was greater among men who were less obese (Rimm et al,

1995).

By contrast, in the Framingham study, smoking was not associated with higher 

risk of NIDDM in the elderly (Wilson et al, 1986) and smoking did not emerge as a risk 

factor for diabetes in a prospective study of Israeli civil servants (Medalie et al, 1975). 

However relative to the studies of US nurses and health professionals both of these 

studies were small and may have lacked power to detect a significant effect. Hence, the 

data from the British Regional Heart Study provide a valuable opportunity to study this 

association with considerable power.

Alcohol intake and NIDDM

There are conflicting reports as to the acute effect of alcohol on glucose tolerance 

(Nikkila & Taskinen, 1975; McMonagle & Felig, 1975) and inconsistent findings from 

cross-sectional observational studies which have examined the relation between alcohol 

intake and glucose tolerance/NIDDM (Gerard et al, 1977; Ostrander et al, 1974). The 

findings from prospective studies of alcohol intake and NIDDM are also inconsistent 

(Ohlsen et al, 1988; Holbrook et al, 1990; Stampfer et al, 1988). In the Rancho Bernardo 

study alcohol consumption was an independent predictor of NIDDM in men aged 40 to 

79 years but not in women over a follow-up period of up to 14 years (Holbrook et al,

1990). In men a daily alcohol intake of >  24 g (2-3 U.K. units) was associated with 

50% increased risk of NIDDM compared to non-drinkers. In the Swedish Study of men 

born in 1913, Ohlsen and colleagues (1988), reported a marginal and non-significant 

increased risk of NIDDM associated with "high" alcohol intake over 13.5 years of 

follow-up. By contrast, prospective data from the Nurses Health Study cohort are
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consistent with a protective effect of alcohol intake on the risk of NIDDM (Stampfer et 

al, 1988). In this study there was a steady fall in the risk of NIDDM with increasing 

increasing alcohol intake. Among women consuming 15 g or more of alcohol daily 

(approximately 2 U.K. units), the age adjusted relative risk of NIDDM was 0.3 (95% 

C.I. 0.2 to 0.4) relative to non-drinkers and 0.6 (95% C.I. 0.3 to 0.9) after adjustment 

for age, body mass index, family history of diabetes and total calorie intake. In this study 

the non-drinkers carried the heaviest burden of cardiovascular disease and ill-health. This 

raises the possibility that the higher risk of NIDDM in this group relative to moderate 

drinkers may be an artefact, reflecting behaviour change associated with ill-health 

(Shaper, 1990). However even if the authors had used light drinkers (<  1.5g/day) as the 

reference category, they would have found a significantly reduced risk of NIDDM in the 

heaviest drinking category in the age-adjusted data. In a later study based on the US male 

health professionals cohort a similar linear inverse association between between alcohol 

intake and risk of NIDDM was observed (Rimm et al, 1995).

Hence, the balance of available evidence from prospective studies of alcohol 

consumption and risk of NIDDM suggests that drinkers may be at lower risk. As with 

the physical activity and cigarette smoking, data from the British Regional Heart study 

provide a unique opportunity to examine this relationship in a population-based sample 

of middle- aged men with a broad spectrum of exposure and data on a wide range of 

potential confounding variables.

Haematocrit and NIDDM

High haematocrit levels are associated with hypertension (Tibblin et al, 1966) and 

independently with increased risk of vascular disease including myocardial infarction and



58

stroke (Knotterus et ûl, 1988; Wannamethee et al, 1994[a]; Wannamethee et al, 1994[b]). 

The haematocrit level is an important determinant of whole blood viscosity (Wills & 

Merrill, 1962). There is evidence that haematocrit levels are increased in established 

diabetes, as one of a range of haemorheological abnormalities which enhance the risk of 

vascular disease in this condition (MacRury & Lowe, 1990). In cross-sectional data from 

the Tecumseh Study, raised haematocrit levels were associated with major components 

of the insulin resistance syndrome, such as obesity, hyperglycaemia, hyperinsulinemia, 

hypertension, and hypertriglyceridemia in healthy non-diabetic men aged 18 to 42 years 

(Smith et al, 1994). There is also evidence from a clinical study of an association 

between haematocrit and whole blood viscosity and insulin resistance (Moan et al, 1994). 

These observations raise the possibility that an elevated haematocrit level might predict 

NIDDM, thereby forming part of "the common soil" (Stern, 1995) linking NIDDM and 

cardiovascular disease. Direct evidence linking haematocrit and risk of diabetes is 

limited. In the Framingham study, high haemoglobin levels (highly correlated with 

haematocrit) predicted glucose intolerance in women but not in men (Wilson et al, 1981). 

In a five year follow-up of Israeli men, mean haemoglobin was significantly higher in 

those who developed diabetes (Medalie et al, 1975). However no other prospective study 

of risk factors for NIDDM has examined the role of haematocrit in the development of 

this condition.

Height and forced expiratory volume (FeviseJ and NIDDM

In a small study involving a population based sample of 58 subjects, it was observed that 

7 subjects with glucose intolerance were significantly shorter than controls, matched for 

age and sex and of similar BMI (Williams et al, 1991). It was suggested that this finding
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may be consistent with the Barker hypothesis linking retarded growth in utero with 

glucose intolerance in adult life (Barker, 1992). In the Isle of Ely Diabetes Project, a 

population study of the aetiology of NIDDM in middle-aged men and women, subjects 

with newly diagnosed glucose intolerance (either impaired glucose tolerance or NIDDM; 

21% of 1122) were significantly shorter than those with normal glucose tolerance and in 

both men and women a significant, independent, inverse association between height and 

plasma glucose level at 120 minutes post glucose load was observed (Williams et al, 

1995). Short stature is probably a marker for socio-economic disadvantage in childhood 

(Walker et al, 1988) and the latter may confound associations between height and glucose 

intolerance. It is noteworthy for instance that in the prospective data from the US Health 

Professionals’ Follow-up Study (a population which is relatively homogenous in socio­

economic terms), no association between height and risk of NIDDM was observed in a 

group of over 27,000 men (Chan et al, 1994). Diminished vital lung capacity was 

associated with increased risk of NIDDM in an early report from Pafenbarger study of 

college alumni (Paffenbarger & Wing, 1973). Lung function is obviously influenced by 

cigarette smoking and reduced lung volumes are also regarded as a relatively non-specific 

marker of "overall vigour and general health". Of relevance to the question of possible 

common risk factors linking NIDDM and CHD, it is worth noting that both short stature 

and reduced lung volumes have been associated with increased risk of cardiovascular 

disease, in particular myocardial infarction in several studies (Moris et al, 1966; Marmot 

et al, 1978; Cook & Shaper, 1988; Walker et al, 1989; Persson et al, 1986). As with 

glucose intolerance, the association between adult height and coronary heart disease may 

reflect intrauterine growth retardation and /or childhood deprivation. The mechanisms 

linking pulmonary volume and function with CHD remain obscure. It seems clear that
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this association does not simply reflect residual confounding due to cigarette smoking 

(Persson et al, 1986). It is suggested that reduced lung volumes may also reflect adverse 

intrauterine or early childhood circunstances (Barker et al, 1991). Height and lung 

volumes are closely inter-related and the latter is usually standardised for the former. In 

the British Regional Heart Study, associations between height and CHD were no longer 

significant after adjustment for height standardised FEVise  ̂ (Walker et al, 1989).

Baseline data on both height and Fev^^ from the British Regional Heart Study 

will be related to the subsequent risk of NIDDM in the cohort.

Diet and risk of NIDDM

Given the importance of obesity as a risk factor for NIDDM, the role of diet in the 

development of this condition merits brief review, although associations with diet are not 

addressed directly in this work. Ecological and migrant studies suggest a positive 

association between the prevalence of diabetes and total fat, animal fat and protein 

consumption and an inverse association with total carbohydrate intake (Spelsberg & 

Manson, 1993), though one must be mindful of the caveats that attend such data. 

Marshall and colleagues examined dietary habits, based on 24-hour recall and the 

prevalence of IGT and NIDDM, determined by oral glucose tolerance test, in a group of 

1317 undiagnosed Hispanic and non-Hispanic whites in Colorado (Marshall et al, 1991). 

A positive association between high fat and low carbohydrate intake and glucose 

intolerance was found. After adjustment for age, sex, ethnicity, BMI and energy intake, 

the risk of NIDDM increased by 45% with every 40g per day increment in total fat 

intake and by 31 % with every 90g per day decrement in carbohydrate intake.

Data from prospective studies are limited and the studies are of varying power and
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methodological rigor. Meat consumption was associated with increased mortality from 

diabetes in male Sevent-Day Adventists (Snowden & Phillips, 1985). In a 12-year follow- 

up study of Swedish women (Lundgren et aL 1989) and in a 25 year study of Dutch men 

(Feskens et al, 1989), dietary factors were not associated with the incidence of clinicaly 

diagnosed diabetes. In the Nurses’ Health Study, the risk of diabetes at 6 years follow-up 

fell with increasing intake of vegetable fat, potassium, calcium and magnesium (Colditz 

et al, 1992). In a recent prospective study, based on 20 year follow-up of the Finnish and 

Dutch cohorts of the Seven Countries Study with an oral glucose tolerance test for case 

ascertainment, the intake of dietary fat (especially saturated fat) was an independent risk 

factor for IGT and NIDDM after adjustment for age, body mass index and energy intake 

(Feskens et al, 1995).

Hence, given the difficulty of measuring dietary intake with adequate reliability 

and validity and the extent to which dietary constituents are inter-correlated, the data 

linking saturated fat intake with risk of NIDDM are reasonably consistent. Clinical and 

animal studies have suggested several plausible biological mechanisms by which increased 

dietary fat might contribute to the genesis of NIDDM, including effects on body weight, 

fat distribution and effects on the level of circulating free fatty acids (FFA’s) (Spelsberg 

& Manson). Intracellular FFA oxidation is a powerful inhibitor of glycogen storage and 

glucose oxidation in the cell. Hence insulin antagonises FFA oxidation. In obese non­

diabetics and in obese patients with NIDDM, increased postabsorbative plasma FFA 

levels and a weakened antagonistic effect of insulin on lipid oxidation has been 

demonstrated (Lillioja et al, 1985: Groop et al, 1991). It is argued therefore, that an 

elevated rate of FFA oxidation, associated with obesity and/or a high fat diet, is 

theoretically able to induce all of the major intracellular abnormalities of glucose
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metabolism in NIDDM (DeFronzo et at, 1992). However the use of plasma FFA 

concentrations as a marker of dietary fat intake is controversial and studies based on the 

measurement of fatty acids in adipose tissue, which may provide a better marker of long­

term dietary fat intake (Hunter, 1990), are awaited with interest.

It should be noted that in some populations, particularly those of African or Afro- 

Caribbean origin, the prevalence of NIDDM (and obesity) is high (Harris et al, 1987) 

despite relatively low saturated fat intake (Douglas, 1990) and blood cholesterol levels 

(Chaturvedi, 1994). It seems likely therefore that although there may be a specific 

association between saturated fat intake and NIDDM, obesity will increase the risk of this 

condition regardless of the source of excess calories. However, it is tempting to speculate 

that the association between NIDDM and CHD in "Westernised" populations may at 

least partially reflect a common aetiological role for dietary saturated fat. In the US, 

CHD mortality rates have fallen steadily in recent decades despite a rising prevalence of 

obesity (Kuczmarski et al, 1994) and an extremely high prevalence of NIDDM (Harris 

et al, 1987). It is accepted that cholesterol levels are falling in the US (Johnson et al,

1993) and it is now apparent that the rising prevalence of obesity reflects increased intake 

of foods low in fat combined with low levels of physical activity (Byers, 1995).

Glucose intolerance and atheromatous vascular disease 

NIDDM

NIDDM has been shown to be associated with a substantially increased risk of vascular 

disease, including myocardial infarction, peripheral vascular and cerebrovascular disease 

(Kannel & McGee, 1979[a]; Fuller et al, 1983; Manson et al, 1991[b]). In the Bedford 

study for instance, the prevalence of arterial disease as reflected by WHO questionnaire
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history of angina, myocardial infarction and intermittent claudication and by Minnesota- 

coded ECG findings, increased with increasing glucose intolerance (Keen et al, 1965). 

In a subsequent follow-up study, coronary artery disease mortality was higher in those 

with "borderline diabetes" and NIDDM (Jarret et al, 1982). In North America, it is 

estimated that about three-quarters of deaths among diabetic patients are due to 

atherosclerotic vascular disease compared with about one-third of deaths in the general 

North American population (Wittels & Gotto, 1992). In women, NIDDM appears to 

abolish the protective effect of female sex on the risk of cardiovascular disease. In the 

U.S. Nurses’ Health Study the age-adjusted total cardiovascular mortality rate was 

increased more than 6-fold in women with NIDDM (Manson et al, 1991[b]). With 

adjustment for CHD risk factors linked with NIDDM such as hypertension and 

dyslipidemia (a dubious exercise given the potential to confuse mediating with 

confounding factors), there remained a 3-fold increased risk of death from cardiovascular 

disease in this group of women, aged 30 to 55 years. Diabetes (both NIDDM and IDDM) 

is associated with increased risk of CHD in all population groups, it tends to amply the 

underlying population risk but does not abolish the differences between populations. This 

is particularly evident in Japan, where diabetes is associated with an approximate 

doubling of CHD risk as elsewhere but to a level lower than that observed in Western 

non-diabetics (Keen & Ashton, 1989). In Finland, where the population is regarded as 

genetically homogenous, NIDDM has been shown to be associated with a similar increase 

in the relative risk of CHD in Eastern Finland, where underlying CHD rates are high as 

in Western Finland, where underlying CHD rates are relatively low (Laakso et al, 1995).
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Asymptomatic hyperglycaemia and CHD

As one might expect, the data linking lesser degrees of glucose intolerance to CHD are 

less consistent than that linking NIDDM with CHD. In the International Collaborative 

Group Report, no significant association of glucose quintile with CHD mortality was 

detected in eight of eleven studies of middle-aged men in eight countries and in only one 

study was a strong independent association observed (Stamler & Stamler, 1979). 

Protocols and methods for assessing glycaemia varied considerably between these studies 

and in all but two studies there were less than 200 CHD events.

By contrast, in the 10-year follow-up data from the Whitehall Study, there was 

clear evidence of a threshold effect, with an approximately two-fold increased risk of 

CHD observed in the upper 5 % of the post-load glucose distribution. This effect was 

independent of major cardiovascular risk factors, including age, obesity, blood pressure, 

smoking, cholesterol level and electrocardiograph abnormalities (Fuller et al, 1983). A 

similar threshold effect of post load-glucose level on CHD mortality was reported from 

the Paris Prospective Study data (Eschwege et al, 1980). Barrett-Connor and colleagues 

(1984) reported a continuous, independent relationship between fasting plasma glucose 

and ischaemic heart disease mortality in men aged 40-79 years in a Southern California 

community. Similarly in the Honolulu Heart Program data a linear relationship between 

1-hour post load glucose and CHD mortality was observed (Donahue et al, 1987). Other 

major studies reported in the last decade include the Tecumseh study in which at 18 years 

follow-up there was a weak linear relation between asymptomatic hyperglycaemia and 

CHD in men (with 142 deaths) but not in women (with 71 deaths) (Butler et al, 1985). 

However, not all studies reported since the collaborative group analysis support an 

independent association between asymptomatic hyperglycaemia and CHD. In the Chicago
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Heart Association Detection Project data, asymptomatic hyperglycaemia (post-load) was 

not an independent predictor of CHD mortality (286 events) at 9 years follow-up in 

11,220 middle-aged men (Pan et al, 1986). An independent association of borderline 

significance was observed in women. In the Bedford study borderline post-challenge 

hyperglycaemia was predictive of CHD mortality only among women (Jarret et al, 1982). 

However, in 12 year data from the Gothenburg study no association between fasting 

blood glucose level and CHD end points was detected in a group of 1462 women, aged 

38 to 60 years with 28 events (Lapidus et al, 1985).

The British Regional Heart Study data allow the association between non-fasting 

glucose and risk of CHD to be addressed with considerable power, with adjustment for 

a wide range of potential confounding factors. The association between established 

NIDDM and CHD will also be addressed in these data.

Glucose intolerance and CHD: possible mechanisms

The association between NIDDM and atheromatous vascular disease is only partially 

explained by the higher prevalence of established vascular risk factors associated with 

diabetes, such as obesity, hypertension and common forms of dyslipidaemia (Kannel & 

McGee, 1979[a]; Fuller et al, 1983: Manson et al, 1991[b]). Several additional, specific 

lipid abnormalities are described in patients with NIDDM which probably contribute to 

the increased CHD risk. These include an elevation of triglycerides (particularly post 

prandial levels) and very low density lipoprotein (VLDL) concentrations and reduced 

HDL-cholesterol (Wittels & Gotto, 1992; Stewart et al, 1994). Increases in atherogenic 

intermediate density lipoproteins are also reported (Stewart et al, 1994). LDL-cholesterol 

levels, which are the best predictor of CHD in non-diabetics are not consistently higher
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in patients with NIDDM (Barrett-Conner et al, 1982). There is evidence however, that 

LDL-cholesterol is more athergenic in this setting due to glycation which interferes with 

catabolism and to oxidation which primes LDL particles for uptake by macrophages in 

the vessel wall (Stewart et al, 1994). There is also evidence that the composition of LDL 

particles is shifted towards a preponderance of "small dense" LDL particles which are 

more readily oxidised (Stern, 1995). NIDDM subjects also have altered apolipoprotein 

concentrations. However, lipoprotein (a) (Lp(a)) concentrations, which are regarded as 

a genetic marker for CHD risk are not consistently altered in NIDDM (Stewart et al,

1994).

A large number of additional mechanisms by which NIDDM increases the risk of 

CHD have been proposed. Among these factors are increased blood viscosity, enhanced 

activity of the polyol pathway, direct endothelial injury from hyperglycaemia, the 

accumulation of advanced glycosylation end-products in the arterial wall and 

abnormalities of platelet function and the coagulation system, including abnormalities of 

fibrinolysis due to elevated plasminogen activator inhibitor-1 (PAI-1) activity in plasma 

(Ganda, 1980; Salonen, 1989; Manson et al, 1991[b]; Wittels & Gotto, 1992). Other 

potentially relevant abnormalities include myocardial microvascular disease and cardiac 

autonomic neuropathy, which may predispose to ventricular arrhythmias and sudden death 

(Wittels & Gotto, 1992; Manson et al, 1991[b]). Both gross proteinuria and 

microalbuminuria which are common in NIDDM are associated with increased mortality 

from vascular disease in patients with this condition (Mogensen, 1984) and it is postulated 

that increased urinary albumin protein loss reflects a generalised increase in vascular 

permeability which predisposes to greater penetration of atherogenic lipoprotein particles 

into the arterial wall (Mykkànen et al, 1994[b].
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In the Whitehall study, no relation between duration of NIDDM and the risk of 

death from CHD was detected. This led Jarrett and Shipley (1988) to argue that NIDDM 

and CHD are not causally linked but share common, possibly genetic antecedents. In 

subsequent work however an effect of NIDDM duration on CHD risk was observed in 

women (Manson et al, 1991[b]), and given the plethora of potential mechanisms it is 

difficult to argue against a cumulative deleterious effect of NIDDM on CHD risk. There 

is evidence however, that NIDDM and CHD may in fact share common genetic 

antecedents which influence the development of insulin resistance (Hein et al, 1992) and 

there is considerable evidence that several important CHD risk factors (such as low HDL- 

cholesterol and possibly hypertension) are associated with insulin resistance and 

compensatory hyperinsulinaemia (Reaven, 1988). If insulin resistance (which is obviously 

influenced by environmental as well as genetic factors) antedates NIDDM, it is 

reasonable to hypothesise that vascular risk factors which cluster with insulin resistance 

will also antedate NIDDM, forming part of a common causal pathway linking NIDDM 

and CHD. It follows from this hypothesis that the increased risk of atheromatous 

vascular disease (in particular CHD) seen in individuals with NIDDM may be well 

established before the onset of clinically manifest disease.

The evidence that insulin resistance and hyperinsulinaemia antedate NIDDM has 

already been reviewed and, as discussed, the question of whether hyperinsulinaemia is 

an early abnormality in the development of NIDDM is addressed directly in this thesis. 

The question of whether major CHD risk factors (both lifestyle related and biological) 

predict NIDDM, forming part of a common causal pathway linking NIDDM and CHD, 

is also addressed in this thesis. In further analyses, inter-relations between serum insulin 

and major CHD risk factors at baseline (both lifestyle related and biological) are explored
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and finally, the association between circulating insulin levels and incident major CHD 

events is examined.

As the insulin resistance syndrome has provided a conceptual framework for much 

of the recent work on NIDDM and CHD, the data on associations between insulin and 

CHD risk factors which support this concept will be reviewed initially. Then the evidence 

linking insulin with CHD (which forms part of the insulin resistance model of the relation 

between NIDDM and CHD) will be considered and finally, the evidence that CHD risk 

factors predict NIDDM will be reviewed. In reviewing the latter question, the evidence 

that CHD risk factors predict NIDDM, the focus will be on biological risk factors 

considered in this thesis such as dyslipidemia and hypertension. The role of key lifestyle 

factors in the development of CHD, obesity, physical inactivity, alcohol intake and 

cigarette smoking has been mentioned briefly in the introduction to this chapter and the 

evidence linking these lifestyle related factors to NIDDM has already been reviewed in 

detail. The data on other risk factors which predict both NIDDM and CHD, notably 

increased urinary microalbumin excretion (Mykkànen et al, 1994 [b]; Yudkin et al, 1988), 

will not be reviewed.

The insulin resistance syndrome

Many of the abnormalities which contribute to the increased CHD risk in patients with 

NIDDM, such as obesity, dyslipidaemia and hypertension are known to cluster within 

individuals with and without diabetes. It is almost 40 years since Vague suggested that 

central obesity may be a marker for cardiovascular disease risk factors "determining 

predisposition to diabetes, atherosclerosis, gout, and uric calculous disease" (cited by 

Walker & Alberti, 1993). Other workers highlighted associations between obesity.
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hyperlipidaemia and NIDDM and it was suggested that these factors might have common 

dietary origins (Walker & Alberti, 1993). In the 1960’s, Stout and others developed the 

hypothesis that elevated circulating insulin levels play a central, unifying role in the 

aetiology of atheromatous vascular disease in both diabetic and non-diabetic subjects 

(Stout, 1990). Reaven (1988), articulated (or perhaps revived) the concept of a cluster 

of CHD risk factors, centred on insulin resistance with compensatory hyperinsulinaemia, 

which includes glucose intolerance, dyslipidaemia (increased VLDL triglyceride, 

decreased HDL-cholesterol) and hypertension. This syndrome, inelegantly named 

"Syndrome X" or the insulin resistance syndrome has recently been updated by Reaven 

and now includes increased small dense LDL-cholesterol particles, hyperuricemia and 

abnormalities of fibrinolysis (Reaven, 1994). Others have added central obesity (Zimmet,

1989), which has been shown to be independently associated with features of Syndrome 

X, including dyslipidaemia and hypertension (Bjorntorp, 1991). In his later version of 

Syndrome X, Reaven (1994) continues to argue for a central role for insulin resistance 

and hyperinsulinaemia as the driving force in the development of an adverse CHD risk 

factor profile and ultimately CHD events. However, the role of "environmental and 

behavioural factors", such as obesity and physical inactivity in the development of insulin 

resistance is somewhat reluctantly acknowledged (Reaven, 1994). Unfortunately, in this 

further reincarnation of the insulin resistance syndrome the distinction between aetiology 

and pathogenesis is not similarly acknowledged.

There is undoubtedly considerable population-based data to support associations 

between serum insulin and raised triglyceride and low HDL-cholesterol (Abbott et al, 

1987; Zavaroni et al, 1989). The reported associations with other lipid abnormalities, 

uric acid and PAI-1 are largely based on clinical studies (Laws & Reaven, 1993). Data
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on the association between serum insulin and blood pressure are markedly inconsistent 

within and between populations (Saad et al, 1991; Collins et al, 1990; Dowse et al, 

1993). There is however some evidence that the major components of the insulin 

resistance syndrome do in fact "cluster" in at least some populations (Ferrannini et al,

1991).

It should be emphasised however, that the concept of the insulin resistance 

syndrome is based largely (though not entirely Haffner, 1992) on cross-sectional data and 

that associations between insulin and other components of the syndrome are not 

necessarily one way. Thus for instance, it has been shown that acute elevations of 

triglyceride levels induce insulin resistance (Thiebaud et al, 1982) and both acute and 

chronic lowering of triglyceride levels lead to improvements in insulin sensitivity and 

glucose tolerance (Jones et al, 1990). At a more fundamental level, it is arguable that the 

development of the insulin resistance hypothesis in its current form reflects the dominance 

of the measurable (i.e. insulin) over the important (i.e. obesity and other lifestyle related 

factors such as physical activity, diet and possibly psycho-social stress) and the related 

preoccupation in contemporary clinical science with pathogenesis rather than aetiology 

(Cruickshank, 1995). In Chapter 5, in which data on association between insulin and 

CHD risk factors are presented, the focus is on lifestyle related variables (obesity, 

physical activity, alcohol intake and cigarette smoking) and evidence linking these factors 

with insulin resistance and hyperinsulinaemia is reviewed.

Insulin and CHD events

The role of insulin in the development of atherosclerotic cardiovascular disease is 

contentious (Stout, 1990: Jarrett, 1988; Savage & Saad, 1993; McKeigue & Davey,
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1995). It is hypothesised that hyperinsulinemia, reflecting resistance to insulin-mediated 

glucose uptake (insulin resistance) contributes to the development of atherosclerosis both 

directly via the atherogenic effects of insulin on the vessel wall and indirectly through 

associations between insulin and established cardiovascular disease risk factors (Stout,

1990). There is laboratory evidence supporting direct atherogenic effects of insulin (Sato 

et al, 1989) and as discussed above, there are consistent data linking elevated insulin 

levels with some cardiovascular risk factors (Abbott et al, 1987; Zavaroni et al, 1989). 

However, epidemiological data linking insulin with specific cardiovascular disease end­

points are inconsistent. In particular, there is uncertainty about the relation between 

circulating insulin levels and the development of coronary heart disease (CHD). This 

issue has been addressed in a number of prospective studies in western populations, with 

some findings suggesting an association with fasting insulin (Ducimetière et al, 1980) or 

post-load insulin (Fontbonne & Eschwege, 1991; Fontbonne et al, 1991; Pyorala, 1979; 

Pyorala et al, 1985) and some indicating no independent association between CHD and 

insulin (Welborn & Wear ne, 1979: Cullen et al, 1983; Hargreaves et al, 1992; Welin et 

al, 1992; Yarnell et al, 1994; Orchard aZ, 1994; Rewers et al, 1992). In a recent study 

Ferrara and colleagues (1994) observed a significant inverse association between 2-hour 

post load insulin and fatal cardiovascular disease in elderly men, with no association seen 

in elderly women.

In the previous studies, insulin concentrations were determined by 

radioimmunoassay methods which are not specific for insulin but cross-react to a variable 

degree with pro-insulin and pro-insulin split products. In this thesis, the association 

between non-fasting true insulin levels and major CHD events is addressed with 

considerable power in the British Regional Heart Study cohort.
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NIDDM and CVD: evidence for conmion risk factors

There is increasing evidence that in some population the adverse coronary risk factor 

profile, which clusters with insulin resistance (Reaven, 1988), also antedates NIDDM, 

i.e. that "the clock for coronary heart disease (starts) ticking before the onset of clinical 

diabetes" (McPhillips et al, 1990; Haffner et al, 1990). For instance, in a prospective 

study of elderly Finnish men, the risk of NIDDM was related to levels of triglyceride, 

HDL-cholesterol and blood pressure at baseline in addition to measures of obesity, 

glucose and insulin (Mykkànen et al, 1993 [a]). In this study impaired glucose tolerance 

at baseline was associated with a 10-fold increased risk of NIDDM on follow-up. 

However, the clustering of impaired glucose tolerance, with elevated triglyceride levels 

(>  2.5 mmol/L), hypertension (BP > 160/95 mmHg or on therapy), and decreased 

HDL-cholesterol level (<  1.0 mmol/L) was associated with a 59-fold increased risk of 

NIDDM relative to individuals with none of these risk factors.

It is noteworthy that in this Finnish study (Mykkànen et al, 1993[a]), and in the 

Zutphen and Rancho Bernardo studies (Feskens et al, 1989; McPhillips et al, 1990), 

plasma cholesterol levels were not elevated in men who subsequently developed NIDDM. 

Indeed Stern (1995), in a recent comprehensive review of prospective studies in this area, 

has stated that neither total cholesterol or LDL-cholesterol have ever been shown to be 

risk factors for NIDDM whereas both triglyceride and HDL-cholesterol concentrations 

has been associated with risk of NIDDM (in the direction anticipated) in all of the studies 

in which these lipids have been measured. As one might have expected the "never" in 

Stern’s statement does not survive scrutiny. Total-cholesterol and LDL-cholesterol did 

in fact emerge as independent predictors of NIDDM in one small study of Mexican 

Americans, the San Antonio Heart Study (Haffner, 1990). Similarily the data on whether
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elevated blood pressure predicts NIDDM are inconsistent, with positive (Mykkànen et al, 

1993[a]; McPhillips et al, 1990) and negative studies (Sicree et al, 1987; Jarrett et al, 

1984), reflecting perhaps the inconsistent findings in different population on the 

association between blood pressure and serum insulin levels (Collins et al, 1990).

In this thesis, the relation between CHD risk factors at baseline in the British 

Regional Heart Study and the development of clinically diagnosed NIDDM during a 

follow-up period of over a decade has been examined. The question of the extent to 

which CHD risk factors predict NIDDM and whether it is those risk factors which cluster 

(or are said to cluster) with insulin resistance which emerge in multivariate analysis is 

addressed with considerable power.

Summary

NIDDM is a heterogenous syndrome characterised by abnormalities of both insulin 

secretion and action. There is considerable evidence from ecological and migrant studies 

and from observational studies based on individuals that the risk of NIDDM is 

substantially influenced by factors acting in adult life, which are broadly associated with 

industrialisation or "Westernisation". There are unresolved issues regarding the form and 

magnitude of the association between obesity and NIDDM. Prospective data on the role 

of physical activity in the development of NIDDM are currently largely confined to 

graduates and health care professionals. The data on alcohol intake and NIDDM are 

inconsistent and the association with cigarette smoking has been examined in relatively 

few studies, also with inconsistent findings. Insulin resistance is an early event in the 

pathogenesis NIDDM. There is evidence that NIDDM and CHD share common risk 

factors, linked via insulin resistance. However there are discrepant findings on the
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associations between CHD risk factors and NIDDM and in particular on the issues of 

whether elevated blood pressure and total cholesterol predict NIDDM. Although 

established NIDDM is associated with increased risk of CHD, the data on associations 

between both asymptomatic hyperglycaemia and hyperinsulinaemia (a marker for insulin 

resistance) and CHD are inconsistent.

The BRHS cohort provides a unique opportunity to examine these issues in a 

prospective study involving over 7000 men, followed for the development of both 

NIDDM and CHD for over 12 years. This large cohort is representative of British 

middle- aged men of European ethnic origin. There is a broad spectrum of exposure to 

the life-style and biological factors of interest (including serum insulin levels) and data 

are available on a wide range of potential confounding variables.
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CHAPTER 3

METHODS
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Research design

The hypotheses regarding lifestyle-related factors in the development of NIDDM, the 

pathogenesis of NIDDM and the association between NIDDM and coronary heart disease 

(as set out in Chapter I) have been addressed in five inter-related studies involving the 

BRHS cohort:

(i) A longitudinal study of the aetiology of NIDDM, examining the role of lifestyle and 

biological CHD risk factors in the development of this condition during 12.8 years of 

follow-up of the BRHS cohort. A wide number of factors which have been linked with 

CHD have been examined as potential predictors of physician diagnosed NIDDM, 

including:

a) lifestyle factors linked with CHD, such as body mass index, physical activity, 

alcohol intake, cigarette smoking, and

b) established biological CHD risk factors, such as dyslipidaemia and 

hypertension.

(ii) A cross-sectional study of inter-relations between serum insulin concentration 

(measured with a specific assay) and CHD risk factors (both lifestyle and biological) at 

the baseline BRHS examination in a group of 5665 men (members of the BRHS cohort) 

from whom serum samples were saved at the baseline examination for later insulin 

measurement.

(iii) A longitudinal study of the association between non-fasting serum insulin level and 

the development of NIDDM during 12.8 years of follow-up in a group of 5550 non­

diabetic men from whom serum samples were saved at the baseline examination.

(iv) A longitudinal study of the association (in non-diabetics) between serum glucose at 

the baseline examination and the risk of major CHD events during 11.5 years of follow-
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up. Data are also presented on the effect of established NIDDM on the subsequent risk 

of major CHD events in the British Regional Heart Study cohort.

(v) A longitudinal study of the associations between serum insulin levels at the baseline 

examination (in the group of 5550 non-diabetics) and the risk of major CHD events 

during 11.5 years of follow-up.

Table 1 shows the personal, lifestyle and biological variables which were 

examined as possible predictors of NIDDM in the longitudinal study and/or as 

explanatory variables in the cross-sectional study of factors influencing non-fasting serum 

insulin levels. These variables have also been examined where appropriate as possible 

confounders or mediating factors in the studies of associations between established 

NIDDM, serum glucose and insulin levels and major CHD events.

The British Regional Heart Study

The British Regional Heart Study is a prospective study of cardiovascular disease in a 

representative sample of British middle-aged men. The primary aims of the British 

Regional Heart Study (BRHS) are (i) to explain the substantial geographic variations in 

cardiovascular mortality, by assessing the role of enviromental, socioeconomic and 

personal risk factors and (ii) to examine aetological factors in ischaemic heart disease. 

In the (BRHS), 7735 men aged 40 to 59, were selected at random from the age-sex 

register of one general practice in each of 24 towns in England, Wales and Scotland for 

examination between January 1978 and June 1980. The criteria for selecting the towns, 

general practices and subjects and details of the respondents and data collection have been 

described (Shaper et aL 1981; Shaper et al, 1985[a]). The towns were chosen to 

represent all major geographic regions in Britain and to reflect the variation in
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cardiovascular disease and water hardness (a major interest at the outset of the study). 

Within regions an attempt was made to identify towns with a population of 50 000 to 100 

000, which were representative of the region in socioeconomic terms. Towns with recent 

or ongoing population movement or with an unusual population structure were avoided. 

When a number of towns met the above criteria random selection was employed. Within 

each town, a group practice, representative of the socioeconomic composition of the town 

population, was chosen. From the age sex register of the chosen practice, 450 men were 

selected at random, stratified into four equal-sized five-year age groups. Men with 

cardiovascular or other disease or those receiving regular medication were not excluded. 

Between 6 and 10 men in each practice were excluded by the general practitioners on the 

grounds of severe mental or physical disability. The overall response rate was 78%, 

ranging from 70% to 85% across the 24 towns.

Data collection: base-line assessment

Research nurses administered a standard questionnaire and completed an examination of 

each man, including an electrocardiogram (Shaper et al, 1984). All measurements were 

made by a team of three nurses. Training for standardisation of procedures, including 

administration of the questionnaire, was carried out before the study and repeated at 

intervals throughout. Prior to commencement of the project, a feasibility study was 

carried out to test and a pilot study to finalise all methods and procedures. The 

questionnaire (See Appendix 1) included questions on occupational status, the usual 

pattern of physical activity, alcohol intake, smoking habits, medical history (including 

heart disease other than CHD) and use of medication, including anti-hypertensive drugs. 

Details of specific anti-hypertensive agents were not recorded. Age was recorded to the
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day of examination. Details of the classification of social class, physical activity, alcohol 

intake, smoking habits, pre-existing coronary heart disease have been reported, together 

with details of the measurement of height, weight, blood pressure, heart rate, forced 

expiratory volume (FEVi,gJ and haematocrit (Shaper et al, 1981; Shaper et al, 1985 [a]; 

Shaper et al, 1991; Shaper & Wannamethee, 1991; Wannamethee & Shaper 1992; 

Wannamethee et al, 1993; Wannamethee & Shaper, 1994).

Social class

The longest held occupation of each man was recorded and the men were grouped into 

one of the six social classes of the Registrar-General: I, II,III non-manual. III manual, 

IV and V. Those whose longest held occupation was in the Armed Forces form a 

separate group. In some of the analyses social classes I, II, and III non-manual have 

been combined as "non-manual workers" and social classes III manual, IV and V have 

been combined as "manual workers". Social class data were missing for 13 men.

Physical activity

The men completed an exercise questionnaire at baseline. The exercise questions referred 

to (i) the type and duration of exercise while travelling to work, (ii) the participants 

assessment of occupational physical activity, (iii) a grading (1-5) of week-end physical 

activity, (iv) the frequency of participation in active physical exercise such as running, 

digging, and tennis and (v) the number of years the subject had been involved in such 

activity.

A physical activity score was derived, based on the frequency and intensity of the 

activities reported, using recommendations of a National Heart, Lung, and Blood Institute
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workshop and the Minnesota intensity codes (Shaper & Wannamethee, 1991; 

Wannamethee & Shaper, 1992). This score, which has been validated against heart rate 

and lung function, is predictive of major cardiovascular end points, i.e. myocardial 

infarction and stroke (Shaper & Wannamethee, 1991; Wannamethee & Shaper, 1992). 

The men were grouped into six physical activity categories: inactive (N=686), 

occasionally active (N = 2345), light (N = 1761), moderate (N =  1205), moderately 

vigorous (N = 1120) and vigorous activity (N =  513). Data on physical activity were 

not available for 105 men. Men whose level of activity was moderate or higher were 

characterised as physically active.

Alcohol intake

Questions on alcohol intake formed part of a general enquiry into dietary, drinking and 

smoking habits. Alcohol consumption was recorded using questions on frequency, 

quantity and type, similar to those used in the 1978 General Household Survey. The men 

were classified into five groups according to their alcohol intake: never (N=466), 

occasional (<  1 unit/week; N =  1845), light; 1-15 units/week; N=2544), moderate (16-42 

units/week; N =2041) and heavy ( > 42 units/week; N=832). Data on alcohol intake were 

not available for 7 men. A unit of alcohol was half a pint of beer, a glass of wine, or a 

single measure of spirits (Shaper et al, 1988; Shaper et al, 1994). One U.K. unit is 

equivalent to 8-lOg of alcohol. The reported alcohol consumption has been correlated 

with 25 biochemical and haematological measurements performed on a single blood 

sample taken when the questionnaire was completed. Several measurements showed 

substantial dose-response relations with the reported alcohol consumption, including 

gamma glutamyl transferase (GOT), high-density lipoprotein-cholesterol (HDL-C), mean
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cell volume (MCV), aspartate transaminase (AspT) and blood lead, measurements 

recognised to be indicators of alcohol intake (Shaper et aZ, 1985 [b]). These findings 

strongly support the validity of the reported alcohol consumption on a group basis.

Cigarette smoking

The men were classified according to their current smoking status into one of five 

categories: never smoked (N = 1822), ex-cigarette smokers (N=2715), and current 

smokers (1-19/day (N = I188), 20/day (N=835), and >  21/day (N=1162). Those who 

had smoked only a pipe or cigars were classified as never smokers. Former cigarette 

smokers who smoked a pipe or cigars were regarded as former cigarette smokers. Data 

on cigarette smoking status were missing for 13 men. Smoking status in this cohort has 

been shown to be highly correlated with blood cadmium levels (Pocock et at, 1988), 

which are regarded as a useful biological marker of smoking status. Smoking status has 

also been shown to be strongly associated with physiological variables known to be 

influenced by smoking, such as lung function, haematocrit and heart rate (Cook et al. 

1990; Wannamethee & Shaper, 1994).

Pre-existing coronary heart disease (CHD)

Using the WHO (Rose) chest pain questionnaire and a 3-orthogonal lead 

electrocardiogram, pre-existing CHD at screening was defined on the basis of any of the 

following criteria: recall of doctor diagnosis of angina or heart attack, a WHO (Rose) 

chest pain questionnaire response indicating angina or possible myocardial infarction, or 

electrocardiographic evidence of definite or possible myocardial ischaemia or infarction 

(Shaper et al, 1984; Phillips et al, 1988). 25 % of the men (N= 1943) were characterised
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as having prevalent CHD at screening. In some analyses, the men have been separated 

into three groups according to the degree of evidence of prevalent CHD at screening, (i) 

no evidence of CHD (N=5767), (ii) evidence of CHD short of a definite myocardial 

infarction (N = 15I5) and (iii) men with evidence of a definite myocardial infarction on 

electrocardiogram or recall of a doctor diagnosis of myocardial infarction (N=428). Men 

in groups (ii) and (iii) have been categorised as having pre-existing coronary heart 

disease. ECG recordings were unavailable from 52 men.

Body mass index

Body mass index calculated as weight/height" (kg/m^) was used as an index of relative 

weight. Each man was weighed in trousers and socks to the nearest 0.1 kg on an MPSllO 

field survey scale (beam balance) and height was measured to the nearest millimetre with 

a Harpenden Stadiometer with digital meter. Men with BMI >  28 kg/m^, the top fifth 

of the BMI distribution in this cohort, were characterised as obese. Body mass index was 

not available for 3 men.

Blood pressure

Blood pressure was taken by the team of nurses. The London School of Hygiene 

sphygmomanometer was used to measure blood pressure twice in succession with the 

subject seated and the arm supported on the cushion. For each man the mean of the two 

readings was used. Diastolic blood pressure was recorded at the disappearance of sounds 

(phase V). All blood pressure readings were adjusted for observer variation within each 

town to allow for differences between the three observers (Bruce et al, 1988). Systolic 

and diastolic blood pressure data were missing from 8 and 10 men respectively.
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Heart rate (Wannamethee et al, 1993)

Heart rate was determined from a three lead orthogonal electrocardiogram. All men were 

supine and before the recording were resting while answering the questionnaire. On the 

basis of the eight second recording, the average RR interval (seconds) during that period 

was calculated: heart rate =  60/ (average RR interval) beats per minute. If a ventricular 

extrasystole occured during the eight second recording, it would have been used in 

deriving the estimate of heart rate (N=209; 2.7% of the men). A group of 49 men 

(0.6%) were in atrial fibrillation. Data on heart rate were missing from 52 men.

Forced expiratory volume

Forced expiratory volume in one second (FEVJ was measured in the seated position, 

using a Vitalograph spirometer. The maximum volume recorded was used. The data have 

been height standardised as follows: adjusted FEVĵ ej, = FEVise  ̂* (1.733/height^); where 

1.733 =  mean height in the cohort (Cook, 1988). Fev^^ data were not available for 85 

men.

Biochemical and haematological measurements

Non-fasting blood samples were obtained between 8.30 am and 6.30 pm. The time of 

arrival at the examination centre was noted and the estimated time of venepuncture was 

35 minutes later. Details of venepuncture, serum separation and storage have been 

described (Pocock et al, 1989). Serum was separated on site within 30 minutes of 

venepuncture and stored at -4° C until the following day. With the exception of serum 

insulin measurements (see below), analyses were performed within 24 hours of sampling. 

Glucose, total cholesterol and uric acid were analyzed in serum using an automated
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analyzer (Technicon SMA 12/60) (Pocock et al, 1989; Cook et al, 1986). HDL- 

cholesterol and triglyceride concentrations were measured using enzymatic methods 

(Pocock et al, 1989). Haematocrit levels were estimated using a Coulter S electronic 

particle counter (Coulter Electronics Ltd., Luton) which was calibrated daily. As 

triglyceride concentrations were not determined for men in the first six towns, data on 

this variable were available for only 5675 men. Data on haematocrit were missing from 

389 men. Glucose data were missing from 46 men, total cholesterol from 45 men, HDL- 

cholesterol from 316 men and uric acid from 47 men. Diurnal variation in glucose levels 

was modest, with a peak-trough difference of 0.4 mmol/L (Pocock et al, 1989).

Insulin measurement

Serum insulin concentration was determined by a two-site enzyme-linked immuno- 

adsorbent assay (ELISA) using commercially available monoclonal antibodies raised 

against human insulin (Novo Nordisk A/S: Denmark) which do not cross react with 

proinsulin (Anderson et al, 1993). Analyses were performed in the Department of 

Medicine, University of Newcastle upon Tyne, UK. on non-fasting samples from 5665 

men in 18 of the 24 BRHS towns (towns 7 to 24 in the order in which the towns were 

visited). These samples were stored at -20°C for between 13 to 15 years. In this 

laboratory (Newcastle upon Tyne), no change in insulin levels was detected in repeat 

assays of 34 samples, stored at -20°C over an 8 year period (mean difference 0.19 mU/L, 

paired t=0.7 ,p=0.5). The lower limit of detection for the ELISA was 1 mU/L and the 

interassay coefficients of variation were 5.5% at 8.8 mU/L, 5.9% at 21.6 mU/L and 

7.5% at 44.8 mU/L. The distribution of serum insulin was markedly skewed, range 1 to 

479.5 mU/L, median 11.9 mU/L, geometric mean (log sd) 12.7 (0.76) mU/L. There was 

obvious diurnal variation in serum insulin levels, with peaks between 8-9 am, 1-2 pm and
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6-7 pm, presumably related to meals, and troughs between 11-12 am. and 4-5 pm. The 

highest levels (geometric mean) were observed between 1-2 pm., (18.4 mU/L) and the 

lowest levels between 4-5 pm .,(10.3 mU/L).

Questionnaires at year 5 of follow-up and in 1992

Five years after the initial screening a questionnaire, similar to the baseline questionnaire, 

was mailed to all of the surviving men in the British Regional Heart Study. This 

questionnaire included questions regarding morbidity during the five year-period. A total 

of 7275 men, 98.4% of all available survivors, completed the questionnnaire 

satisfactorily. The available survivors exclude those men who had died (n=297) or 

emigrated (n=42) prior to the fifth year questionnaire. Non-responders included men who 

had moved and not yet registered with a new doctor (1%) and those who declined to 

participate. A further questionnaire was mailed in 1992 to 6582 surviving members of 

the cohort who were resident in Britain. This questionnaire achieved a response rate of 

90% (N = 5934), with 1% declining to participate, 1% not traced and 8% non­

responders.

In both the 5th year and the 1992 questionnaire the men were asked whether they 

had ever been told by a doctor that they had diabetes and whether they were using tablets 

and/or insulin injections for diabetes. In the 1992 questionnaire there were additional 

questions on whether a "diet for diabetes" had been prescribed, on the year of diagnosis, 

and on attendance at diabetic clinics.

Follow-up for development of NIDDM

The men have been followed for the development of doctor diagnosed cases of diabetes
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up to December 1991, a mean period of 12.8 years (range 11.5 to 13.0 years) (Walker 

& Shaper, 1984). Less than 1 % (N=73) of men were lost to follow-up, of whom 44 

(0.6%) have emigrated from the United Kingdom. New cases of NIDDM were 

ascertained by means of (i) the postal questionnaire sent to the men at year 5 of follow-up 

for each individual, (ii) systematic reviews of primary care records in 1990 and 1992, 

(iii) the 1992 questionnaire, and (iv) review of all death certificates for any mention of 

diabetes.

In the primary care record review, the records of each study participant (including 

discharge letters from hospital) were examined for a number of specific diagnoses 

including diabetes. Inconsistencies between the questionnaire data and the clinical records 

were resolved by means of further review of the primary care records. A diagnosis of 

diabetes was not accepted on the basis of questionnaire data, unless confirmed in the 

primary care records. Information on deaths (including copies of death certificates) was 

obtained through the established "tagging" procedures provided by the National Health 

Service registers in Southport (England and Wales) and Edinburgh (Scotland).

Ascertainment of incident cases of NIDDM (N=194)

Men who reported a diagnosis of diabetes at the baseline questionnaire (N = 121) were 

excluded as prevalent cases of NIDDM. Men with a non-fasting glucose at screening in 

the diabetic range ( >  11.1 mmol/L, N=23,) were also excluded as were men with a date 

of NIDDM diagnosis in the same calender year as the year of screening (N =  14). Thus 

7577 men were at risk of developing NIDDM during follow-up.

Incident cases of NIDDM were ascertained as follows:

i) cases of diabetes identified in the primary care record reviews of 1990 and 1992 which
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occured in men at risk of developing NIDDM (as defined above), with a date of diagnosis 

up to 31st December 1991.

ii) cases of self reported diabetes on the 1992 questionnaire among men at risk of 

developing NIDDM, with a year of diagnosis of 1991 or earlier, provided diabetes was 

confirmed on subsequent review of primary care records,

iii) cases of self reported diabetes on the 5th year questionnaire among men at risk of 

developing NIDDM who had died before the 1992 questionnaire, provided the diagnosis 

of diabetes was confirmed on review of the primary care records or mentioned in the 

man’s death certificate.

Agreement between self reported diabetes and primary care record review

In 96.7% of men who reported a diagnosis of diabetes in the 1992 questionnaire, the 

diagnosis was confirmed on review of the primary care records. This level of agreement 

between self reported cases of diabetes and medical records is similar to that reported in 

studies of diabetes incidence in health care professionals (Helmrich et al, 1991).

FoUow-up for major CHD events

Over 99% of study participants have been followed for major CHD events (fatal and non- 

fatal myocardial infarction) for a period of 11.5 years. Full details of follow-up 

procedures have been published and the criteria for fatal and non-fatal major ischaemic 

heart disease events have been described (Shaper et al, 1985 [a]; Walker & Shaper, 

1984). Information on death was obtained through the established "tagging” procedures 

as detailed in the preceeding section.
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Morbidity follow-up

To facilitate reporting of non-fatal major CHD events to the study coordinator (MW), a 

blue report card was placed in the medical record, held by the general practice of each 

member of the cohort. When a man in the study consults or is visited by a doctor for a 

cardiovascular event (myocardial infarction, angina, transient ischaemic heart attack and 

stroke), the report card is completed and returned to the study coordinator in the 

Department of Public Health at the Royal Free Hospital School of Medicine. A similar 

process takes place when a death occurs. All participating doctors have been asked to 

review their records, every 2 years between 1980 and 1992 (Walker & Shaper, 1984). 

A coordinator in each of the original 24 practices is responsible for mailing the blue 

cards, organising the biennial inspection of primary care records (which in 1990 and in 

1992 included a specific request to look for cases of diabetes) and notifying the study 

coordinator of removals from the practice. Any person who moves to a new area and 

who is registered with another General Practitioner is traced through the relevant Family 

Health Service Authority (formerly the Family Practitioners Committee). The new 

General Practitioner is contacted by letter and telephone and requested to notify the study 

coordinator of any cardiovascular events that have occurred (Walker and Shaper 1984).

Case definition for major CHD events

Non-fatal events- A non-fatal myocardial infarction was diagnosed according to WHO 

criteria, i.e. an event which satisfied at least two of the following criteria: (a) preceded 

by severe prolonged chest pain, (b) electrocardiograph evidence of myocardial infarction, 

(c) cardiac enzyme changes associated with myocardial infarction.

Fatal events- Fatal events were defined as deaths from ischaemic heart disease
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(International Classification of Disease 9th Revision: Codes 410-414) as the underlying 

cause. Any death recorded on the death certificate as being due to ischaemic heart disease 

(ICD 410-414) and not contradicted by the medical history or postmortem examination 

was classified as a fatal CHD event. Sudden death for which no other cause was 

apparent and which had been certified as being due to ischaemic heart disease was 

included in this category. Individuals who first had a non-fatal event and then a fatal 

myocardial infarction during the follow-up period were classified as having had a fatal 

event.

Statistical analyses

Details of the statistical analyses undertaken will be provided in the relevant Chapters.
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Table 1- Personal, lifestyle and biological variables which were examined as possible 
predictors of NIDDM in the longitudinal study and/or predictors of serum insulin in the 
cross-sectional study.

Age (years)

Occupational status (Social class)

Pre-existing coronary heart disease 

History of "other heart disease"

Use of anti-hypertensive medication 

Regular use of medication 

Glucose (mmol/L)

Body mass index (kg/m-)

Height (m)

Physical activity

Alcohol intake

Cigarette smoking

Forced expiratory volume ^ second)(U

Systolic and diastolic blood pressure (mmHg)

Heart rate (beats/min)

Serum total cholesterol and HDL-cholesterol (mmol/L) 

Serum triglyceride (mmol/L)

Serum uric acid (jumol/L)

Haematocrit level (%)

Serum insulin (mU/L)
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CHAPTER 4

RISK FACTORS FOR THE DEVELOPMENT OF NON-INSULIN- 

DEPENDENT DIABETES IN MIDDLE-AGED BRITISH MEN
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ABSTRACT

Objectives;- To determine the risk factors for NIDDM in a cohort representative of 

middle-aged British men with particular reference to the hypothesis that NIDDM 

shares common risk factors with coronary heart disease.

Design:- A prospective study.

Subjects and setting;- 7735 men aged 40-59, drawn from one group practice in each 

of 24 towns in Britain. Known and probable cases of diabetes at screening were 

excluded (N=158).

Main outcome measure;- Incidence of physician-diagnosed non-insulin dependent 

diabetes over a mean follow-up period of 12.8 years.

Principal Results;- There were 194 new cases of non-insulin dependent diabetes. 

Body mass index was the dominant risk factor for diabetes with an age adjusted 

relative risk (5th to 1st quintile) of 11.6; 95% C.I. 5.4 to 16.8. Men engaged in 

moderate levels of physical activity had a substantially reduced risk of diabetes, 

relative to the physically inactive, after adjustment for age and BMI (RR 0.4; 95% 

C.I. 0.2 to 0.7), an association which persisted in full multivariate analysis. A non­

linear relation between alcohol intake and diabetes was observed with the lowest risk 

among moderate drinkers (16-42 U.K. units/week), relative to the baseline group of 

occasional drinkers, RR 0.6 (95% C.I. 0.4 to 1.0). Additional significant predictors of 

diabetes in multivariate analysis included serum triglycerides, HDL-cholesterol 

(inverse association) and uric acid concentration, heart rate, haematocrit level, FEVise  ̂

, and prevalent coronary heart disease (CHD). However a number of important CHD 

risk factors, notably total cholesterol concentration, systolic blood pressure and 

cigarette smoking did not predict NIDDM.
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Conclusion;- Non-insulin dependent diabetes and coronary heart disease share some 

common lifestyle and biological risk factors. There are however several important CHD 

risk factors which are not related to the risk of developing NIDDM.
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Introduction

In this chapter the findings from the prospective study of risk factors for NIDDM in the 

British Regional Heart Study cohort are presented. This study addresses the role of 

lifestyle related factors in the development of NIDDM, i.e. body mass index, physical 

activity, alcohol intake, cigarette smoking. It also addresses the hypothesis that in this 

population CHD risk factors which cluster with insulin resistance and hyperinsulinaemia 

will antedate NIDDM. These factors include hypertension, dyslipidemia (specifically 

decreased HDL-cholesterol and elevated triglyceride levels) and hyperuricemia (Laws & 

Reaven, 1993).

A number of additional potential predictors of NIDDM, which have also been 

linked with CHD in longitudinal studies, were examined, i.e. haematocrit, height, and 

FEVisê .. As discussed in Chapter 2 there is evidence from cross-sectional data of an 

association between raised haematocrit levels and the insulin resistance syndrome (Smith 

et al, 1994; Moan et al, 1994) and there is evidence from the Framingham study of an 

association between high haemoglobin level and glucose intolerance (Wilson etal, 1981). 

Short stature and FEVî g  ̂have also been linked with increased risk of glucose intolerance 

(Williams et al, 1995; Paffenbarger et al, 1973). It is suggested that adult height reflects, 

amongst other factors, foetal growth and that the associations between height and risk of 

glucose intolerance and CHD may be consistent with the Barker hypothesis linking 

retarded growth in utero to these disease end-points in later life (Williams et al, 1991). 

It has also been suggested that FEV̂ gĝ  may be a marker of retarded foetal growth (Barker 

et aL 1991), though clearly there are additional factors which influence FEVisec (notably 

cigarette smoking) which are relevant to this study.
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Subjects and methods of data collection

The group of 7577 men who were at risk of developing NIDDM (following the exclusion 

of known and probable diabetics as defined in {Chapter 3) form the subjects of this study. 

Details of the exposure variables examined and of the methods of measurement have been 

set out in Chapter 3. Details of the ascertainment of cases of NIDDM and of the 

measurement of age, occupational status, body mass index, height, alcohol intake, 

physical activity, cigarette smoking, pre-existing CHD and other heart disease, use of 

antihypertensive drugs and other medication, blood pressure, serum glucose, uric acid, 

total cholesterol, HDL-cholesterol and triglyceride concentration, heart rate, haematocrit 

and FEVisec have been set out in Chapter 3.

Statistical analysis

All analyses were carried out using the Statistical Analysis System (S.A.S.). Cox’s 

proportional hazards models were used to assess the independent contributions of the risk 

factors to the subsequent risk of NIDDM and to obtain the relative risks adjusted for the 

other risk factors (Cox, 1972). The Cox proportional hazards model has a number of 

advantages over the logistic regression model which is widely used in longitudinal studies 

of cardiovascular disease. It accomodates unequal follow-up data and censoring of data 

due to death and withdrawal from the study. No assumptions are made regarding the 

distribution of survival times (i.e. time to develop NIDDM in the present study). In the 

standard Cox’s model it is assumed that for a given exposure, such as cigarette smoking, 

the hazard (essentially the risk of the end-point event at time t) is a constant multiple of 

the baseline hazard (e.g. the hazard in non-smokers) over the period of follow-up.

Physical activity, cigarette smoking, alcohol intake and pre-existing coronary heart
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disease were fitted as categorical variables in the proportional hazards model. Physical 

activity was fitted as 5 dummy variables (6 levels: none, occasional, light, moderate, 

moderately vigorous, vigorous), smoking as 4 variables (5 levels: never, ex-smokers, and 

1-19, 20, >21 cigarettes daily), alcohol intake as 4 variables (5 levels: none, occasional, 

light, moderate, heavy) and pre-existing CHD as a dichotomous (yes/no) variable. The 

adjusted relative risks in Figures 1 to 5 and 7 were obtained by fitting body mass index, 

blood glucose, systolic blood pressure, heart rate, HDL-cholesterol, triglyceride, urate 

and FEVjsec as four dummy variables for the five quintiles of each variable. Tests for 

trend and adjustments were carried out by fitting the quantitative variables in their 

continuous form. Haematocrit was fitted as four dummy variables for five haematocrit 

groups, based on absolute levels of hematocrit: <42.0% = 1183 men, 42.0-43.9% = 

1623 men, 44.0-45.9% = 1974 men, 46.0-47.9% = 1388 men and ^  48.0% = 1025 

men, (Figure 6), Tests for trend were carried out fitting haematocrit in its original 

continuous form. In Table 4  analysis of covariance was used to derive age and body mass 

index adjusted means. Logistic regression was used to calculate age and body mass index 

adjusted prevalence rates based on conversion of adjusted odds ratios to estimated 

proportions (Table 4). For the data presented in Tables 5 and Table 6, the validity of 

the proportional hazards assumption in the Cox’s models was checked by fitting a time- 

dependent interaction variable X=X(t), where X(t) = log (t). Subjects with missing values 

for covariates in the various adjustments using Cox’s model, were excluded from that 

particular analysis.

As glucose and triglyceride concentrations were not normally distributed, log 

transformation and geometric means were used. Because of the marked diurnal variation 

in serum triglyceride levels (Pocock et al, 1989), the log transformed data on this
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variable were adjusted for time of sampling, using the mean triglyceride level for each 

hour in which samples were taken and the grand mean. From each individual value, the 

mean for the hour of sampling for that individual was subtracted, and the result was 

added to the grand mean (Phillips, 1986).

Results

After a mean follow-up period of 12.8 years there were 194 new cases of NIDDM in the 

7577 men, an incidence of 2.15 per 1000 person years of follow-up. Men who developed 

NIDDM had significantly higher mean body mass index than other men (27.9 vs 25.4 

kg/m“; p <0.0001). Nearly half of NIDDM cases (44%) were obese ( > 28 kg/m^) 

compared to about 18% in the rest of the men. Men who subsequently developed 

NIDDM also had significantly higher mean blood glucose levels (6.2 vs 5.4 mmol/1; 

p <  0.0001) at baseline. There was little difference in mean age between the two groups 

(50.4 vs 50.2).

Body mass index and blood glucose

Table 2 and Table 3 show the incidence rate of doctor diagnosed NIDDM by quintile of 

serum glucose and body mass index respectively, the dominant predictors of NIDDM. 

Figure I shows the age-adjusted relative risk of NIDDM by quintile of serum glucose and 

body mass index. There was a more than 4-fold increased risk of NIDDM in the upper 

quintile of serum glucose (>  6.1 mmol/L and < 11.1 mmol/L) relative to the first 

quintile, (<  4.8 mmol/L), RR=4.7; 95% C.I. 2.9 to 7.6. The risk of NIDDM 

increased exponentially with increasing body mass index, with an over 11-fold excess risk 

in the upper quintile (BMI >  27.9 kg/m-) relative to the first quintile, (BMI < 22.9
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Kg/m-); RR=11.6; 95% C.I. 5.6 to 23.8. Among a group of 2614 men (34% of the 

participants), with either serum glucose or BMI in the fifth quintile, there were 137 cases 

of NIDDM, 71 % of the cases. Among a high risk group of 346 men (5 % of participants) 

who were in the upper quintile of both glucose and BMI, there were 42 cases of NIDDM 

during follow-up, 22% of the total number of cases.

Baseline characteristics of NIDDM cases compared with the rest of the cohort

Table 4 shows the baseline characteristics of the men who subsequently developed 

NIDDM compared with the rest of the cohort, adjusted for age and body mass index. No 

adjustments were made for serum glucose which is assumed to be in the causal pathway 

between the relevant exposures and NIDDM. Among those who developed NIDDM, 

there were significantly fewer moderate drinkers and physically active men than in the 

rest of the cohort. There was no difference in the proportion of manual and non-manual 

workers. Men who developed NIDDM were more likely to be smokers (p=0.06) and 

had a significantly higher prevalence of pre-existing CHD, but not of "other heart 

disease" or stroke. A higher proportion were using anti-hypertensive therapy but the 

difference was not significant. No significant difference in use of other medication 

between the groups was observed. Systolic and diastolic BP, triglyceride levels, uric acid, 

heart rate and haematocrit level were all significantly higer in the cases than in the rest 

of the cohort. and HDL-cholesterol concentrations were significantly lower in the

cases. There were no significant difference in mean height or total cholesterol 

concentration between the cases of NIDDM and the rest of the men.
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Social class and risk of NIDDM

Figure 2 shows the relative risk of NIDDM with 95 % confidence intervals in each social 

class group relative to Social Class III (manual), adjusted for age and separately for age 

and BMI. There was no evidence of an association between social class and risk of 

NIDDM in either the age or the age and body mass index adjusted data.

Physical activity, alcohol, cigarette smoking and NIDDM

Figure 3 shows the relative risk of NIDDM with 95% confidence intervals at different 

levels of physical activity and alcohol intake, adjusted for age and separately for age and 

BMI. An inverse association was seen with physical activity. The age and BMI adjusted 

risk of NIDDM decreased with increasing levels of physical activity to moderate levels 

(RR=0.4; 95 % C.I. 0.2 to 0.7, relative to the physically inactive) with no further decline 

thereafter. The additional adjustment for BMI produced some attenuation of the 

association between physical activity and NIDDM as compared with the age adjusted 

relative risks, {Figure 4). A shallow "U-shaped" relation was seen between alcohol intake 

and the risk of NIDDM with the lowest risk seen in moderate drinkers. Relative to 

occasional drinkers (the baseline group), the age and BMI adjusted relative risk of 

NIDDM was 0.64 (95% C.I. 0.43 to 0.96) among moderate drinkers. Current smoking 

was associated with a 50% increase in the risk of NIDDM relative to those who had 

never smoked, adjusted for age and BMI, (RR=1.5; 95% C.I. I.O to 2.2;p=0.04). No 

significant association with the number of cigarettes smoked was observed, {Figure 4). 

Ex-smokers were at similar risk of NIDDM as never smokers, (RR= 1.2; 95% C.I. 0.8 

to 1.8).
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Pre-existing CHD and the risk of NIDDM

Men with evidence of CHD at screening showed a 50% increase in risk of NIDDM on 

adjustment for age and BMI (RR=1,53 95% C.I. 1.13 to 2.07). This raises the question 

of whether the findings on physical activity, alcohol intake and cigarette smoking were 

influenced by behaviour change or by increased surveillance associated with a diagnosis 

of CHD. This issue was addressed in multivariate analysis and by examining the 

associations separately in men with and without CHD at screening. Before describing 

these analyses, data will be presented on the biological CHD factors which were 

associated with NIDDM after adjustment for age and BMI.

Biological CHD risk factors and NIDDM

Figure 5 shows the age and BMI adjusted relative risks of NIDDM, with 95 % confidence 

intervals, by quintile of systolic BP, diastolic BP, HDL-cholesterol, triglyceride and urate 

concentrations and heart rate. The age adjusted risk of NIDDM increased significantly 

with increasing systolic BP, an association which was markedly attenuated on adjustment 

for BMI, although the trend remained significant, p=0.02. A similar though weaker 

association was seen for diastolic BP. For HDL-cholesterol, the age and BMI adjusted 

risk of NIDDM was raised in the lowest quintile but there was relatively little decline in 

risk with increasing HDL-cholesterol therefter (test for trend p =0.004). A particularly 

strong association between triglyceride concentration and the subsequent development of 

NIDDM was observed with a more than 3-fold increased risk in the top relative to the 

bottom quintile on adjustment for age and BMI (test for trend p < 0.0001). The risk of 

NIDDM tended to increase with increasing urate although in the age and BMI adjusted 

data the lowest risk was seen in the 2nd quintile. For heart rate the risk of NIDDM was



101

markedly increased in the top relative to the lowest quintile (age and BMI adjusted 

RR=2.9; 95% C.I. 1.7 to 4.9).

Haematocrit and risk of NIDDM

Figure 6 shows the age and BMI adjusted relative risks of NIDDM, with 95 % confidence 

intervals in the four haematocrit groups relative to the baseline group (<  42%). There 

was a more than four-fold increased relative risk (RR) of diabetes among men with a 

haematocrit of 48% or higher relative to those with a haematocrit below 42%, adjusted 

for age and body mass index, (RR 4.5; 95% C.I. 2.5 to 6.3). In the age adjusted data 

there was an almost 6-fold increased risk of NIDDM in the highest relative to the 

baseline group.

FEVjsec and NIDDM

A linear inverse association between FEV,sec and risk of NIDDM was observed, {Figure 

8), with a substantially lower risk in the fifth relative to the first quintile after adjustment 

for age and BMI (RR 0.4; 95% C.I. 0.24 to 0.7).

Risk factors for NIDDM in multivariate analysis

Many of the factors shown to be significantly associated with risk of NIDDM after 

adjustment for age and BMI are interrelated, viz pre-existing CHD, physical activity 

level, alcohol intake, smoking status, systolic BP, HDL-cholesterol, heart rate, serum 

urate and triglyceride concentrations, haematocrit and FEV,sec. To identify independent 

predictors of NIDDM we have examined these factors adjusting for age and for each of 

the other variables. As serum triglyceride data were only available in 5327 men (130
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cases), we have adjusted for this variable in a separate model (below). The adjusted 

relative risks are presented in Table 5. There remained an over 6-fold increase risk of 

NIDDM in the fifth quintile of BMI relative to the first in multivariate analysis and the 

strong, linear, inverse association with physical activity was not attenuated. The 

associations with moderate drinking, heart rate, HDL-cholesterol level remained 

significant, whereas the associations with uric acid and pre-existing CHD were somewhat 

attenuated. The associations with haematocrit and FEVi^ec were also significant in the 

fully adjusted proportional hazard model with an over three-fold increased risk of 

NIDDM in the highest relative to the lowest haematocrit group and a 2-fold decreased 

risk in the fifth relative to the first quintile of the distribution of FEVisec. The associations 

between current smoking and systolic BP and the subsequent development of NIDDM 

were completely attenuated in this multivariate model.

Additional multivariate analysis: adjustment for triglyceride

Variables which emerged as significant (or borderline) predictors of NIDDM in the 

multivariate model presented in Table 5, were further adjusted for triglyceride in a 

separate model based on data from a subgroup of 5031 men with serum triglyceride data 

and data on the relevant variables. Table 6. Again, BMI was the dominant predictor 

of NIDDM and the association with moderate drinking was unchanged. The association 

with physical activity was of borderline significance in this model. However this may 

reflect the reduced sample size and there was no evidence that the physical activity- 

NIDDM association was attenuated on adjustment for triglyceride. The associations 

between pre-existing CHD, uric acid, haematocrit and FEV,sec and risk of NIDDM were 

essentially unchanged in this model after adjustment for triglyceride. The association with
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heart rate was attenuated. Although men in the top heart rate quintile were at somewhat 

higher risk of NIDDM than men in the bottom quintile after adjustment for triglyceride 

concentration, a significant linear trend was not observed. The inverse association 

between HDL-cholesterol and the risk of NIDDM was markedly attenuated after 

adjustment (with a change in the direction of the effect), reflecting the strong inverse 

association between HDL-cholesterol and triglyceride.

Effect of pre-existing CHD

The factors shown to be independently associated with NIDDM, i.e. BMI, physical 

activity, alcohol intake, uric acid, triglyceride, haematocrit and were also

examined separately in men without pre-existing CHD (n=3841 men;82 cases) and in 

men with pre-existing CHD (n=1296 men;45 cases) at baseline. This analysis was 

confined to the subset of men with available data on triglyceride and the other relevant 

covariates. Given the reduced sample size and number of cases within these subgroups 

the focus of this analysis was on the direction and magnitude of effects rather than the 

significance of linear trends. Associations of similar direction and magnitude were seen 

in both groups between BMI, physical activity, triglyceride and uric acid concentration 

and risk of NIDDM.

The positive association between haematocrit and risk of NIDDM was clearly 

evident in men without pre-existing CHD with a substantially increased risk in the highest 

relative to the baseline group, (RR 4.4; 95% C.I. 2.1 to 11.7) and a relatively smooth 

linear trend. This association was weaker and less consistent in men with evidence of pre­

existing CHD and the linear trend did not attain statistical significance. A test for 

difference in trend between the two groups was of marginal significance (p=0.09 for
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interaction). By contrast, the association between FEVise  ̂and risk of NIDDM was more 

apparent in men with pre-existing CHD at baseline.

Similarly for alcohol, the lower risk of NIDDM seen in moderate drinkers was 

more apparent in men with pre-existing CHD than in men without evidence of CHD at 

screening, raising the possibility of confounding due to changes in alcohol consumption 

following the diagnosis of CHD. In men without pre-existing CHD at baseline, moderate 

alcohol intake showed a small, non-significant reduction in risk of subsequent NIDDM, 

relative risk, 0.8 (95% C.I. 0.4 to 1.5) relative to occasional drinkers whereas in men 

with pre-existing disease the relative risk was 0.4 (95% C.I. 0.1 to 0.9). However these 

difference in the associations between FEV ŝec and alcohol and risk of NIDDM between 

men with and without evidence of pre-existing CHD at baseline were not significant on 

formal testing for interaction, possibly because of the small number of men involved.

Predictors in the upper serum glucose quintile

It is likely that a high proportion of men with serum glucose in the upper quintile ( > 6 . 1  

mmol/L) had glucose intolerance. Data on all covariates (including triglyceride) were 

available for 1042 men with serum glucose in the 5th quintile, of whom 65 subsequently 

developed NIDDM. BMI, physical activity, moderate alcohol intake, triglyceride 

concentration, haematocrit, FEVj^ec and prevalent CHD all showed similar association 

with risk of NIDDM in this subgroup as in the rest of the cohort. However no association 

with uric acid was observed.
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Discussion

This study confirms the value of the simple measures of body mass index and non-fasting 

glucose in the identification of men in middle-age at high risk for the development of 

NIDDM. There was a sharp increase in risk of subsequent NIDDM at relatively low non- 

fasting glucose levels, i.e. > 6 . 1  mmol/L. A strong, graded relation between body mass 

index and the risk of NIDDM was observed and the findings do not support the 

suggestion that modest levels of obesity are not associated with NIDDM (Jarrett, 1986). 

The findings support the hypothesis that physical activity reduces the risk of developing 

NIDDM. There was a more than two-fold increased risk of disease among men who were 

physically inactive relative to those engaged in regular moderate activity, an association 

that was independent of age, obesity, and other potential confounding factors. Moderately 

heavy alcohol intake (between 16 and 42 units per week) was also associated with a lower 

risk of NIDDM. This finding however should be interpreted cautiously, given that it was 

significent only in men without evidence of CHD at baseline. There was at most a weak 

association between cigarette smoking and NIDDM. Specific lipid abnormalities which 

are linked with insulin resistance, (raised triglyceride and low HDL-cholesterol 

concentration) (Abbott et aL 1987; Zavaroni et al, 1989), were shown to predict NIDDM 

and there was an association with high serum urate, which is also linked with insulin 

resistance (Facchini et al, 1991). Haematocrit and FEVi^ec, which are established 

predictors of CHD (Knotterus et al, 1988; Wannamethee et al, 1994; Walker et al, 

1989), also emerged as strong and independent predictors of non-insulin dependent 

diabetes in this cohort. However, no association between total serum cholesterol and the 

risk of subsequent NIDDM was observed. Similar factors predicted deterioration to 

NIDDM in men with relatively high non-fasting glucose levels (in the 5th quintile) at
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screening as in the rest of the glucose distribution. ^

No independent association between either blood pressure or the use of anti­

hypertensive therapy and the subsequent risk of NIDDM was observed. With regard to 

anti-hypertensive therapy, which has been incriminated in previous studies of risk factors 

for NIDDM (Skarfors et al, 1991), it should be noted that less than 5% of men in the 

Regional Heart study were exposed to this factor and we did not have data on specific 

anti-hypertensive agents. Hence it is likely that the study lacked power to address this 

issue.

The study sample.

Relative to other cohort studies which have examined risk factors for NIDDM (Helmrich 

et at, 1991; Manson et at, 1991[a]; Manson et at, 1992; Charles et at, 1991), the BRHS 

participants are uniquely representative of the population from which they are drawn, i.e. 

"European" middle-aged men in Britain. Hence the external validity, or generalisability 

of the findings to this population is probably high. However the generalisability of the 

findings to women or to ethnic minority groups in Britain is less certain and is obviously 

a matter of judgement (Rothman, 1986).

Measurements of exposure and disease

Reliability /  random error

Inevitably, a number of key exposures in this study will have been measured with less 

than optimal reliability. In particular, fasting blood samples would have provided more 

reliable measures of glycémie status, and of lipid levels (particularly triglycerides) at 

baseline. However it is worth noting that low reliability in the measurement of exposures
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such as physical Inactivity or elevated triglycerides will dilute aetiological association and 

in particular will attenuate estimates of the independence of effects in multivariate 

analysis. Indeed, with regard to physical activity, given the inherent problem of 

measurement error, it is likely that the magnitude of the association with NIDDM has 

been underestimated.

Validity/potential sources o f bias

Reliance on physician diagnosed cases of NIDDM represents an important limitation of 

this study, given the prevalence of undiagnosed NIDDM. Clearly, glucose tolerance test 

data would have been preferable both at initial screening (to ensure that all prevalent 

cases were excluded) and at the end of the follow-up period to minimise disease 

misclassification. However, the key methodological issue in this study is the possibility 

of ascertainment bias. It may be argued that case ascertainment was biased with regard 

to some of the exposures of interest such as obesity and physical inactivity, i.e. the over­

weight and physically inactive may be more likely to have had contact with their general 

practitioner and to have had disgnostic tests for diabetes. However, the smooth linear 

form of the NIDDM-BMI association does not suggest a case ascertainment artefact. 

Moreover, it is difficult to apply the same argument with regard to the associations 

between NIDDM and physical activity, triglyceride and HDL-cholesterol. These 

associations persisted after adjustment for BMI and for other factors which might increase 

the probability of a NIDDM diagnosis such as hypertension and prevalent CHD at 

screening. The weak association in these data between NIDDM and elevated blood 

pressure and the absence of an association with serum cholesterol or an independent 

association with cigarette smoking, provide further evidence against ascertainment bias.

It is worth noting that in the initial design of this study, it was planned to recall
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a sub-sample of men for formal glucose tolerance testing. The data from this additional 

work would have provided an estimate of the extent and direction of ascertainment bias 

due to different factors such as prevalent CHD at screening. Unfortunately this proposal 

had to be abandoned for logistical reasons.

Confounding

The lack of data on body fat distribution, a potentially important predictor of NIDDM 

(Ohlson et a f  1985), is a further limitation of this study. It should be noted however, that 

the association with physical activity was minimally attenuated on adjustment for body 

mass index and the association with alcohol intake was stronger. Hence for these 

variables, substantial residual confounding due to body fat distribution is unlikely, 

although it cannot be excluded. The study also lacked data on family history of diabetes. 

In previous prospective studies the association between physical activity and NIDDM was 

independent of family history (Helmrich et al, 1991; Manson et al, 1991 [a]; Manson et 

at, 1992). However it is conceivable (but unlikely) that exposure to alcohol or cigarette 

smoking was influenced by knowledge of family history.

On a more general issue, there is a need for cautious interpretation of findings 

from observational studies on relations between lifestyle factors such as physical activity 

and disease end-points such as diabetes where potentially important confounders are 

measured with low precision (Phillips & Davey-Smith, 1991). In particular, the extent 

to which one can adequately adjust for poor health and health related behaviour, potential 

sources of ascertainment bias (as above) and confounding in this study, is uncertain.

Physical activity, alcohol intake and cigarette smoking

The data on physical activity and NIDDM in this study complement and extend the
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findings from previous prospective studies which have addressed this issue in selected 

populations (Helmrich et al, 1991; Manson et al, 1991[a]; Manson et al, 1992; Burchfiel 

et al, 1995). We have studied a representative British population-based sample, using a 

validated measure of physical activity, and we were able to adjust for a considerably 

wider range of potential confounding factors than in the previous studies. It is 

noteworthy that there was no further decline in the risk of NIDDM once moderate levels 

of physical activity had been achieved. A similar pattern has emerged in previous 

prospective studies (Manson et al, 1991 [a]; Manson et al, 1992). No significant 

interaction with BMI was detected, which suggests that the effect of physical activity on 

NIDDM risk is similar in the obese and non-obese. We have also shown an association 

between heart rate, which may be regarded as a proxy measure of physical fitness and 

NIDDM. Indeed lower heart rate was an independent predictor of NIDDM in multivariate 

models which included physical activity. Though this may simply reflect the relatively 

high precision with which heart rate was measured, the possibiliity that heart rate is also 

acting as a marker for sympathetic nervous system activation (which is linked with insulin 

resistance (Saad et al, 1991; Bjorntorp, 1991) should be considered.

The data from this study provide, at most, weak and inconclusive evidence of a 

protective effect of alcohol on the risk of NIDDM. However it may be argued that the 

data provide no support for the hypothesis of a causal, positive link between alcohol 

intake and NIDDM.

The current study had considerable power to examine the association between 

cigarette smoking and NIDDM. The findings do not suggest a major role for cigarette 

smoking in the development of this condition. However there was a small but significant 

increased risk of NIDDM among current smokers after adjustment for age and BMI
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(RR=1.5). This is broadly similar to the relative risks associated with current smoking 

status reported from the Nurses Health Study and the US Health Professionals’ follow-up 

study, both of which were larger than the current study (Rimm et al, 1993; Rimm et al, 

1995). The lack of a gradient in risk with number of cigarettes smoked may reflect the 

relatively low precision with which this variable is measured due to terminal digit 

preference. Although the association with smoking was attenuated in full multivariate 

analysis, this model may well have included mediating factors such as dyslipidaemia.

CHD risk factors and NIDDM

As clinically overt NIDDM is preceeded by a prolonged period of insulin resistance 

(Lillioja et al, 1993), cardiovascular disease risk factors which cluster with insulin 

resistance should predict NIDDM. As discussed in Chapter 2, Reaven and others have 

developed the concept of a metabolic syndrome based on insulin resistance which includes 

glucose intolerance, hypertriglyceridemia, decreased HDL-cholesterol concentration, 

hypertension and hyperuricemia (Reaven, 1988; Stout et al, 1990; Laws & Reaven,

1993). The positive association between triglyceride concentration and the risk of 

NIDDM and the inverse association with HDL-cholesterol observed in the current study 

are consistent with data from cross-sectional studies linking insulin resistance with 

elevated triglyceride and decreased HDL-cholesterol concentrations (Abbott et al, 1987; 

Zavaroni et al, 1989). By contrast, the results of the current study provide little support 

for the hypothesis of a fundamental link between elevated blood pressure and insulin 

resistance. We observed weak associations between blood pressure and NIDDM which 

were markedly attenuated on adjustment for BMI and non-significant in multivariate 

analysis. The link between blood pressure and insulin resistance/ hyperinsulinemia in
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cross-sectional studies is more tenuous and inconsistent (Savage & Saad, 1993; Collins 

et al, 1990; Cigolini et al, 1991), than that between dyslipidemia and insulin resistance. 

In a number of studies of subjects with impaired glucose tolerance an inverse relation 

between diastolic BP and the risk of NIDDM has been observed (Jarrett et al, 1984; 

Charles et al, 1991). The association of higher uric acid levels with increased risk of 

NIDDM supports the proposed link between hyperuricemia and insulin resistance 

(Facchini et al, 1991).

Haematocrit and NIDDM

With adjustment for age and body mass index there was a more than four-fold increased 

risk of diabetes among the 14% of men with a haematocrit of 48% or higher relative to 

those with a haematocrit below 42%. In full multivariate analysis, there remained a three­

fold increased risk in the highest haematocrit group. Putting this in context, the relative 

risk of NIDDM associated with elevated haematocrit levels at screening in this cohort was 

of greater magnitude than that associated with elevated triglyceride and reduced HDL- 

cholesterol concentration, risk factors which are regarded as major elements in the insulin 

resistance syndrome (Laws & Reaven, 1993). Only glucose, insulin and body mass index 

at baseline were superior to haematocrit as predictors of NIDDM in this cohort. There 

was little association between haematocrit and blood glucose (Wannamethee & Shaper,

1994) and adjustment for blood glucose made little difference to the relationship seen. It 

should be noted however that the magnitude of associations in multivariate analysis is 

heavily influenced by reliability of measurement, which is likely to be higher for 

haematocrit than for other biological markers of increased risk of diabetes, thereby 

increasing the apparent importance of haematocrit. Moreover the magnitude of relative
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risk does not necessary imply a "stronger" or more fundamental aetiological role. It 

depends on the manner in which the exposure is categorised and on the relative 

prevalence of different exposures in the study population.

The mechanisms which underly this association between haematocrit and risk of 

non-insulin dependent diabetes are unclear. Clearly a single unifying mechanism is 

unlikely. We need to consider both physiological effects of insulin which are likely to 

influence the haematocrit level and fundamental causal factors in the development of 

insulin resistance and NIDDM. For instance it is reported that intravenous infusion of 

insulin in doses which increase plasma insulin to physiological levels is associated with 

increased transcap il liary escape rate of albumin and reduced plasma volume (Hilsted & 

Christensen, 1992). This may partially explain the association between haematocrit and 

hyperinsulinemia reported in the Tecumseh Study (Smith et al, 1994) and the association 

between haematocrit and insulin sensitivity as described by Moan and colleagues (1994). 

Physical training has been shown to decrease haematocrit levels (Suzuki et al, 1992) and 

in the British Regional Heart Study there is an inverse association between self reported 

physical activity and haematocrit (Wannamethee & Shaper, 1994). Though we have 

adjusted for physical activity in this study, there may well be residual confounding due 

to random measurement error, i.e. the adjustment for physical activity may have been 

incomplete.

In the Tecumseh Study, haematocrit levels were associated with markers of 

increased sympathetic tone such as higher heart rate and more specifically, elevated 

plasma norepinephrine levels after mental arithmetic exercises (Smith et al, 1994). There 

are plausible mechanisms linking psychosocial stress and increased sympathetic tone with 

obesity (particularly central obesity), insulin resistance and NIDDM (Bjorntorp, 1991).
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Direct evidence linking psychosocial stress and increased sympathetic activity with 

NIDDM is lacking. However, in this study, higher heart rate, which has also been shown 

to be associated with haematocrit (Wannamethee & Shaper, 1994), was an independent 

predictor of NIDDM in multivariate analysis which included adjustment for body mass 

index and physical activity. Hence it may be that increased sympathetic tone is one of the 

mechanisms linking haematocrit with increased risk of diabetes. However, the 

haematocrit-NIDDM relationship appeared to be independent of heart rate in multivariate 

analysis. Clearly further work is required to elucidate the underlying mecganisms. 

However, these findings suggest that a raised haematocrit level, which is a major 

determinant of whole blood viscosity, should be added to the cluster of risk factors 

which link non-insulin dependent diabetes with atheromatous vascular disease.

FEVisecî- and NIDDM

The inverse association between reduced lung volume and risk of NIDDM is of uncertain 

biological significance, given that (in contrast to the association between haematocrit and 

NIDDM) it was mainly evident in men with pre-existing CHD at baseline.

Significant negative findings

Total cholesterol, systolic blood pressure and cigarette smoking are the major independent 

predictors of CHD in this study (Shaper et al, 1985[a]). The failure of these factors to 

emerge as independent predictors of NIDDM merits comment. The lack of an association 

between total serum cholesterol and NIDDM, even in univariate analysis, is of particular 

interest given the fundamental role of cholesterol in the development of CHD (Shaper, 

1988; Monique Verschuren et al, 1995). It is consistent with the findings from all of the
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previous studies (bar one), as discussed in Chapter 2. It suggests that although NIDDM

and CHD share a number of common causal factors, linked by insulin resistance, there

are fundamental differences in the aetiology of these conditions.

The lack of an association between height and risk of NIDDM, is at variance with 

the findings from cross-sectional studies (Williams et al, 1995) but consistent with 

prospective data from the large US Health Professionals’ Study (Chan et al, 1994). 

Clearly this finding is not consistent with the Barker hypothesis linking retarded growth 

in utero to insulin resistance and NIDDM, on the basis of which one would have 

predicted an association between short stature and risk of NIDDM.

The lack of an association between social class and NIDDM (even in the age 

adjusted data) is also somewhat surprising. It should be acknowledged however, that the 

measure of social class employed in this study, based solely on occupational status, is 

imprecise and the study may have lacked power to address this issue.

Conclusions

The increased prevalence of NIDDM which generally occurs with industrialisation, 

suggests a role for life-style factors in the development of this condition. In this study, 

we have shown that obesity and physical inactivity are important independent risk factors 

for NIDDM. There is no evidence that alcohol intake increases the risk of NIDDM, 

indeed the findings are consistent with lower risk in moderate than in occasional drinkers. 

Cigarette smoking was associated with a small increase in risk of NIDDM after 

adjustment for the effect of smoking on body weight, though not in full multivariate 

analysis. It has been shown that there are derangements in a number of established 

cardiovascular disease risk factors, which are linked via insulin resistance, over a decade
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on average before the onset of clinically manifest NIDDM. It has also been shown that 

an elevated haematocrit level is associated with an increased risk of NIDDM. The latter 

is an acknowledged CHD risk factor but is not currently regarded as forming part of the 

insulin resistance syndrome. However, there was no evidence that total serum cholesterol 

lavels are associated with risk of NIDDM and systolic BP did not emerge as a significant 

predictor of NIDDM in multivariate analysis. These findings suggest that although 

NIDDM and atherosclerotic vascular disease share common risk factors, some of which 

are amenable to modification, there is a major component of CHD risk which is unrelated 

to risk of NIDDM.
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Table 2- Incidence of doctor diagnosed non-insulin dependent diabetes per 1000 person 
years of follow-up by quintile of serum glucose (non-fasting).

Glucose (mmol/L) No of men Events (n) Rate/1000 person-years

< 4.8 1473 (20) 1.14

4.8- 1770 (22) 1.03

5.3- 1276 (24) 1.57

5.6- 1497 (35) 1.95

6 . 1- 1512 (93) 5.32
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Table 3- Incidence of doctor diagnosed non-insulin dependent diabetes per 1000 person 
years of follow-up by quintile of body mass index.

BMI (kg/m^) No of men Events (n) Rate/1000 person-years

< 22.9 1527 (8) 0.44

22.9- 1508 (18) 0.98

24.6- 1533 (30) 1.63

26.0- 1507 (50) 2.78

27.9- 1500 (88) 5.06
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Table 4- Baseline values of selected variables [%, mean (se)] in 7577 middle-aged men, initially free of 
diabetes, by incidence of physician diagnosed non-insulin dependent diabetes during a mean follow-up of 
12.8 years. All variables have been adjusted for age and body mass index.

Developed non-insulin dependent diabetes during period of follow-up 

No Yes

Number of men 7383 194 p-vaiue

Manual occupation (%) 57 56 0.66

Current smokers (%) 41 48 0.06

^Moderate drinkers (%) 27 20 0.05

Physically Active (%) 37 28 0.01

Evidence of CHD (%)* 24 32 0.01

Other heart disease (%) 5.9 8.5 0.11

Anti-hypertensive

therapy (%) 4.7 6.7 0.22

Any regular

medication (%) 28 32 0.22

Heart rate (beat/min) 70.6(0.15) 73.2 (0.90) 0.005

Systolic BP (mmHg) 145.0 (0.23) 148.2 (1.43) 0.03

Diastolic BP (mmHg) 82.2 (0.14) 84.10 (0.90) 0.04

Cholesterol (mmol/L) 6.30 (0.01) 6.34 (0.07) 0.50

HDL-cholest. (mmol/L) 1.15 (0.003) 1.11 (0.02) 0.004

^triglyceride (mmol/L) 1.73 2.16 <0.0001

Uric acid (/imol/L) 359.1 (0.8) 370.5 (4.8) 0.02

Height (m) 1.732 1.734 0.78

FEV,_(L) 3.32 3.13 0.0001

Haematocrit (%) 44.4 45.6 <0.0001

 ̂ Daily 3-6 units of alcohol and weekend > 6 units 

^"Geometric mean (5197 vs. 130)
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Table 5- Predictors of non-insulin dependent diabetes in multivariate analysis. The analysis include 6693 
men, 171 cases with data on all covariates in the table. Each variable has been adjusted for age and for 
each of the other variables in the model.

Variable Adjusted relative risk p-value ##

Body mass index----- 6.5 (2.9-14.2) 0.0001

Prevalent CHD

(yes/no) 1.3 (0.9-1.8) 0.1

Physical activity

(Mod vs None) 0.5 (0.3-0.9) 0.02

Alcohol intake

(mod. vs. occasional) 0.6 (0.4-0.98) 0.04

Current smoking

(yes vs. never) 0.98 (0.6-1.5) 0.9

Systolic B P----- 1.2 (0.7-2.0) 0.3

HDL-cholesterol----- 0.7 (0.4-1.2) 0.04

Heart rate----- 2.3 (1.3-3.9) 0.07

Uric acid----- 1.4 (0.8-2.5) 0.02

Haematocrit

(<  42% vs >48%) 3.3 (1.7-6.5) 0.002

f e v ,3 ^ ~ ~ 0.5 (0.3-0.9) 0.003

## Test for linear trend for BMI, systolic BP, HDL-cholesterol, uric acid, heart rate, haematocrit and 

FEV,5^, with each variable fitted in a continuous form. For the categorical variables tlie p value refers to 

the relative risk in die highest relative to the baseline category.

 Upper fifth versus lowest fifth.
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Table 6- Predictors of non-insulin dependent diabetes in subset of men with available data on triglyceride 
and other covariates (5031 men; 124 cases).

Variable

Relative risk 

Adjusted ( 4-  ) Adjusted ( + + ) ## p-value

Body mass index----- 5.8 5.4 (2.3-12.4) <0.0001

Prevalent CHD 1.4 1.4 (0.9-2.0) 0.1

Physical activity

(Moderate vs None) 0.5 0.5 (0.3-1.0) 0.06

Alcohol intake

(moderate vs occasional) 0.6 0.6 (0.3-1.0) 0.05

HDL-cholesterol----- 0.9 1.4 (0.7-2.7) 0.8

Heart rate----- 2.1 1.8 (0.9-3.7) 0.6

Uric acid----- 1.4 1.3 (0.7-2.4) 0.03

Haematocrit

(<  42% vs >48%) 3.3 3.0 (1.4-6.5) 0.03

FEV,_ -  ~ 0.6 0.7 (0.3-1.2) 0.07

Triglyceride----- 2.5 (1.2-5.3) 0.004

Adjusted ( + ): Adjusted for age, BMI, cigarette smoking, pre-existing CHD, alcohol intake, physical 

activity, systolic BP, HDL-cholesterol, heart rate, luic acid haematocrit and FEV,,gc.

Adjusted (+  + ): Adjusted for above + sermn triglyceride concentration.

M  Test for linear trend (as in Table 3) in the model which includes serum triglycerides.

 Upper fifth versus lower fifth.



121

Figure 1- Relative risk of non-insulin dependent diabetes adjusted for age with 95% 
confidence intervals, by quintile of blood glucose and body mass index relative to the 
first quintile of each variable.
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Figure 2- Relative risk of non-insulin dependent diabetes adjusted for age and BMI with 
95% confidence intervals, in each social class group relative to Social Class III (manual). 
The X shows each relation adjusted for age alone.
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Figure 3- Relative risk of non-insulin dependent diabetes adjusted for age and BMI with 
95 % confidence intervals, by physical activity level and alcohol intake. The x shows each 
relation adjusted for age alone. The lowest physical activity group ("none") form the 
baseline group for this variable and occasional drinkers form the baseline alcohol intake 
group.
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Figure 4- Relative risk of non-insulin dependent diabetes adjusted for age and BMI with
95% confidence intervals, by cigarette smoking status. The x shows the association
adjusted for age alone.
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Figure 5- Relative risk of non-insulin dependent diabetes adjusted for age and BMI with 
95% confidence intervals, by quintiles of systolic and diastolic blood pressure, HDL- 
cholesterol, triglyceride and uric acid levels and heart rate, relative to the first quintile 
of each variable. The x shows each relation adjusted for age alone.
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Figure 6- Relative risk of non-insulin dependent diabetes adjusted for age and BMI with
95 % confidence intervals, by haematocrit level. The x shows the association adjusted for
age alone.

Risk of NIDDM
10.0

1.0

0.1
< 42 42 - 44 -  46

Haematocrit (%)
48 -



n i

Figure 7- Relative risk of non-insulin dependent diabetes adjusted for age and BMI with
95% confidence intervals, by quintile of forced expiratory volume (FEV̂ ggc ). The x
shows the association adjusted for age alone.
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CHAPTER 5

INSULIN AND CORONARY HEART DISEASE RISK FACTORS
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ABSTRACT

Objectives:- To test the hypothesis that CHD risk factors which emerged as predictors 

of NIDDM in the longitudinal data from the British Regional Heart Study (BRHS) 

would be positively associated with serum insulin (as a marker of insulin resistance) in 

the baseline cross-sectional data.

Design:- A cross-sectional study.

Subjects and setting:- 5550 non-diabetic men, aged 40-59 years, from 18 of the 24 

BRHS towns, from whom non-fasting serum was saved for measurement of serum 

insulin.

Main outcome measures:- The independent associations between non-fasting serum 

insulin and several lifestyle and biological CHD risk factors, with a particular focus 

on associations with obesity, physical inactivity, alcohol intake and cigarette smoking.

Principal Results:- A strong, positive, linear association between insulin levels and 

BMI was observed. There were significant inverse associations between serum insulin 

and physical activity, alcohol intake and cigarette smoking. These associations were 

independent of BMI and were significant in full multivariate analysis. Insulin was also 

strongly associated with serum glucose, triglyceride and HDL-cholesterol (inverse 

association) and heart rate. Associations with blood pressure, serum cholesterol, uric 

acid, haematocrit and Fev^^ were weak and of uncertain biological significance in 

multivariate analysis. A significant association between serum insulin and prevalent 

CHD after adjustment for age, BMI and other lifestyle characteristics was observed. 

This was attenuated on further adjustment for CHD risk factors such as HDL- 

cholesterol, with which insulin is highly correlated. There was a highly significant
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positive association between insulin and height in multivariate analysis.

Conclusion:- CHD risk factors, which predict NIDDM, cluster with insulin resistance 

as reflected by elevated serum insulin levels. The data suggest that the associations 

between alcohol and risk of both NIDDM and CHD in prospective studies are mediated 

via effects of alcohol on insulin sensitivity. The findings do not support the hypothesis 

that cigarette smoking is associated with insulin resistance.
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Introduction

This chapter address inter-relations between insulin and CHD risk factors which were 

examined as possible predictors of NIDDM in the longitudinal study (Chapter 4). Given 

the focus of this research on fundamental causal factors in NIDDM and on common 

causal factors linking NIDDM and CHD, there was a particular focus on associations 

between insulin and lifestyle related factors (obesity, physical inactivity, alcohol intake 

and cigarette smoking). It was hypothesised that factors which emerged as predictors of 

NIDDM in the longitudinal study would be positively associated with serum insulin (as 

a marker o f insulin resistance) in the baseline cross-sectional data.

There are considerable data to suggest that serum insulin levels increase with 

obesity (Cigolini et al, 1991) and with decreased physical activity (Feskens et al, 1994) 

reflecting the well documented effects of obesity and exercise on insulin resistance. Few 

studies have examined the relation between alcohol consumption and markers of insulin 

resistance. While the available data suggests that fasting and post-load insulin levels are 

lower in drinkers (Manolio et al, 1990; Razay et al, 1992; Mayer et al, 1993; Facchini 

et al, 1994) there are contrary reports ( Feskens et al, 1994). As discussed in Chapter 

2, Facchini and colleagues have reported that cigarette smoking is associated with insulin 

resistance and hyperinsulinaemia (Facchini et al. 1992) and this finding has subsequently 

been replicated in middle-aged men (Eliasson et al, 1994). However in our prospective 

study we did not detect a significant independent effect of cigarette smoking on risk of 

NIDDM and one would not therefore anticipate a strong independent effect of smoking 

on serum insulin levels in this population.

Associations between insulin and high serum triglyceride levels and low HDL- 

cholesterol levels have been consistently found in cross-sectional studies (Abbott et al,



132

1987; Zavaroni et al, 1989) and this pattern of dyslipidemia is regarded as integral to the 

insulin resistance syndrome (Reaven, 1988). Hyperuricemia is also correlated with 

hyperinsulinaemia and other components of the insulin resistance syndrome (Facchini, et 

al, 1991). By contrast, data on the association between insulinaemia and blood pressure 

are markedly inconsistent (Ferrannini gr a/, 1987; Saad «/, 1991; Cigolini 1991; 

Collins et at, 1990). Nearly all studies reporting strong associations between serum 

insulin levels and blood pressure were conducted among groups of northern European 

origin (Savage & Saad, 1993) and even among this relatively small sub-group of the 

world population, some data are discrepant (Manolio et al, 1990).

As discussed in Chapter 2, a positive association between serum insulin and 

haematocrit was reported from the Tecumseh Study (Smith et al, 1994), and in our 

prospective study of risk factors for NIDDM {Chapter 4) the haematocrit level at baseline 

was a strong and independent predictor of NIDDM. Associations between serum insulin 

and FEVisec and height have not been reported. A significant inverse association between 

FEVjsec and NIDDM was found in our prospective study. On the basis of the Barker 

hypothesis (Barker, 1992) one would anticipate an inverse association between serum 

insulin and height as a marker of fetal growth retardation. However height was unrelated 

to risk of NIDDM in the prospective study.

Subjects and methods of data collection

Serum insulin was measured in 5665 men, of whom 111 were known or probable 

diabetics at screening (as defined as in Chapter 3). The time of examination was not 

available in 4 men. Hence, serum insulin data were available from 5550 non-diabetic 

men. Details of the measurement of insulin and other variables: age, body mass index.
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height, social class, cigarette smoking, alcohol intake, physical activity, pre-existing 

CHD, use of anti-hypertensive therapy, blood pressure, serum glucose, uric acid, total 

cholesterol, HDL-cholesterol and triglyceride concentration, heart rate, haematocrit and 

FEVisê , have been set out in Chapter 3.

Statistical analysis

Inter-relations between serum insulin and CHD risk factors were examined in the group 

of 5550 non-diabetic men. Multiple regression analyses were used to obtain partial 

correlation coefficents and to assess the independent effects of CHD risk factors on serum 

insulin levels. Tests for trend with age, body mass index and height were carried out, 

fitting these variables continuously. Analysis of variance was used to assess the 

differences in geometric mean serum insulin at different levels of the categorical 

variables: social class, cigarette smoking, alcohol intake, physical activity, use of anti­

hypertensive therapy and pre-existing CHD {Tables 7-9). Tests for trend for the 

categorical variables were assessed by assigning quantitative values, e.g 1-6 for the 6 

physical activity groups and 1-5 for the 5 alcohol intake categories. The relative 

magnitude of associations between insulin and continuous biological variables was 

estimated by means of standardised regression coefficients derived from the product of 

the regression coefficient and the standard deviation of the relevant variable (Table 11). 

Analysis of covariance was used to estimate mean serum insulin in the fifth and first 

quintiles of BMI and height and at different levels of physical activity and other 

categorical variables, adjusted for the full range of predictors of serum insulin (Table 12).

As insulin and triglyceride concentrations were not normally distributed, log 

transformation and geometric means were used. Because of the marked diurnal variation
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in serum insulin and triglyceride levels (Pocock et al, 1989), the log transformed data on 

these variables was adjusted for time of sampling, using the mean level of each variable 

for each hour in which samples were taken and the grand mean. From each individual 

value, the mean for the hour of sampling for that individual was subtracted, and the result 

was added to the grand mean (Phillips, 1986).

Results

Serum insulin levels, geometric mean (95% C.I.), were lower among the group of 5550 

non-diabetic men than among the group of 111 known known diabetics, 12.4 mU/L (12.2 

to 12.7) versus 27.9 mU/L (22.4 to 34.8). Among the latter diabetic group, 24 were 

receiving insulin therapy and insulin levels, geometric mean (95% C.I.), were higher in 

this small group than in the group of 87 diabetics who were not recieving insulin therapy, 

154.5 mU/L (110.7 to 215.6) versus 17.5 mU/L (14.8 to 20.5).

Insulin and CHD risk factors: personal characteristics and pre-existing disease 

Table 7 shows serum insulin levels, geometric mean (95% C.I.), by 5-year age groups, 

by quintile of body mass index and height and by social class. Serum insulin was weakly 

associated with age in univariate analysis. However, no evidence of a significant trend 

across the four age groups was detected following adjustment for body mass index. A 

strong linear association between insulin and BMI was observed, (Table 7 and Figure 8). 

There was no association between insulin and height in univariate analysis. Manual 

workers had lower insulin levels than non-manual workers but the difference (in 

univariate analysis) was not significant. However, since taller men and non-manual 

workers tend to be thinner, following adjustment for body mass index, there was a
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significant positive association between serum insulin and height and a significant 

difference was seen between manual and non-manual workers, {Table 7).

Lifestyle related variables

Insulin levels were higher in ex-smokers than in never smokers but fell with increasing 

number of cigarettes smoked (Table 8 and Figure 9), There was a linear fail in insulin 

levels with increasing physical activity and increasing alcohol intake. These inverse 

associations with physical activity, alcohol intake and cigarette smoking were highly 

significant and minimally attenuated on adjustment for age and body mass index {Table 

8).

Anti-hypertensive therapy and pre-existing CHD

Insulin levels were higher in men taking anti-hypertensive therapy than in those who were 

not using anti-hypertensive therapy, but the differences were markedly attenuated on 

adjustment for age and BMI, (Table 9). Relative to men without evidence of CHD at 

baseline, insulin levels were higher in men with evidence of CHD short of a definite 

myocardial infarction (MI) and were highest in those with a definite MI on 

electrocardiogram or recall of a doctor diagnosis of MI, p <  0.001, (Table 9). These 

differences remained significant (though partially attenuated) on adjustment for age and 

body mass index, (Table 9).

Insulin and CHD risk factors: biological factors

Table 10 shows correlations (unadjusted and adjusted for age and BMI) between serum 

insulin and a number of continuous CHD risk factors which were examined as potential 

predictors of NIDDM in the longitudinal study. In addition to the association with BMI, 

insulin was strongly associated with serum glucose, triglyceride and HDL-cholesterol
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(inverse association) and heart rate. These associations were minimally attenuated on 

adjustment for age and body mass index. Weaker, though significant associations were 

also seen with cholesterol, uric acid, haematocrit and These latter associations

were substantially attenuated and were of uncertain biological significance after 

adjustment for age and body mass index.

Insulin and blood pressure

Insulin was significantly associated with systolic blood pressure in univariate analysis. 

However the association was substantially attenuated on adjustment for age and body 

mass index. A weak positive association between serum insulin and diastolic blood 

pressure was observed in univariate analysis and on adjustment for age and body mass 

index the direction of this effect was reversed (Table 10).

Magnitude and independence of associations with serum insulin

Many of the variables shown to be correlated with insulin in Table 10 are influenced by 

the personal and lifestyle characteristics which have been examined as predictors of serum 

insulin concentration in Tables 7,8 and 9. In Table 11 standardised regression 

coefficients for the associations between insulin and the continuous biological CHD risk 

factor are presented. In assessing the independence of associations, the effects of 

adjustment for personal and lifestyle characteristics have been presented separately.

Serum glucose, triglyceride, HDL-cholesterol and heart rate were strongly 

associated with insulin after adjustment for personal and lifestyle characteristics, {Table 

11, Column A), whereas the associations with haematocrit, uric acid, Fev^^, and 

cholesterol were weak. The inverse association between insulin and diastolic blood 

pressure which emerged on adjustment for body mass index was unchanged on adjustment
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for the other personal and lifestyle characteristics. No association was seen with systolic 

blood pressure following adjustment for these factors.

The magnitude of the association between serum insulin and triglyceride was 

second only to that between insulin and glucose. Triglyceride is significantly associated 

with most of the biological CHD risk factors, in particular with HDL-cholesterol (r= - 

0.46), cholesterol (r=0.36) and uric acid (r=0.27). The effects of adjustment for 

triglyceride are shown in Table i / ,  Column B. The association between insulin and heart 

rate was unchanged on adjustment for triglyceride. The inverse association with diastolic 

blood pressure strengthened. Adjustment for triglyceride markedly attenuated the 

associations seen with HDL-cholesterol and uric acid and the weak associations with 

haematocrit and Fev^^ were further attenuated. The weak positive association between 

insulin and total cholesterol became negative following adjustment for triglyceride. When 

all these factors (with the exception of systolic BP which was non-significant in the first 

model [model A] and glucose) were included in a further the multiple regression model 

{Table 11 y Column C), these associations were not greatly altered. The association 

between insulin and uric acid became non-significant. Further adjustment for glucose also 

made little difference to these associations {Table 11, Column D).

Many of the personal and life-style related characteristics with which serum 

insulin was associated in univariate analysis and on adjustment for age and BMI (height, 

cigarette smoking, alcohol intake, physical activity and pre-existing CHD) are also 

associated with serum lipids and other biological CHD risk factors. The relationship 

between serum insulin and these personal and lifestyle related characteristics was 

therefore further examined in multivariate analysis which included potential biological 

mediating factors, i.e. biological factors shown to be independently associated with
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insulin: serum triglyceride, HDL-cholesterol and total cholesterol, diastolic blood 

pressure, heart rate, haematocrit and FEVl. To illustrate the effects of adjustment and 

for simplification, the difference in log (mean) between the highest and lowest levels of 

these personal and lifestyle related characteristics have been presented, (Table 12). In 

these analyses the associations between serum insulin and body mass index, height, 

physical activity, alcohol consumption and cigarette smoking remained significant. While 

there was some attenuation of the inverse association between insulin and physical 

activity, the positive association with height and the inverse associations with alcohol 

consumption and cigarette smoking were not attenuated on adjustment for other personal, 

lifestyle related and biological predictors of insulin {Table 12). The higher insulin level 

observed in men with pre-existing CHD (definite myocardial infarction) on adjustment 

for age and BMI remained significant on further adjustment for height and for cigarette 

smoking, physical activity and alcohol intake, {Table 12, column A). However this 

association was attenuated and was not significant after adjustment for the biological 

CHD factors {Table 12, column B). The addition of glucose to this multivariate model 

{Table 12, column C) produced slight attenuation of the association between insulin and 

body mass index but did not alter the associations between insulin and other personal and 

lifestyle related variables.

Discussion

In these cross-sectional analyses, CHD risk factors such as BMI, physical inactivity and 

hypertriglyceridaemia, which were predictive of NIDDM in the longitudinal study, were 

associated with hyperinsulinemia at the baseline examination. Raised blood pressure and 

total serum cholesterol levels, which were not independent predictors of NIDDM in the
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longitudinal study, were not linked with higher insulin in the baseline data. The inverse 

associations between serum insulin and both physical activity and HDL-cholesterol and 

the positive associations with triglyceride, heart rate and uric acid are entirely consistent 

with a considerable body of data from previous studies (Fontbonne et al, 1991; 

Hargreaves et al, 1992; Yarnell et al, 1994; Ferrara et al, 1994; Cigolini et al, 1991; 

Mykkanen et al, 1993[b]). The significant inverse association between serum insulin and 

diastolic blood pressure is intriguing and does not support the hypothesis of a fundamental 

role for insulin in the development of essential hypertension (Reaven & Hoffman, 1987). 

It is however consistent with the inverse associations between insulin levels and risk of 

NIDDM reported in several prospective studies (Jarrett et al, 1984; Charles et al, 1991).

The use of non-fasting insulin measurements, adjusted for time of sampling, has 

almost certainly increased the amount of random error or "noise" in the data relative to 

the use of fasting or post-load insulin measurement. It is arguable however that post 

prandial insulin levels, adjusted for time of day, are more relevant physiologically than 

measures of either fasting or post-load insulin. Moreover, the correlations of non-fasting 

insulin with cardiovascular disease risk factors such as BMI, lipids and blood pressure 

described in this study, are very similar to those reported with fasting and post-load 

insulin in other studies, as cited above. For example, the data on inter-relations with 

biological risk factors are virtually identical to those reported from a population-based 

study in eastern Finland which had data on fasting and 2-hour plasma insulin (Mykkanen 

et al, 1993[b]). This suggests that the use of non-fasting insulin has not been associated 

with systematic measurement error.

The strong inverse association between serum insulin and alcohol intake merits 

comment. This is by far the largest study to have addressed this association to date. The
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data suggest that part of the "protective" effect of alcohol on both NIDDM and CHD may 

be mediated via effects of alcohol on insulin sensitivity. The findings are consistent with 

the data from previous smaller studies which have examined associations between fasting 

and post load insulin and alcohol intake (Manolio et al, 1990; Razay et al, 1992; Mayer 

et al, 1993; Facchini et al, 1994). Razay and colleagues (1992) in a cross-sectional study 

of young and middle-aged British women, described a U-shaped relation between fasting 

insulin and alcohol consumption, similar to that described between alcohol and CHD and 

(in the BRHS), alcohol and risk of NIDDM. It is well established that alcohol intake is 

associated with higher levels of HDL-cholesterol, with effects on both of the major sub­

fractions, HDLg and HDL3 (Gaziano et al, 1993), and that insulin and HDL-cholesterol 

are inversely correlated (Zavaroni et al, 1985). In the Kaiser Permanente Women Twins 

Study, alcohol consumption, within the range of light, (2 drinks per month) to moderate 

(1.5 drinks per day) drinking, was inversely related to fasting and post load insulin levels 

(Mayer et al, 1993). This relation however did not explain the association between 

alcohol and HDL-cholesterol and it was argued that effects of alcohol on insulin 

sensitivity might represent an additional, independent mechanism whereby alcohol reduces 

CHD risk. However, given the likely complexity of inter-relations between alcohol, 

insulin and lipids and the unreliability of measures of independence in multivariate 

models, the latter conclusion may be premature.

The findings in this study are at variance with data from Reaven s group and 

others (Facchini et al, 1992; Eliasson et al, 1994), suggesting that smoking causes insulin 

resistance and that chronic smoking is associated with other manifestations of the insulin 

resistance syndrome, including dyslipidaemia and "lipid intolerance", i.e. marked post­

prandial hypertriglyceridaemia (Axelsen et al, 1995). However the data are consistent
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with the lack of an independent effect of smoking on the risk of NIDDM in the British 

Regional Heart Study and with data from several population-based studies in which 

smoking has been associated with lower fasting and post load insulin levels (Yarnell et 

al, 1994; Ferrara et al, 1994; McKeigue & Davey, 1995). As discussed earlier, the data 

from Reaven’s group are based on a small and unrepresentative clinic sample (Facchini 

et al, 1992). Small clinical studies of the acute effects of smoking on insulin sensitivity 

are of uncertain relevance (Attvall et al, 1993), while the data from larger studies of the 

chronic effects of smoking on insulin resistance and on "lipid intolerance" are more 

persuasive (Eliasson et al, 1994; Axelsen et al, 1995). Although smoking is associated 

with a central distribution of body fat (Shinokata et al, 1989) which is a good marker for 

insulin resistance (Barrett-Connor E, 1989), smoking is a strong and consistent predictor 

of low body mass index. With more complete adjustment for generalised obesity, 

including duration, the inverse association between insulin and cigarette smoking might 

have been attenuated, although it is unlikely that the direction of the effect would have 

been reversed. The association between smoking and low BMI is not well understood, 

although it seems clear that smoking reduces the perception of hunger. It is difficult to 

reconcile the observation that smokers are thinner with the notion that smoking caused 

insulin resistance. It may be however, that smoking causes insulin resistance via 

activation of the sympathetic nervous system (Cryer et al, 1976) and release of counter- 

regulatory hormones (Attvall et al, 1993) but that these effects are counteracted by effects 

of smoking (however mediated) on obesity.

In univariate analysis, taller men in this study had higher insulin levels and the 

association was stronger and highly significant in multivariate analysis. Again these 

findings are consistent with the lack of an association between short stature and risk of
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NIDDM in the longitudinal study. By contrast, the association between insulin and 

haematocrit was somewhat weaker (although in the appropriate direction) than one would 

have expected from the strong independent association between haematocrit and risk of 

NIDDM

In summary, CHD risk factors which were associated with increased risk of 

NIDDM in the longitudinal study were associated with higher insulin levels in the 

baseline data. These findings are consistent with the hypothesis that the risk factors which 

NIDDM and CHD share in common, cluster with insulin resistance.
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Table 7- Serum insulin levels (mU/L) by 5-year age groups, by quintile of body mass
index and height and by social class. Values are geometric means (95% Confidence
Interval).

Unadjusted Age and BMI adjusted p (trend) 
for adjusted data

Age group (vears)

40- 11.9 (11.5-12.4) 12.2
45- 12.4 (12.1-12.9) 12.6
50- 12.6 (12.1-13.1) 12.4
55- 12.6 (12.1-13.1) 12.6 0.18

BMI quintiles (Kg/m^)

<22.9
22.9- 
24.6- 
26.0-
27.9-

8.8 (8.4-9.1) 
11.1 (10.6-11.6) 
12.6 (12.1-13.1) 
13.9 (13.3-14.4)
17.8 (17.1-18.5) < 0.0001

Heieht quintile ('em)

<167.7 12.1 (11.6- 12.6) 11.7
167.7- 12.4 (11.9-12.9) 12.4
171.6- 12.3 (11.8-12.8) 12.3
174.9- 12.8 (12.3-13.3) 12.8
178.9- 12.6 (12.1-13.1) 12.8 0.003

Social class
Non-manual 12.6 (12.1-13.1) 12.8
Manual 12.4 (12.1-12.7) 12.2
Armed forces 11.4 (9.9-13.1) 11.4 0.02
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Table 8- Serum insulin levels (mU/L) by smoking status, alcohol intake and physical
activity. Values are geometric means (95% Confidence Interval).

Unadjusted Age and BMI adjusted p (trend) 
for adjusted data

Smoking status (Ciss/dav)

Never 13.2 (12.7-13.7) 12.9
Ex 13.7 (13.2-14.3) 13.2
1-19 11.5 (10.8-12.2) 11.9
20 11.2 (10.6-11.9) 11.7
>_21 10.7 (10.1-11.4) 11.1 < 0.0001

Alcohol intake

None 13.7 (12.7-14.9) 13.7
Occ 13.3 (12.8-13.9) 13.3
Light 12.4 (11.9-12.9) 12.7
Mod 11.8 (11.4-12.3) 11.7
Heavy 11.4 (10.7-12.1) 11.0 < 0.0001

Phvsical activitv

None 13.9 (12.7-14.9) 13.7
Occ 12.9 (12.4-13.5) 12.7
Light 12.1 (11.6-12.6) 12.2
Mod 11.9 (11.5-12.4) 12.1
Mod-Vig 12.2 (11.5-12.9) 12.3
Vig 11.1 (10.4-12.1) 11.5 < 0.0001
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Figure 8- Serum insulin concentration by quintile of body mass index.
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Figure 9- Serum insulin by physical activity level (6 groups), alcohol consumption (5 
groups) and cigarette smoking status (5 groups).
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Table 9- Serum insulin levels (mU/L) by use of antihypertensive therapy and by pre­
existing CHD status. Values are geometric means (95% Confidence Interval).

Unadjusted Age and BMI adjusted p (trend) 
for adjusted data

BP theraov

Using BP therapy 
(N=270) 15.0 (13.6-16.6) 13.5

Not using 
BP therapy 
(N=5280) 12.3 (12.1-12.6) 12.4 0.05

CHD status

No evidence 
of CHD 
(N=4139) 12.1 (11.8-12.3) 12.2

Evidence of 
CHD short of 
definite M.I. 
(N=1098) 13.2 (12.7-13.7) 12.8

Definite M.I. 
(N=313) 14.3 (12.9-15.8) 13.7 0.004
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Table 10- Correlation between coronary heart disease risk factors and non-fasting serum 
insulin.

Correlation coefficient (r) ^Adjusted r

Age 0.03'

Body mass index 0.33"

Glucose 0.41" 0.39"

Systolic BP 0.12" 0.03'

Diastolic BP 0.06" -0.06"

Heart rate 0.19" 0.19"

FEVl sec -0.03' -0.03'

Total cholesterol 0.10" 0.05"

HDL-Cholesterol -0.27" -0.20"

Triglyceride 0.40" 0.34"

Urate 0.16" 0.08"

Haematocrit 0.09" 0.06"

Height 0.02 0.04'

^Adjusted for age and BMI 

p <0.05

"p <0.001
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Table 11- Association between insulin and continuous biological CHD risk factors. 
Values are adjusted standardised regression coefficients.

A B c D

Glucose 0.28 *** 0.25 *** 0.25 *** 0.25 ***

Systolic BP 0.02 0.002 0.002 -0.03 **

Diastolic BP -0.05 *** -0.08 *** -0.08 *** -0.08 ***

Cholesterol 0.04 ** -0.05 *** -0.05 *** -0.04 ***

Triglyceride 0.25 *** 0.23 *** 0.23 *** 0.21 ***

HDL-cholesterol -0.14 *** -0.03 ** -0.03 ** -0.04 ***

Heart rate 0.13 *** 0.12 *** 0.12 *** 0.07 ***

Uric acid 0.06 *** 0.02 * 0.018 0.01

Haematocrit 0.06 *** 0.03 ** 0.03 ** 0.04 ***

FEVi3ec -0.04 *** -0.04 *** -0.03 ** -0.03 **

Test for trend: *** p <  0.0001; ** p<0.01; * p<0.05

A:- Adjusted for pre-existing CHD and personal characteristics viz cigarette smoking, 
physical activity, alcohol intake, body mass index and height.

B:- Adjusted for above and triglyceride.

C:- Adjusted for above and all biological/physiological variables excluding glucose 
and systolic BP.

D:- Adjusted for above and glucose.
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Table 12- Association between insulin and selected personal and life-style related 
characteristics. Values are adjusted mean difference in log insulin.

(A) (B) (C)

BMI (5th quintile vs 1st) -bO.69 *** +0.45 *** +0.42 ***

Smoking (heavy vs never) -0.14 *** -0.24 *** -0.19 ***

Alcohol (Heavy vs None) -0.18 *** -0.19 *** -0.20 ***

Physical activity 
(Vigorous vs none) -0.21 *** -0.12 *** -0.14 ***

Height (5th quintile vs 1st) +0.08 *** + 0.10 *** +0.13 ***

Pre-existing CHD 
(Evidence short 
of M.I. vs none) 0.05 0.04 0.03

(Definate M.I.
vs no evidence of CHD) 0.10 * 0.05 0.06

Test for difference between groups: *** p <  0.0001; ** p<0.01 ; * p<0.05

A:- Adjusted for age and each of the other factors in this Table.

B:- Adjusted for the above and for diastolic BP, total cholesterol, HDL-cholesterol 
and triglyceride concentration,heart rate, haematocrit and FEVisec-

C:- Adjusted for the above and glucose
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CHAPTER 6

SERUM INSULIN AND RISK OF NIDDM 

DURING LONG-TERM FOLLOW-UP
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ABSTRACT

Objectives:- To test the hypothesis that an elevation of serum true insulin levels, 

retlecting insulin resistance, is an early event in the pathogenesis of NIDDM.

Design:- A prospective study.

Subiects and setting:- 5550 non-diabetic men, aged 40-59 years, from 18 of the 24 

BRHS towns, from whom non-fasting serum was saved for measurement of insulin. 

Main outcome measure:- Incidence of physician-diagnosed non-insulin dependent 

diabetes over a mean follow-up period of 12.8 years.

Principal Results:- There were 138 cases of NIDDM among the group of 5550 men 

during follow-up. Mean serum insulin at baseline (geometric mean and 95% range) 

was significantly higher in men who subsequently developed NIDDM than in the rest 

of the cohort, 19.9 mU/L (4.5 to 88.8) versus 12.2 mU/L (3.8 to 40.1), p <0.0001. 

A J-shaped association between serum insulin concentration and the subsequent risk of 

NIDDM was observed with a steady (approximately 6-fold) increase in the risk of 

NIDDM from the 2nd to the 5th quintile of the insulin distribution but a non- 

significantly higher risk in the first than in the second quintile. Among men in the 

lowest BMI tertile, (BMI < 24 kg/m") and in the fifth quintile of the non-fasting 

glucose distribution (>6.1  mmol/L), the risk of NIDDM (adjusted for age and BMI) 

was higher in the first insulin quintile than in the other quintiles.

Conclusion: These findings are consistent with the hypothesis that the majority of 

cases of adult onset NIDDM in this population are characterised by the early 

development of insulin resistance with compensatory hyperinsulinaemia and later 

pancreatic failure as a preclinical event. Pancreatic hyposecretion of insulin may be a 

better predictor of NIDDM in men who are relatively thin.
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Introduction

In this chapter the question o f whether circulating insulin levels are higher in persons 

destined to develop NIDDM during long term follow-up is addressed. As discussed in 

Chapter 2, Temple and colleagues have shown that in established NIDDM true insulin 

levels are decreased and that much of the insulin as measured with immuno-assays is in 

fact pro-insulin and other insulin precursors (Temple et al, 1989). In two prospective 

studies, involving Japanese-Americans (Kahn et al, 1994) and elderly Finns (Mykkânen 

et al, 1994[a]), pro-insulin emerged as a stronger predictor of subsequent diabetes than 

insulin during follow-up which extended for five and four years respectively. Though 

these findings may be regarded as a challenge to the concept of insulin resistance with 

compensatory hyperinsulinaemia as an early abnormality in the pathogenesis of NIDDM, 

it is clear that prospective data on serum insulin and risk of NIDDM from studies with 

longer follow-up are required. In no previous study has it been possible to measure 

insulin levels with a specific assay over a decade before the onset of clinically manifest 

disease.

The objective of this study was to examine the relation between serum insulin 

levels at screening and the risk of NIDDM during 12.8 years follow-up. The primary 

focus was on the pathogenesis of NIDDM, on the question of whether true insulin levels 

(in univariate analysis) were higher or lower in men who developed this condition during 

follow-up. Adjustment for potential confounding and mediating factors has also been 

undertaken, i.e. factors which were predictors of serum insulin in the cross-sectional 

analyses and of NIDDM in the prospective study. Clearly the issue of the independence 

of insulin as a risk factor for NIDDM in multivariate analysis is of questionable 

significance given that insulin resistance with compensatory hyperinsulinaemia are likely
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to be mediating factors in the causal pathway between factors such as obesity and 

physical inactivity and the risk of NIDDM. However, examination of the "independent" 

effects of insulin on risk of NIDDM after adjustment for the lifestyle and biological 

predictors of both NIDDM and serum insulin identified in Chapter 4 and Chapter 5 will 

provide an indication of the relative importance of these factors as predictors of NIDDM. 

The effect of adjustment for BMI and serum triglyceride level on the insulin-NIDDM 

association is of particular interest.

To assess possible heterogeneity in the aetiology of NIDDM in this population 

between obese and non-obese men, the insulin-NIDDM association has also been 

examined in each tertile of body mass index.

Subiects and methods of data collection

With exclusion of 111 known and probable diabetic men (as in the previous chapter), 

serum insulin data were available from 5550 men who were at risk of developing 

NIDDM during 12.8 years of follow-up. Details of the measurement of insulin, the 

ascertainment of cases of NIDDM and of the measurement of body mass index and other 

potential confounders or mediating factors (age, alcohol intake, physical activity, pre­

existing CHD, blood pressure, uric acid, HDL-cholesterol and triglyceride 

concentration, heart rate, haematocrit and FEV,,eg have been set out in Chapter 3.

Statistical analysis

Cox’s proportional hazards models were used to assess the independent contribution of 

serum insulin concentration at baseline to the subsequent risk of NIDDM and to estimate 

the relative risk of NIDDM in each quintile of insulin relative to the first quintile.
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adjusted for other risk factors. Age, body mass index, systolic BP, heart rate, uric acid, 

HDL cholesterol and triglyceride concentration were fitted as continuous 

variables in the proportional hazards model. Haematocrit was fitted as four dummy 

variables for five haematocrit groups, based on absolute levels of hematocrit (as detailed 

in Chapter 4): <42.0% , 42.0-43.9%, 44.0-45.9% , 46.0-47.9% and ^  48.0%. 

Physical activity was fitted as 5 dummy variables (6 categories: none, occasional, light, 

moderate, moderately vigorous, vigorous) and alcohol as 4 variables (5 categories: none, 

occasional, light, moderate, heavy). Pre-existing coronary heart disease was fitted as a 

dichotomous (yes/no) variable. The data on serum insulin and triglyceride concentrations 

were log transformed and adjusted for time of sampling as described in Chapter 5.

To illustrate the separate effects of allowing for key life-style related and 

biological variables, the insulin- NIDDM relation was adjusted for potential confounding 

factors in three cumulative stages, i) age and BMI, ii) pre-existing coronary heart disease, 

physical activity, alcohol consumption, heart rate, forced expiratory volume, systolic 

blood pressure, uric acid, haematocrit and HDL-cholesterol level and iii) triglyceride 

level {Table 14). Possible interactions between insulin and body mass index and insulin 

and glucose in the development of NIDDM were explored in stratified analyses and by 

fitting interaction terms in Cox’s proportional hazards models {Tables 15-17).

Results

At 12.8 years of follow-up there were 138 cases of NIDDM among the group of 5550 

non-diabetic men with serum insulin data. Mean serum insulin at baseline (geometric 

mean and 95% range) was significantly higher in men who subsequently developed 

NIDDM than in the rest of the cohort, 19.9 mU/L (4.5 to 88.8) versus 12.2 mU/L (3.8
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to 40.1), p <0.0001. Table 13 shows the incidence of doctor diagnosed NIDDM per 

1000 men/year (unadjusted) by quintile of serum insulin and Figure 10 shows the relative 

risk of NIDDM with 95% confidence intervals in each quintile of the serum insulin 

distribution relative to the first adjusted for age and separately for age and body mass 

index. The data were consistent with a J-shaped association between serum insulin 

concentration and the subsequent risk of NIDDM (see also Table 14). There was a steady 

increase in the risk of NIDDM from the 2nd to the 5th quintile of the insulin distribution 

but a non-significantly higher risk in the first than in the second quintile. The age 

adjusted association between insulin and risk of diabetes was substantially attenuated on 

adjustment for body mass index, (Figure 9), though it remained significant, {Table 14). 

Adjustment for additional potential confounders and mediating factors (including 

triglyceride which is shown separately lead to further attenuation of the association 

between non-fasting insulin and the subsequent risk of NIDDM, {Table 14). However in 

the full multivariate analysis there remained a significant independent association between 

insulin levels and risk of NIDDM with a fourfold increased risk in the fifth relative to 

the second quintile and a significant linear trend between the second and fifth quintiles, 

{Table 14). There was no evidence of a sharp increase in risk of NIDDM in the upper 

decile of the insulin distribution. On adjustment for age and body mass index the relative 

risk of NIDDM in the 10th decile of the serum insulin distribution relative to the first 

quintile was 3.1 (95% C.I. 1.6 to 6.0), similar to the risk in the fifth relative to the first 

quintile, 2.9 (95% C.I. 1.6 to 5.5).

Table 15 shows the age-adjusted risk of NIDDM in each quintile of insulin 

relative to the first by tertile of body mass index. A similar J-shaped relation between 

serum insulin concentration and risk of NIDDM was seen among men in the third BMI
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tertile (BMI>26.6 kg/m-). No clear pattern was discerned in the second BMI tertile. 

Among the group of 1862 men in the lowest BMI tertile, (BMI <  24 kg/m^) there were 

only 17 cases of NIDDM. In this group of men the risk of NIDDM was higher in the 

first insulin quintile (serum insulin < 6.6 lU/L) than in each of the other quintiles 

including the fifth quintile (serum insulin >  23.7 lU/L). However on formal testing for 

interaction no significant difference in the insulin-NIDDM association across the BMI 

tertiles was detected, (p=0.3).

The insulin-NIDDM association was further examined in two strata of non-fasting 

glucose, < 6 .1 mmol/L and 6 .1 to 11.09 mmol/L. Table 16 shows the age adjusted data 

and Table 17 the age and body mass index adjusted data. A J-shaped relation was seen 

in the lower glucose stratum, in both the age adjusted and the age and BMI adjusted data, 

whereas in the upper glucose stratum the risk of NIDDM was higher in the first insulin 

quintile (serum insulin < 6.6 lU/L) than in the other quintiles . Tests for interaction 

were non-significant.

On exclusion of cases diagnosed within the first five years of follow-up from the 

analysis, the J-shaped association between insulin and risk of NIDDM was unchanged. 

The association between insulin/glucose ratio and risk of NIDDM was similar to that 

between insulin and NIDDM with a lower risk (RR=0.7) in the second than in the first 

quintile of insulin-glucose ratio but with a steady increase in relative risk from the second 

to the fifth quintile relative to the first (RR’s 0.7, 1.6, 1.8, 2.1).

Discussion

In this study we found that men destined to develop NIDDM had higher true insulin 

levels than the rest of the cohort more than a decade before the onset of clinically



158

manifest disease. We observed a J-shaped association between serum insulin levels and 

risk of NIDDM with a linear increase in risk from the 2nd to the 5th quintile of the 

insulin distribution but with a higher (though non-significant) risk in the first than in the 

second quintile. The association between insulin and NIDDM was substantially attenuated 

after adjustment for body mass index, reflecting the importance of obesity as a predictor 

of current insulin levels and future risk of NIDDM. By contrast the effect of adding 

serum triglyceride to the multivariate model was relatively modest, although one needs 

to remember the relatively low precision with which the latter variable was measured. 

Among men in the fifth glucose quintile, who were at particularly high risk of developing 

NIDDM, the risk was highest (non-significantly) among those with low serum insulin 

levels < 6.6 lU/L. These findings are consistent with the hypothesis that NIDDM is 

preceded by a prolonged period of true hyperinsulinaemia (reflecting insulin resistance), 

leading to pancreatic failure and hyposecretion of insulin at a late stage in the 

pathogenesis of this condition. One might have anticipated that the J-shaped association 

between insulin and risk of NIDDM would have been no longer evident on exclusion of 

men diagnosed within the first five years of follow-up. However, given the prolonged 

period of insulin resistance which antedates NIDDM, possibly extending from childhood 

(McCance et al, 1994[c]), one would require a longer period of follow-up to adequately 

address this issue.

This finding of true hyperinsulinaemia over a decade before the diagnosis of 

NIDDM is consistent with data from a number of other studies. Haffner and colleagues 

have shown true hyperinsulinaemia and a normal insulin: pro-insulin ratio in Mexican 

Americans (Haffner et al, 1994 [a]), a high risk population for NIDDM in which 

hyperinsulinaemia on standard radioimmunoassay is well documented (Haffner et al.
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1986). This group have also reported elevated true insulin levels in subjects with impaired 

glucose tolerance (Haffner et al, 1994 [b]).

As has been pointed out, the finding that true hyperinsulinaemia rather than 

hyperproinsulinaemia antedates NIDDM has implications for wider issue of inter-relation 

between cardiovascular disease and NIDDM (Stern, 1995). In particular this finding is 

relevant to the hypothesis that insulin has direct atherogenic effects (Stout, 1990), i.e. that 

elevated circulating insulin levels should be included with the common causal factors 

(clustering with insulin resistance) which link NIDDM and coronary heart disease. This 

argument is based substantially on animal work and in vitro studies of the effects of 

insulin on the development of atheroma (Stout, 1990). However proinsulin lacks 

biological activity (relative to insulin) and it would be difficult to sustain the argument 

that it exerts direct atherogenic effects, thereby contributing to the "common soil" (Stern, 

1995) linking NIDDM and coronary heart disease. This question, of the relation between 

circulating true insulin levels and coronary heart disease is addressed directly in Chapter 

8 .

There was a suggestion in these data that pancreatic hyposecretion of insulin is a 

better predictor of NIDDM in non-obese men (first BMI tertile). This is consistent with 

the suggestion that NIDDM in the non-obese may represent an aetiologically distinct 

condition (Alberti, 1993). However, interpretation of the data from this sub-group of men 

must be guarded, given the small number of cases and the fact that differences between 

the BMI strata were not significant on formal testing for interaction.

In conclusion we have found a J-shaped relation between circulating true insulin 

levels (non-fasting) and risk of NIDDM. This is consistent with the hypothesis that the 

majority of cases of adult onset NIDDM in this population are characterised by the early
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development of insulin resistance with compensatory hyperinsulinaemia and later 

pancreatic failure as a preclinical event. As discussed in Chapter 2, arguments about the 

relative importance of insulin resistance and pancreatic failure as causal factors in 

NIDDM are of limited relevance. That both abnormalities contribute to the development 

of NIDDM, interacting at multiple levels, is not disputed. However, if insulin resistance 

is an early event in the pathogenesis of NIDDM extending over many years or decades 

before the onset of pancreatic decompensation, as the current data suggest, then lifestyle 

and environmental factors which reduce insulin resistance will help to prevent NIDDM. 

In Chapter 4  it has been shown that absence of obesity, higher levels of physical activity 

and moderate alcohol intake are associated with decreased risk of NIDDM and in Chapter 

5, these factors were shown to be associated with lower insulin levels.
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Table 13- Incidence of doctor diagnosed non-insulin dependent diabetes per 1000 person 
years of follow-up by quintile of serum insulin (non-fasting).

Insulin No of men Events (n) Rate/1 (XX) person years

< 6.6 lU/L 1113 (13) 1.00

6.6 - lU/L 1118 (8) 0.60

9.6 - lU/L 1108 (26) 2.01

14.3 - lU/L 1111 (29) 2.25

23.7 lU/L 1100 (62) 4.95
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Figure 10- Relative risk of non-insulin dependent diabetes (log scale) adjusted for age and
BMI with 95% confidence intervals, by quintile of baseline non-fasting serum insulin.
The () shows each relation adjusted for age alone.
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Table 14- Relative risk (95 % confidence intervals) of incident cases of doctor diagnosed 
NIDDM by quintile of serum insulin (non-fasting).

Insulin

lU/L

A B C

< 6.6 1.0 1.0 1.0

6 .6- 0.5 (0.2-1.3) 0.6 (0 .2-1.4) 0.5 (0.2-1.4)

9.6- 1.5 (0.8-2.9) 1.6 (0.8-3.4) 1.4 (0.7-2.9)

14.3- 1.6 (0.8-3.1) 1.6 (0.8-3.2) 1.3 (0.6-2.7)

23.7- 2.9 (1.6-5.5) 2.5 (1.3-5.1) 2.2 (1.1-4.0)

Trend p = 0.0001 p = 0.0001 p =0.0006

Adjustments

A = Adjusted for age and BMI (N=5549; 138 cases).

B = Adjusted for the factors in A plus physical activity, alcohol consumption, systolic 
blood pressure, heart rate, uric acid FEVi^ec, haematocrit, HDL-cholesterol and pre­
existing coronary heart disease (N=5036; 127 cases).

C =  Adjusted for the factors above plus triglyceride level (N=4942; 121 cases).
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Table 15- Age adjusted relative risk (95% confidence intervals) of incident cases of 
doctor diagnosed NIDDM by quintile of serum insulin in three BMI strata (tertiles).

Insulin

lU/L

BMI I BMI II BMI III

< 6.6 1.0 1.0 1.0

6 .6- 0.39 (0.1-2.0) 1.3 (0.3-5.5) 0.2 (0 .02-2 . 1)

9.6- 0.75 (0.2-3.0) 3.5 (1.0-12.4) 1.7 (0.5-5.9)

14.3- 0.78 (0.2-3.1) 1.2 (0.3-5.1) 3.2 (0.9-10.6)

23.7- 0.81(1.2-3.9) 3.8 (1.1-13.5) 5.6 (1.8-18.1)

Trend p=N S p=O.NS p = 0.001

BMI I (<24.05 kg/m-; N =  1862; 17 cases). 

BMI II (24.06- kg/m^; N = 1836; 36 cases). 

BMI III (26.6- kg/m-; N = I851; 85 cases).
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Table 16- Relative risk (95% confidence intervals) of incident cases of doctor diagnosed 
NIDDM by quintile of serum insulin in two glucose strata. The data are adjusted for age.

Insulin
lU/L

Glucose 1 Glucose 11

< 6.6 1.0 1.0

6 .6- 0.7 (0.3-1.9) 0.2 (0.02-1.7)

9.6- 2.3 (1.1-4.9) 0.6 (0.1-2.3)

14.3- 2.1 (0.9-4.5) 0.7 (0.2-2.4)

23.7- 3.1 (1.4-6.9) 1.3 (0.4-4.2)

Trend p =0.0005 p = 0.01

Glucose I = First to the fourth glucose quintiles combined (< 6 .1  mmol/L; N=4411; 
70 cases).

Glucose II = Upper glucose quintile (6.1 to 11.09 mmol/L; N =  1125; 68 cases).
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Table 17- Relative risk (95% confidence intervals) of incident cases of doctor diagnosed 
NIDDM by quintile of serum insulin in two glucose strata. The data are adjusted for age 
and BMI.

Insulin
lU/L

Glucose I Glucose 11

< 6.6 1.0 1.0

6 .6- 0.6 (0 .2-1.6) 0.2 (0.02-1.5)

9.6- 1.8 (0.8-3.8) 0.4 (0.1-1.8)

14.3- 1.5 (0.7-3.3) 0.5 (0.1-1.8)

23.7- 1.9 (0.8-1.4) 0.8 (0.2-2.4)

Trend p=0.09 p=0.5

Glucose I =  First to the fourth glucose quintiles combined (< 6 .1  mmol/L; N=4410; 
70 cases).

Glucose II = Upper glucose quintile (6.1 to 11.09 mmol/L; N=1125; 68 cases).
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CHAPTER 7

ASYMPTOMATIC HYPERGLYCAEMIA AND THE INCIDENCE

OF MAJOR CHD EVENTS



168

ABSTRACT

Objective:- To test the hypothesis that asymptomatic hyperglycaemia is an 

independent risk factor for major coronary heart disease events (fatal and non-fatal 

myocardial infarction).

Design:- A prospective study.

Subjects:- A population based sample of 7735 British middle-aged men. With 

exclusion of men with diabetes (n=158) and missing glucose values (n=49), there 

were 7528 men available for analysis.

Main outcome measures:- The association between serum glucose level at baseline 

and incident major CHD events during 11.5 years follow-up.

Results:- There were 704 major CHD events. A weak non-linear relation between 

glucose level and the risk of major CHD events was observed, with the excess risk in 

the upper quintile of the glucose distribution (>  6.1 mmol/L). The age adjusted 

relative risk in the upper glucose quintile compared with the 1st to the 4th quintiles 

combined was 1.2 (95% C.I. 1.0 to 1.4). Adjustment for age, body mass index, 

cigarette smoking, alcohol intake, occupational status, physical activity, use of anti­

hypertensive therapy and pre-existing CHD did not attenuate this association, RR 1.2 

(95% C.I. 1.0 to 1.4), but on further adjustment for systolic blood pressure, heart 

rate, FEV,,gc and HDL-cholesterol it was non-significant, RR 1.15 (95% C.I. 0.96 to 

1.4). The association between glucose and major CHD events was not appreciably 

different at 5 years of follow-up and similar associations were observed in men with 

and without evidence of pre-existing CHD at baseline.

Couclusjou:- The findings do not suggest a strong independent effect of elevated 

glucose levels in the development of coronary heart disease. The findings are 

consistent with the hypothesis that hyperglycaemia is a marker for derangements of 

carbohydrate and lipid metabolism centred on insulin resistance and hyperinsulinaemia 

which link NIDDM and coronary heart disease.
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Introduction

In this chapter data are presented on the relation between both established NIDDM and 

asymptomatic hyperglycaemia at baseline and subsequent major CHD events (fatal and 

non-fatal myocardial infarction). There were relatively few cases of established NIDDM 

at baseline and the association between established NIDDM and risk of CHD events is 

well established (Kannel & McGee, 1979[a]; Fuller et al, 1983; Manson et al, 1991[b]). 

Hence, the primary focus of these analyses was on the association between serum glucose 

level (non-fasting) and CHD events at 11.5 years follow-up. In subsidiary analyses 

associations between non-fasting glucose and subsequent CHD events have also been 

examined in early (5-year) follow-up.

Asymptomatic hyperglycaemia and risk of CHD events

By contrast with the data on established NIDDM, data on the nature and form of the 

association between asymptomatic hyperglycaemia and CHD are inconsistent, with 

negative findings (Stamler & Stamler, 1979), threshold effects (Fuller et al, 1983; Fuller 

& Shipley, 1989; Eschwege et al, 1980) and positive linear associations (Barrett-Connor 

et al, 1984; Donahue et al, 1987) reported. Many previous studies have lacked power to 

study the blood glucose-CHD relation. The majority of studies have had less than 200 

CHD events, a relatively small number given the low reliability with which glucose is 

measured (Ganda et a i  1978; Yudkin et al, 1990). Relatively few studies have adequately 

adjusted for the range of possible confounding factors. In particular, most studies have 

lacked data on HDL-cholesterol concentration, a potential confounding factor of 

fundamental importance in studies of the association between measures of glucose 

tolerance and coronary heart disease (Fuller & Shipley, 1989). In this study of the
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relation between asymptomatic hyperglycaemia and risk of CHD events there were over 

700 major CHD events and we have adjusted for all major coronary risk factors including 

HDL-cholesterol, triglycerides and physical activity,

Subiects and methods of data collection

There were 158 men with prevalent NIDDM (as defined in Chapter 3) at baseline. Of 

these, 121 reported a diagnosis of diabetes at the baseline questionnaire, 23 men had a 

non-fasting glucose in the diabetic range (>  11,1 mmol/L) and 14 men had a date of 

NIDDM diagnosis in the same calender year as the year of screening. Of the 121 men 

who reported a diagnosis of diabetes 36 men were taking insulin. These men have been 

excluded from this analysis as definite or probable cases of insulin dependent diabetes 

(IDDM)^. Hence there were 122 men with prevalent NIDDM available for follow-up for 

major CHD events.

With exclusion of all 158 diabetic men and an additional 49 men with missing 

glucose data, the association between serum glucose and major CHD events over 11,5 

years of follow-up was examined in 7528 of the 7735 men.

Details of the measurement of glucose and of the ascertainment of prevalent cases 

of NIDDM and of incident cases of major CHD events have been set out in Chapter 3. 

Details of the measurement of relevent covariates have also been set out in Chapter 3 

(age, body mass index, occupational status, cigarette smoking, alcohol intake, physical 

activity, pre-existing CHD, use of anti-hypertensive therapy, blood pressure, total 

cholesterol. HDL-cholesterol and triglyceride concentration, heart rate, haematocrit and

The data did not permit reliable identification of cases of NIDDM for whom insulin had 
been prescribed.
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F E V i s e c  )•

Statistical analysis

Cox’s proportional hazards models were used to assess the independent contributions of 

prevalent NIDDM and serum glucose concentration at baseline to the risk of major CHD 

events at 11.5 years of follow-up (and in separate analyses at 5 years follow-up). The risk 

of major CHD events was examined in men with prevalent NIDDM at baseline relative 

to non-diabetic men and by quintile of serum glucose. Age, body mass index, systolic 

blood pressure, heart rate, Fev,sec HDL-cholesterol were fitted as continuous variables 

in the proportional hazards model. Occupational status was fitted as 6 dummy variables 

(7 categories: 6 Registrar General groups and Armed Forces), physical activity as 5 

variables (6 categories), alcohol as 4 variables (5 categories) and smoking as 4 dummy 

variables (5 categories). Pre-existing coronary heart disease and use of anti-hypertensive 

therapy were fitted as dichotomous (yes/no) variables. As glucose and triglyceride 

concentrations were not normally distributed, log transformed data were used. The data 

on serum triglyceride concentrations were adjusted for time of sampling as described in 

Chapter 5.

To illustrate the separate effects of allowing for key biological and life-style 

variables, the NIDDM-CHD and the glucose-CHD relations were adjusted for potential 

confounding factors in cumulative stages, (Tables 18, 21 and 23). Serum triglyceride 

level was negatively correlated with HDL-cholesterol (r=-0.46) and was not an 

independent predictor of CHD events in this study. Therefore triglyceride was not entered 

with HDL-cholesterol in Cox’s proportional hazards models.
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Results

Of the group of 122 men with NIDDM at baseline, 28 men experienced a major CHD 

event during 11.5 years of follow-up, an incidence rate of 23.4 per 1000 person-years 

of follow-up as compared with a rate of 8.8 per 1000 person years in men without 

diabetes. Table 18 shows the association between established NIDDM at baseline and 

major CHD events during 11.5 years of follow-up with the effect of cumulative 

adjustment for established CHD risk factors. There remained an almost 2-fold increased 

risk of CHD events in the fully adjusted model.

A non-linear relation between glucose level and the risk of major CHD events 

was observed with an increased risk at or above a serum glucose level of 6.1 mmol/L, 

the 80th centile. Table 19. The age adjusted relative risk for major CHD events in the 

upper glucose quintile relative to the 1st to the 4th quintiles combined was 1.2 (95% C.I.

1.0 to 1.4).

The distribution of major coronary risk factors was examined in the upper quintile 

of the glucose distribution relative to the other four quintiles Table 20. Men in the upper 

quintile were older and significantly more obese. A significantly higher proportion of 

men in the upper quintile were engaged in manual occupations. There were significantly 

fewer smokers in the upper glucose quintile, systolic blood pressure and triglyceride level 

were significantly higher and HDL-cholesterol significantly lower. Total cholesterol and 

haematocrit levels were similar in the two groups. FEVi^ec was significantly lower in the 

upper glucose quintile. Similar proportions of men in the two groups were physically 

active, moderate drinkers and using anti-hypertensive therapy. The prevalence of pre­

existing CHD at the initial examination was significantly higher in the upper glucose 

quintile. Differences in the distribution of blood pressure and serum lipids and in the
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prevalence of CHD between the upper and four lower serum glucose quintiles remained 

significant following adjustment for age, occupational status and body mass index (BMI).

Adjustment for age, body mass index, cigarette smoking, alcohol intake, 

occupational status, physical activity, use of anti-hypertensive therapy and pre-existing 

CHD did not attenuate the increased risk of CHD events in the upper quintile of the 

glucose distribution. Table 21. However on further adjustment for systolic blood 

pressure, heart rate, and HDL-cholesterol, this weak association of borderline

significance was non-significant, {Table 21).

A similar non-linear association between glucose and major CHD events was 

observed at 5 years of follow-up, (Table 22) and (Table 23). In a further analysis the data 

were stratified by pre-existing CHD at baseline. Similar associations between glucose and 

major CHD events were seen at 5 and 11.5 years in men with and without evidence of 

pre-existing CHD.

We detected no evidence of a further increase in risk of CHD at the 90th or 95th 

glucose centiles. The glucose- CHD association was unchanged on exclusion of the 194 

men, known to have developed non-insulin-dependent diabetes during an average follow- 

up period of 12.8 years to December 1991. In this latter analysis, the age adjusted 

relative risk for major CHD events in the upper glucose quintile relative to the rest was 

1.2 (95% C.I. 1.0 to 1.4) at 11.5 years and 1.3 (95% C.I. 1.0 to 1.7) at 5 years of 

follow-up.
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Discussion

In this study men with established NIDDM at baseline were, as expected, at substantially 

increased risk of major CHD events during follow-up. This association was attenuated 

on adjustment for other CHD risk factors which cluster with NIDDM, although there 

remained an almost 2-fold increased risk in full multivariate analysis. By contrast, a weak 

non-linear relationship was observed between serum glucose concentration (non-fasting) 

and the risk of major CHD events in this population-based sample of middle-aged British 

men. There was a relatively small increase in risk among men in the upper decile of the 

distribution which was of borderline significance in the age adjusted analysis and was 

non-significant after adjustment for established CHD risk factors.

These data do not support the hypothesis that hyperglycaemia is an important 

independent predictor of CHD via direct atherogenic mechanisms such as glycosylation 

of lipoproteins. It may be argued however, that despite the relatively large number of 

events (over 700), this study lacked power to detect a significant, linear, independent 

relation between glucose and CHD given the low reliability of non-fasting glucose as a 

measure of glycémie status. Caution in declaring independence (or lack of independence) 

in observational studies is undoubtedly warrented where effects of highly inter-correlated 

variables, measured with uncertain reliability are assessed in multivariate analysis. It is 

noteworthy that in an earlier report based on 505 events at 9.5 years follow-up of this 

cohort a similar increased risk of CHD events was observed in the upper decile of the 

glucose distribution which, in multivariate analysis at that duration of follow-up, attained 

statistical significance at the conventional 5% level, RR 1.30 (95% C.I. 1.04 to 1.6) 

(Perry et aL 1994). Hence the inconsistency in the literature on asymptomatic 

hyperglycaemia and CHD, as reviewed in Chapter 2, is mirrored in the British Regional
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Heart Study data.

This inconsistency in the data on glucose and CHD almost certainly reflects the 

limited precision and reliability of any single measure of blood glucose (whether fasting, 

post load or non-fasting) as an index of glucose tolerance. In essence we need a measure 

of glucose tolerance in which the random within subject error is small relative to the 

difference in glucose tolerance which we hypothesise exists between subjects, i.e. men 

who do and do not present with major CHD events during the particular period of follow- 

up. If there is an association between glucose tolerance and CHD, it is likely that 

differences in glucose tolerance between cases and the rest of the cohort will be greater 

for cases which develop in early follow-up than in later follow-up, though relative risks 

will probably be less than 2 given the approximately 2-fold increased risk of CHD 

observed in men with established NIDDM. However studies lack power in early follow- 

up due to the small number of events, whereas in later follow-up, as the number of 

events increases, the reliability of a single measure of non-fasting glucose (with regard 

to the specific between subject differences which we are trying to detect)^ decreases. 

From this it follows that for variables such as glucose, which are measured with low 

reliability, there is likely to be an optimum point of follow-up in terms of study power, 

a cross over point between the declining reliability of the exposure measurement and the 

increasing number of disease end-points. Hence one would expect inconsistent findings 

in studies of variable power which have attempted to estimate an effect which hovers 

at the border of epidemiological visibility.

We need to consider the possibility that the increased risk of CHD observed in the

As noted previously, reliability is study specific.
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upper glucose quintile (in this and previous studies) simply reflects the inclusion of 

undiagnosed diabetics, in whom an increased risk of heart disease would be expected. 

This is unlikely, given that we excluded men with glucose > 11.1 mmol/L at screening 

from the study and that the findings were unaltered in an analysis in which we also 

excluded men developing non-insulin-dependent diabetes during the subsequent 12.8 years 

of follow-up. Undoubtedly our group of "non-diabetics" includes a number of 

undiagnosed diabetics. However I would argue that among a group of men with random 

glucose < 11.1 mmol/L, none of whom were subsequently diagnosed as diabetic over 

12.8 years of follow-up, the number of undiagnosed diabetics will be small and unlikely 

to alter the findings from a study of this size. The stability of the relative risk estimates 

following exclusion of the 194 men who developed NIDDM during the period of follow- 

up, supports this argument. Moreover, if the small excess of CHD events (observed at 

the 80*̂  centile, a serum glucose level > 6.1 mmol/L) was simply due to 

misclassification of undiagnosed diabetics, one would expect to find evidence of a further 

increase in risk at higher glucose levels, such as at the 90th or 95th centiles where the 

risk of subsequent NIDDM (and presumably the prevalence of undiagnosed NIDDM) 

rises sharply. No evidence of a further increase in risk at these higher glucose levels was 

found.

Although it is unlikely that undiagnosed cases of NIDDM explain the association 

between glucose and CHD, it may be that this association depends largely on "latent" 

cases of NIDDM. It is clear from the data presented in Chapter 4  that a high proportion 

of men in the upper quintile of the glucose distribution will eventually develop NIDDM. 

Hence it may be that hyperglycaemia is simply a marker for more fundamental 

abnormalities in carbohydrate and lipid metabolism, centered on insulin resistance with
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hyperinsulinaemia which link NIDDM and CHD (Reaven, 1988). Thus in the Paris 

Prospective Study data, glucose was not an independent predictor of CHD following 

adjustment for plasma insulin (Fontbonne & Eschwege, 1991). This issue will be 

addressed in the next chapter, Chapter 8.
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Table 18- Relative risk of major CHD events in men with prevalent NIDDM at baseline 
(N = 122) relative to non-diabetic men.

Adjusted for N (Cases) CHD events 
RR (95% C.I.) P

Age 7699 (738) 2.36 (1.6-3.4) <0.0001

Age, smoking, 
alcohol intake, 
occupational status, 
physical activity, 
and body mass index. 7563 (725) 2.02 (1.4-3.0) <0.0001

Use of anti­
hypertensive therapy, 
pre-existing CHD 7563 (725) 1.75 (1.2-2.6) 0.004

Above +  systolic 
BP, heart rate, 
haematocrit, 
total cholesterol, 
and HDL-cholesterol. 6794 (647) 1.80 (1.2-2.7) 0.003
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Table 19- Rate of CHD events (unadjusted) during 11.5 years of follow-up per 1000
person years of follow-up by quintile of serum glucose (non-fasting).

Glucose No of men Events (n) Rate

< 4 . 8  mmol/L 1473 (133) 8.49

4.9 - mmol/L 1770 (163) 8.56

5.3 - mmol/L 1276 (112) 8.16

5.6 - mmol/L 1497 (129) 8.04

> 6.1 mmol/L 1512 (167) 10.50
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Table 20- Distribution of cardiovascular risk factor, mean (sd) or %, in the 1st to the 4th 
glucose quintiles combined compared with the 5th glucose quintile.

Glucose < 6 . 1  mmol/L Glucose > 6 . 1  mmol/L

Number of men 6016 1512

Age" 50.1 (5.8) 50.7(5.8)

Body mass index" 25.4 (3.1) 25.9 (3.3)

Current smokers (%)" 42.1 37.4

Manual occupation (%)" 57.8 63.5

Active (%) 37.4 37.7

Moderate drinkers (%) 26.3 27.5

Systolic BP (mmHg)" 143.6 (20.4) 151.0 (21.9)

Diastolic BP (mmHg)* 82.1 (13.0) 83.0 (14.0)

Heart rate** 69.5 (12.2) 75.1 (13.9)

Cholesterol (mmol/L) 6.30 (1.04) 6.30 (1.05)

HDL-cholesterol (mmol/L)** 1.15 (0.26) 1.13 (0.27)

triglyceride (mmol/L)** 1.67 1.93

Haematocrit 44.48 (0.04) 44.47 (0.08)

FEV ,_(D* 3.33 (0.68) 3.29 (0.68)

BP therapy 4.6 5.5

Evidence of CHD (%)* 23.9 27.1

^Geometric mean *p <  0.05, **p < 0.001.
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Table 21- Relative risk of major CHD events at 11.5 years of follow-up in the upper
quintile of serum glucose compared with the 1st to 4th quintiles combined.

Adjusted N (Cases) CHD events 
RR (95% C.I.) P

Age 7528 (704) 1.19 (1.0-1.4) 0.04

Age, smoking, 
alcohol intake, 
occupational status, 
physical activity, 
and body mass index. 7408 (692) 1.21 (1.0-1.4) 0.03

Use of anti­
hypertensive therapy, 
pre-existing CHD 7408 (692) 1.21 (1.0-1.4) 0.03

Above 4- systolic 
BP, heart rate,
FEVisec,total cholesterol, 
and HDL cholesterol. 7020 (648) 1.15 (0.96-1.4) 0.2
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Table 22- Rate of CHD events (unadjusted) during 5 years of follow-up per 1000 person
years of follow-up by quintile of serum glucose (non-fasting).

Glucose No of men Events (n) Rate

< 4 . 8  mmol/L 1473 (57) 7.96

4.9 - mmol/L 1770 (58) 6.72

5.3 - mmol/L 1276 (40) 6.41

5.6 - mmol/L 1497 (57) 7.81

> 6 . 1  mmol/L 1512 (74) 10.12
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Table 23- Relative risk of major CHD events at 5 years of follow-up in the upper quintile 
of serum glucose compared with the 1st to 4th quintiles combined.

Adjusted N (Cases) CHD events 
RR (95% C.I.) P

Age 7528 (286) 1.32 (1.01-1.7) 0.03

Age, smoking, 
alcohol intake, 
occupational status, 
physical activity, 
and body mass index. 7408 (281) 1.32 (1.01-1.7) 0.04

Use of anti­
hypertensive therapy, 
pre-existing CHD 7408 (281) 1.31 (1.02-1.7) 0.04

Above 4- systolic 
BP, heart rate, 
FEVi3,„ and 
HDL-cholesterol. 7020 (263) 1.24 (0.95-1.6) 0.1
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CHAPTERS

SERUM INSULIN AND INCIDENT MAJOR CHD EVENTS
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ABSTRACT

Objectives:- To test the hypothesis that elevated circulating insulin levels are 

independently related to the development of coronary heart disease.

Design:- A prospective study.

Subjects and setting:- 5550 men aged 40-59 years, drawn from one group practice in 

each of 18 towns in Britain. The men were members of the British Regional Heart 

Study cohort, whose baseline, non-fasting serum samples were analysed for insulin, 

using a specific ELISA method. Known and probable cases of diabetes at baseline 

were excluded.

Main outcome measure:- The relation between serum insulin concentration at 

baseline and incident major coronary heart disease events (fatal and non-fatal 

myocardial infarction) during 11.5 years follow-up.

Results:- There were 522 major coronary heart disease, 261 fatal and 260 non-fatal, 

during follow-up. A markedly non-linear relation between serum insulin and CHD 

events was observed with an almost 2-fold increased relative risk (RR) in the 10th 

decile of the serum insulin distribution (>35.3 mU/L) relative to the 1st to the 9th 

deciles combined, (age-adjusted RR, 1.9; 95% C.I. 1.6 to 2.4). There was some 

attenuation of this association on cumulative adjustment for a wide range of lifestyle 

and biological CHD risk factors, including physical activity level and HDL-cholesterol 

concentration, although it remained significant in the fully adjusted proportional 

hazards model, (RR, 1.6; 95% C.I. 1.1 to 2.3). Similar associations between insulin 

and CHD events were seen in men with and without evidence of CHD at baseline. 

Conclusions:- These data are consistent with the hypothesis that a high level of serum 

insulin (hyperinsulinemia) is atherogenic. However, the markedly non-linear form of 

the association and the attenuation in multivariate analysis, strongly suggests that the 

elevated insulin levels observed may only be a marker for common aetiological factors 

in the development of both ischaemic heart disease and non-insulin dependent 

diabetes.
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Introduction

The association between serum insulin concentration and major CHD events during 11.5 

years of follow-up in the BRHS cohort is examined in this chapter. As discussed in 

Chapter 2, in previous studies which have examined this question, insulin concentrations 

were determined by radioimmunoassay methods which are not specific for insulin but 

cross-react with pro-insulin and pro-insulin split products. In this study, insulin was 

measured using a specific ELISA method and adjustments were made for major coronary 

risk factors including HDL-cholesterol, triglycerides and physical activity. In most of the 

previous studies, data on HDL-cholesterol were not available. As we have seen in 

Chapter 5,the latter is inversely associated with insulin in cross-sectional studies and has 

been consistently advanced as a confounding factor of fundamental importance in studies 

of the link between insulin and CHD (Jarrett, 1988). There were over 500 major CHD 

events (fatal and non-fatal), more than the combined total of events in the previous 

studies that have addressed this issue (as reviewed in Chapter 2). The data were 

examined for evidence of a non-linear association between insulin and CHD (Fontbonne 

& Eschwege, 1991; Fontbonne et aL 1991; Pyorala et aL, 1985) and for evidence of 

interaction between insulin and the established CHD risk factors. In a separate analysis 

we have also examined the insulin-CHD association at 5 years follow-up, as there were 

discrepant findings in the Paris prospective study between the early (5 years) and late 

(11 and 15 years) follow-up studies (Ducimetiere et al, 1980; Eschwege et al, 1985; 

Fontbonne & Eschwege. 1991; Fontbonne et al, 1991).

Subjects and methods of data collection

As detailed in Chapters 5 and 6, serum insulin data were available from 5550 men.
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Details of the measurement of glucose and insulin and of the ascertainment of cases of 

major CHD events have been set out in Chapter 3. Details of the measurement of 

relevent covariates have also been set out in Chapter 3 (age, body mass index, social 

class, cigarette smoking, alcohol intake, physical activity, pre-existing CHD, use of anti­

hypertensive therapy, blood pressure, total cholesterol, HDL-cholesterol and triglyceride 

concentration, heart rate, haematocrit and FEVisee )•

Statistical analysis

Cox’s proportional hazards models were used to assess the independent contributions of 

serum insulin concentration at baseline to the risk of major CHD events at 11.5 years 

of follow-up (and in separate analyses at 5 years follow-up). The risk of major CHD 

events was examined by quintile of serum insulin, with the top quintile of this variable 

further divided into deciles. Age, body mass index, systolic blood pressure, total 

cholesterol, heart rate, FEV^, HDL cholesterol and triglyceride concentration were fitted 

as continuous variables in the proportional hazards model. Haematocrit was fitted as four 

dummy variables for the five haematocrit groups, as described in Chapter 4. Social class 

was fitted as 6 dummy variables (7 categories: 6 Registrar General groups and Armed 

Forces), physical activity as 5 variables (6 categories), alcohol as 4 variables (5 

categories) and smoking as 4 dummy variables (5 categories). Pre-existing coronary heart 

disease and use of anti-hypertensive therapy were fitted as a dichotomous (yes/no) 

variables. As insulin, glucose and triglyceride concentrations were not normally 

distributed, log transformed data were used. The data on serum insulin and triglyceride 

concentrations were adjusted for time of sampling as described in Chapter 5.

To illustrate the separate effects of allowing for key biological and life-style
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variables, the insulin-CHD association was adjusted for potential confounding factors in 

cumulative stages, (Tables 25 and 27). As in the previous analysis of the association 

between serum glucose and CHD events (Chapter 7), serum triglyceride level was not 

entered with HDL-cholesterol in Cox’s proportional hazards models. Possible interactions 

between insulin and established risk factors (body mass index, physical activity, 

hypertension, hypercholesterolemia and cigarette smoking) in the development of CHD 

were explored in stratified analyses and by fitting interaction terms in Cox’s proportional 

hazards models.

Results

After 11.5 years follow-up for all 5550 non-diabetic men with serum insulin data, 521 

major CHD events had occured, 261 fatal and 260 non-fatal. Mean serum insulin at 

baseline (geometric mean and 95 % Confidence Interval) was significantly higher in men 

who subsequently developed a major CHD event than in the rest of the cohort, 14.7 

mU/L (13.9 to 15.6) versus 12.3 mU/L (12.1 to 12.6), p <0.0001. Table 24 sho'ws iht 

CHD event rates per 1000 person-years (unadjusted) by quintile of serum insulin. Event 

rates were lowest in the first quintile, intermediate in the 2nd to the 4th quintiles and 

highest in the fifth quintile. CHD event rates in the fifth quintile were significantly raised 

relative to the first quintile (age adjusted relative risk, 1.9; 95% C.I. 1.4 to 2.5). To 

determine whether CHD risk increased further at higher levels of insulin, the 5th quintile 

was divided into deciles (23.7-35.2 mU/L and >  35.3 mU/L), Figure 11. Relative to the 

1st quintile baseline group, a steep increase in the age adjusted risk of CHD was 

observed in the 10th decile (relative risk, 2.4; 95% C.I. 1.8 to 3.2), whereas risk in the 

9th decile was only slightly raised (relative risk. 1.4; 95% C.I. 1.0 to 1.9), Figure 11.
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The age adjusted risk of major CHD events among men whose serum insulin was in the 

upper decile of the distribution was increased almost two-fold relative to those with 

insulin levels at or below the 90th centile, (relative risk, 1.9; 95% C.I. 1.6 to 2.4). In 

subsequent analyses, showing the effects of adjustment for potential confounding factors, 

attention has been focused on the risk of CHD events in the upper decile of the insulin 

distribution relative to the rest of the distribution.

InsuUn and CHD risk factors

As presented in Chapter 5, strong independent association between serum insulin and 

established CHD risk factors were observed, in particular with glucose, BMI, 

triglycerides and HDL-cholesterol. Insulin levels, were lower in manual workers and in 

the Armed Forces group than in non-manual workers and inverse associations with 

physical activity, cigarette smoking and alcohol intake were observed. A strong positive 

association between serum insulin and heart rate was observed and there were weak 

associations with haematocrit (positive) and FEVisec (negative). Insulin levels were higher 

in men taking anti-hypertensive therapy than in those who were not using anti­

hypertensive therapy (see Chapter 5).

Insulin and prevalent CHD

Relative to men without evidence of CHD at baseline, insulin levels were higher in men 

with evidence of CHD short of a definite myocardial infarction (MI) and were highest 

in those with a definite MI on electrocardiogram or recall of a doctor diagnosis of MI, 

(Chapter 5; Table 9).
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Insulin and CHD events in multivariate analysis

Table 25 shows the relation between insulin and incident major CHD events, with the 

effects of successive adjustments for potential confounding variables. The significant 

increase in risk in the 10th decile relative to the rest of the serum insulin distribution was 

minimally attenuated on adjustment for the major life-style and biological CHD risk 

factors, including HDL-cholesterol. In a separate analysis, in which serum triglyceride 

was entered into the full proportional hazards model instead of HDL-cholesterol, the 

insulin-CHD association was unchanged, adjusted relative risk in the upper decile of 

insulin relative to the 1st to the 9th deciles combined, 1.7; 95% C.I. 1.3 to 2.2).

Insulin and CHD events by CHD status at baseline

Similar non-linear relations between serum insulin levels and subsequent CHD events 

were observed in men without and in men with evidence of CHD at baseline. In the men 

without CHD at baseline, the risk of subsequent major events in the upper decile of 

serum insulin relative to the rest of the distribution was 1.7 (95% C.I. 0.8 to 3.2) and 

in the men with CHD at baseline, the risk was 1.5 (95% C.I. 1.0 to 2.2), after 

adjustment for all potential confounding factors.

Insulin-CHD relation and glucose tolerance

We considered whether serum insulin levels in the 10th decile were simply a marker for 

undiagnosed or "latent" non-insulin dependent diabetes (NIDDM), which one would 

expect to be associated with increased CHD risk. The insulin-CHD relation was examined 

in two glucose strata, at or below the 80th centile and above the 80th centile (<  6.1 

mmol/L, and > 6.1 mmol/L). An excess of CHD events in the 10th decile relative to
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the rest of the serum insulin distribution was observed in the lower glucose stratum, 

relative risk 2.1 (95% C.I. 1.4 to 3.3) but not in the upper glucose stratum, relative risk 

1.1 (95% C.I. 0.4 to 3.4), adjusted for potential confounding factors, including HDL- 

cholesterol. In a further analysis we excluded 138 men who developed non-insulin 

dependent diabetes (NIDDM) during an average follow-up period of 12.8 years (see 

Chapter 6). On exclusion of this latter group, the fully adjusted relative risk of CHD in 

the 10th serum insulin decile relative to the 1st to the 9th deciles was 1.6 (95% C.I. 1.1 

to 2.4).

Insulin-glucose ratio, glucose and CHD

The form and magnitude of the relation between insulin-glucose ratio and CHD was 

similar to that of insulin and CHD. Comparing the top decile of the insulin-glucose ratio 

with the rest of the distribution, the fully adjusted relative risk was 1.6 (95% C.I. 1.2 to 

2.0). The association between serum glucose and major CHD events was re-examined in 

this sub-group of 5550 men. As in the entire cohort there was an increase in risk in the 

upper quintile relative to the lower four quintiles combined, age adjusted RR 1.5 (95% 

C.I. 1.1 to 2.1). This association between serum glucose and CHD events was abolished 

on addition of insulin to the age adjusted model, RR 1.0 (95% C.I. 0.7 to 1.4).

Interactions with other CHD risk factors

The data were examined for evidence of interactions between insulin and other risk 

factors in the development of CHD. The fully adjusted relative risk of CHD in the 10th 

serum insulin decile relative to the rest of the insulin distribution was greater in smokers,

2.0 (95% C.I. 1.4 to 2.9) than in non-smokers, 1.4 (95% C.I. 0.9 to 2.0), a difference
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which was significant on formal testing for interaction (p=0.04). The relative risk in the 

top decile of serum insulin versus the rest of the distribution was similar in each tertile 

of BMI (1.9, 1.6, 1.6), in each tertile of total serum cholesterol (1.8, 1.9, 1.9), and in 

two physical activity strata (1.8, 1.5). In normotensives the relative risk in the top decile 

was 1.4 and in hypertensives (systolic >  160 mmHg and/or diastolic >  90 mmHg 

and/or receiving anti-hypertensive therapy) it was 1.8.

Insulin and CHD events at 5 years of follow-up

At 5 years of follow-up in the British Regional Heart Study there were 201 major CHD 

events. A stronger and somewhat more continuous association between insulin and CHD 

events was observed over the first 5 years of follow-up, (Table 26 and Figure 12). In the 

upper decile of serum insulin the age adjusted risk of CHD events was increased more 

than 3-fold relative to the 1st quintile, relative risk 3.7 (95% C.I. 1.8 to 5.5) and more 

than 2-fold, relative to the rest of the insulin distribution, {Table 27). As at 11.5 years 

follow-up, there was some attenuation of the increased risk in the upper decile on 

adjustment for the full range of life-style and biological CHD risk factors, but there 

remained a substantial excess risk of CHD events in the upper decile of serum insulin 

in the fully adjusted proportional hazards model, {Table 27).

Additional predictors of CHD

Table 28 shows the major independent predictors of CHD at 5 and 11.5 years follow-up. 

Relative to established CHD risk factors, there was marked attenuation of the association 

between serum insulin and risk of CHD events between 5 and 11.5 years of follow-up.
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Discussion

An elevated circulating insulin level was an independent predictor of major CHD events 

at 5 and 11.5 years of follow-up in this representative sample of British middle-aged, 

non-diabetic men. The magnitude of the insulin-CHD association was greater and 

somewhat more curvilinear in the first 5 years than in the later period of follow-up. 

However, the association was markedly non-linear at 11.5 years and in both early and 

late folow-up, the excess risk of CHD events was concentrated largely in the upper decile 

of the serum insulin distribution. Although insulin levels were raised in men with pre­

existing CHD at baseline, the relation between insulin and subsequent CHD events was 

similar in men with and without evidence of preexisting CHD at baseline. In contrast to 

the previous prospective studies which have addressed this question, insulin levels were 

determined using a specific assay which does not cross-react with pro-insulin.

The lack of fasting insulin data may be regarded as a limiting factor in this study. 

However, it has been suggested that the non-fasting state may be more relevant to the 

study of insulin and CHD than the fasting state (Yarnell et al, 1994). In clinical studies 

of the link between insulin and cardiovascular disease, consistent associations with post­

load insulin have been observed but not with fasting insulin or with the insulin response 

to intravenous stimuli (Stout, 1990). Inevitably, within-subject variability in insulin 

measurement will be higher with random (non-fasting) samples than with timed, post-load 

samples. It is likely for instance, that the attenuation in the insulin-CHD association 

between 5 and 11.5 years simply reflects measurement error or (more specifically) the 

declining reliability of a single measurement of non-fasting insulin as a measure of the 

difference between cases and the rest of the cohort with increasing duration of follow-up. 

However as discussed in Chapter / ,  all measurements of insulin in epidemiological



194

studies are beset by problems of high within-subject variability and it is arguable that 

differences in this regard are probably small between post- load and non-fasting samples 

(adjusted for time of sampling). High within-subject variability in the measurement of 

a putative risk factor such as insulin will dilute etiological association and in particular 

will attenuate estimates of the independence of effects in multivariate analysis. Indeed, 

given the inherent problem of variability (or random error) in insulin measurement in this 

as in other studies, it is likely that the magnitude of associations with cardiovascular risk 

factors and with CHD events has been underestimated.

As discussed in Chapter 5, correlations of non-fasting insulin with cardiovascular 

disease risk factors such as BMI, lipids and blood pressure described in this study, are 

very similar to those reported with fasting and post-load insulin in other studies. 

Similarly, the associations reported in this study between insulin levels and lifestyle 

factors such as physical activity, cigarette smoking and alcohol intake (as presented in 

Chapter 5) are consistent with findings from earlier studies (Fontbonne et al, 1991; 

Yarnell et al, 1994; Ferrara et al, 1994; Mykkânen et al, 1993[b]). It is difficult 

therefore to concieve of a source of systematic error related to the conditions of sampling 

which has produced a biased estimate of the association between insulin and coronary 

heart disease events but not of the association between insulin and cardiovascular risk 

factors.

The lack of data on body fat distribution represents a limitation in this study. 

Central obesity is considered to be a better marker of CHD risk than body mass index 

(Deprès et a i  1990) and is independently associated with insulinemia (Cigolini et al, 

1991). However, there was little attenuation of the insulin-CHD association on adjustment 

for BMI and physical activity level, variables which are correlated with central obesity
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(Marti et al, 1991), and there was no evidence of significant variation in the magnitude 

of the association in different strata of BMI or physical activity level. Hence substantial 

residual confounding due to central obesity is unlikely.

The findings in the present study are consistent with the 15 year follow-up data 

from the Paris Prospective Study, the largest of the previous studies which have examined 

the relation between insulin and CHD (Fontbonne et al, 1991). In the 15 year data from 

the Paris study (6093 subjects, 174 CHD deaths), 2-hour post load insulin in the upper 

quintile (entered as a categorical variable) emerged with systolic blood pressure, plasma 

cholesterol and cigarette smoking as a significant independent predictor of death from 

CHD. A similar non-linear relation between post-load insulin and CHD was observed in 

the 11 year follow-up data from the Paris study (Fontbonne & Eschwege, 1991). Post­

load insulin (both 1-hour and 2-hour) was also a significant predictor of CHD events in 

the Helsinki Policemens’ Study (1059 subjects) at 5 years (36 events) and 9.5 years of 

follow-up (63 events), independent of its association with other risk factors such as 

obesity, blood pressure and hyper 1 ipidaemia (Pyorala, 1979; Pyorala et al, 1985). As in 

the Paris study, the relation in the Helsinki Study was non-linear with increased risk in 

the upper quintile. In the 9.5 year data from this Finnish study the upper quintile was 

divided into deciles and a further marked increase in CHD event rates was observed in 

the 10th decile (Pyorala et al, 1985). Thus we now have evidence from three prospective 

studies of middle-aged men (Paris Prospective Study, Helsinki Policemen Study and the 

British Regional Heart Study) of a significant, non-linear relation between post load (or 

non-fasting) insulin and coronary heart disease, an association which in this study was 

independent of HDL-cholesterol. Negative studies in this area have either had few CHD 

endpoints (Cullen et al, 1983; Hargreaves et al, 1992; Welin et al, 1992; Rewers et al.
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1992; Ferrara et al, 1994) or have been based on fasting insulin (Yarnell et al, 1994; 

Orchard et al, 1994). Data on women are sparse (Cullen et al, 1983; Rewers et al, 1992; 

Ferrara et al, 1994). In the Busselton study (724 women aged 40-74, 18 CHD deaths), 

no independent effect of 1-hour post load insulin on CHD mortality was detected at 13 

years follow-up (Cullen et al, 1983). Subsequent negative studies in women have been 

based on a total of 36 coronary heart disease endpoints (Rewers et al, 1992; Ferrara et 

al, 1994). The reported inverse association between 2-hour insulin and cardiovascular 

disease mortality in elderly men, is not necessarily generalisable to younger age groups 

(Ferrara et al, 1994). Indeed, the inverse association between insulin levels and CHD risk 

in the Rancho Bernardo study probably reflects confounding by comorbidity given that 

those who died of a CHD event were leaner than those who survived (McKeigue & 

Davey, 1995).

In studies of subjects with established NIDDM, insulin levels have not emerged 

as a significant predictor of CHD (Wingard et al, 1995). This is hardly surprising, given 

that insulin levels in this setting largely reflect /3-cell hyposecretion and cannot be 

regarded as providing a reliable measure of either insulin resistance or previous 

hyperinsulinaemia.

It is suggested that insulin may only accelerate the development of atheroma in 

the presence of other risk factors such as hypertension or hypercholesterolaemia (Modan 

et al, 1991; Durrington. 1992). This hypothesis is suggested by the low rates of CHD in 

populations such as the Pima Indians, despite marked hyperinsulinemia (Ingelfinger etal, 

1976). There was no evidence of an interaction between insulin and serum cholesterol in 

these data and although CHD rates were higher among hypertensives than normotensives 

with serum insulin levels in the upper decile, the difference was not significant.
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Similarily, there was no evidence of an interaction with BMI. There was however, a 

significant interaction between insulin and cigarette smoking, with higher CHD risk 

among smokers with raised insulin levels compared with non smokers. In this, as in 

previous data (Yarnell etaL, 1994), insulin levels were lower in smokers. This interaction 

between serum insulin level and cigarette smoking clearly merits exploration in cross- 

sectional data on insulin and CHD risk factors and in future prospective studies

The present study provides clear evidence that serum true insulin levels in the 

highest part of the distribution are associated with a sharp increase in the risk of CHD 

events over the ensuing 5 to 10 years, which is independent of major CHD risk factors 

with which insulin is correlated. However, this does not necessarily suggest a direct 

atherogenic role for elevated circulating insulin levels in the development of CHD. 

Indeed, the form of the association, with a relatively marginal increase in risk over much 

of the insulin distribution (even in univariate analysis) suggests that insulin is not exerting 

direct atherogenic effects. Moreover, there is a particular need for caution in ascribing 

causality and declaring independence of effects in circumstances where multiple inter- 

correlated and labile variables such as insulin, blood pressure, HDL-cholesterol and 

triglycerides are examined simultaneously (Davy-Smith & Phillips, 1990).

Elevated non-fasting insulin levels in this study can be regarded as a marker for 

insulin resistance, particularly in men with normal glucose tolerance (Laakso, 1993). 

Hence, these data cannot resolve the issue of whether insulin is associated with CHD 

primarily via direct atherogenic effects or as a marker for insulin resistance. Given the 

lack of a continuous relation between serum insulin and CHD in these data and the 

inconsistent data on the effect of exogenous insulin on CHD risk (The University Group 

Diabetes Program, 1982; Wingard et al, 1995), the latter hypothesis, that insulin
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resistance predicts CHD with insulin as an "innocent bystander" (Savage & Saad, 1993), 

is more plausible.

In this thesis, the evidence that CHD and non-insulin dependent diabetes share 

common causal factors, genetic, environmental and possibly intrauterine (Hein et al, 

1992; Zimmet, 1989; Hales et al, 1991), has been reviewed. It has been shown {Chapter 

6) that true hyperinsulinaemia antedates the development of NIDDM (with a relatively 

sharp increase in the upper quintile), and it is clear that insulin is acting as a marker for 

insulin resistance in this setting. There is increasing evidence that the adverse coronary 

risk factor profile, which clusters with insulin resistance (Reaven, 1988), also antedates 

NIDDM (Haffner et al, 1990; Mykkânen et al, 1993[a]). In the BRHS cohort also, it has 

been shown that "the clock for coronary heart disease (starts) ticking before the onset of 

clinical diabetes" (Haffner et al, 1990) {Chapter 4) and that CHD risk factors which 

antedate (or predict) NIDDM, are associated with hyperinsulinaemia (Chapter 5). 

Exclusion of men who were known to have developed NIDDM during the period of 

follow-up did not alter the findings in this study of a sharp increase in CHD risk in the 

upper decile of the insulin distribution. However, there will inevitably have been 

undiagnosed cases of NIDDM and (on the basis of the data presented in Chapter 6), it 

is likely that a high proportion of men in the upper 10% of the insulin distribution will 

develop NIDDM on further follow-up. It is likely therefore that elevated serum insulin 

levels in this study, reflecting insulin resistance, are a marker for the common causal 

factors which link CHD and non-insulin dependent diabetes.

For over a decade the magnitude and importance of the association between 

circulating insulin levels and CHD has been contested. There is a need now to focus on 

factors (particularly environmental factors) which influence the development of insulin
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resistance. The findings presented in this thesis, are consistent with the accumulating data 

which implicate obesity and physical inactivity in the development of insulin resistance 

and suggest a possible beneficial effect of moderate alcohol consumption on insulin 

sensitivity (Chapter 5). The effects of diet (particularly saturated fat, Singh & Niaz, 

1995) and psychosocial stress (Bjorntorp, 1991) on insulin sensitivity and risk of 

NIDDM, clearly merit examination in future studies. In future studies there is also a need 

to examine the factors within and between populations which modulate the progression 

from insulin resistance to non-insulin dependent diabetes, coronary heart disease or both 

of these conditions.
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Table 24- Rate of CHD events (unadjusted) during 11.5 years of follow-up per 1000
person years of follow-up by quintile of serum insulin (non-fasting).

Insulin No of men Events (n) Rate/l(X)0 person years

< 6.6 lU/L 1113 (78) 6.49

6.6 - lU/L 1118 (100) 8.29

9.6 - lU/L 1108 (99) 8.32

14.3 - lU/L n i l (102) 8.61

23.7 - lU/L 1100 (142) 12.4
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Figure 11- Major CHD event rate per 1000 person years at 11.5 years follow-up in the 
1st to the 4th quintile of serum insulin and in the 9th and 10th deciles. On the top of each 
bar the number of events is indicated and in brackets below each bar, the number of men 
in each quintile and in the 9th and 10th decile.
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Table 25- Adjusted relative risk (95 % confidence intervals) of incident major CHD events 
at 11.5 years of follow-up by serum insulin level (6 groups: 1st to 4th quintiles, 9th and 
10th deciles).

Insulin

lU/L

A B C

< 6.6 1.0 1.0 1.0

6 .6- 1.2 (0.9-1.6) 1.1 1.1 (0.8-1.5)

9.6- 1.2 (0.9-1.6) 1.1 1.0 (0.7-1.4)

14.3- 1.2 (0.9-1.6) 1.1 1.0 (0.7-1.4)

23.7- 1.3 (0.9-1.8) 1.1 0.9 (0.6-1.6)

35.3- 2.1 (1.5-2.1) 1.8 1.6 (1.1-2.3)

Top decile 
vs. rest 1.7 (1.3-2.2) 1.6 (1.3-2.1) 1.6 (1.1-2.3)

Adjustments

A = Adjusted for age, glucose* and BMI (N=5535; 520 cases).

B =  Adjusted for the factors in A plus social class, smoking, physical activity, heart 
rate, FEV,, alcohol consumption, systolic blood pressure, total cholesterol level, use of 
anti-hypertensive therapy, and prevalent coronary heart disease (N=5361; 504 cases).

C =  Adjusted for the factors above plus HDL-Cholesterol level (N=5272; 493 cases).

* The findings are unchanged if glucose is fitted as a continuous variable.
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Table 26- Rate of CHD events (unadjusted) during 5 years of follow-up per 1000 person
years of follow-up by quintile of serum insulin (non-fasting).

Insulin No of men Events (n) Rate/1000 person years

< 6.6 lU/L 1113 (25) 4.57

6.6 - lU/L 1118 (33) 6.02

9.6 - lU/L 1108 (35) 6.47

14.3 - lU/L n i l (38) 7.02

23.7 - lU/L 1100 (70) 13.30
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Figure 12- Major CHD event rate per 1000 person years at 5 years follow-up in the 1st 
to the 4th quintile of serum insulin and in the 9th and 10th deciles. On the top of each 
bar the number of events is indicated and in brackets below each bar, the number of men 
in each quintile and in the 9th and 10th decile.
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Table 27- Adjusted relative risk (95 % confidence intervals) of major CHD events in the 
10th serum insulin decile relative to the 1st to the 9th deciles combined at 5 years follow- 
up (N=5550; 201 events).

A B C D

2.6 (1.9-3.6) 2.2 (1.5-3.2) 2.1 (1.4-3.1) 2.1 (1.4-3.0)

Adjustments

A = Adjusted for age (N=5550; 201 cases).

B = Adjusted for age, glucose and BMI (N=5535; 201 cases).

C = Adjusted for the factors in A and B plus social class, smoking, physical activity, 
heart rate, FEVj alcohol consumption, systolic blood pressure, total cholesterol level, 
use of anti-hypertensive therapy, and prevalent coronary heart disease (N=5361; 194 
cases).

D= Adjusted for the factors above plus HDL-Cholesterol level (N=5272; 188 cases).
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Table 28- Insulin as a predictor of CHD events compared with other predictors at 5 and 
11.5 years follow-up. The results for each variable have been adjusted for age and for 
the other variables.

Variable Relative risk at

5 years 11.5 years

Insulin (top decile versus bottom fifth) 2.7 1.6

Systolic BP (top decile versus bottom fifth) 2.1 1.8

Total cholesterol (top decile versus bottom fifth) 3.0 2.9

HDL-cholesterol (bottom decile versus top fifth) 2.1 1.8

FEVisec (bottom decile versus top fifth) 1.8 1.6

Heart rate ( > 90 beats/min versus rest) 1.3 1.4

Cigarette smoking (moderate/heavy versus never) 2.4 2.1

Use of antihypertensive medication 1.5 1.6

Prevalent CHD at screening 2.0 1.8

Physical activity (none versus moderate) 2.0 1.6
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CHAPTER 9

DISCUSSION AND CONCLUSIONS
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Epidemiology is concerned with advancing our understanding of the causes of disease, 

though as Hill (1965) reminds us, "all scientific work is incomplete, whether it be 

observational or experimental". Causal inferences are (by definition) tentative (Popper, 

1965). The data from the British Regional Heart Study as presented in this thesis, taken 

with the findings from previous work, are consistent with a causal role for obesity and 

physical inactivity in the development of NIDDM. The data linking moderate alcohol 

consumption with lower risk of NIDDM require more cautious interpretation and the 

status of cigarette smoking as a risk factor for NIDDM is equivocal. The data also 

support the hypothesis that non-insulin dependent diabetes and coronary heart disease 

share common aetiological factors, such as obesity, physical inactivity and possibly the 

level of alcohol intake, which are linked by hyperinsulinemia and insulin resistance. 

Consistent with this hypothesis, there was evidence of a common pathway of mediating 

factors linking NIDDM and CHD, factors such as increased triglyceride and decreased 

HDL-cholesterol and raised heart rate, which are also linked by hyperinsulinemia and 

insulin resistance. Other mediating factors, such as hyperuricemia and raised haematocrit, 

which have been shown to predict CHD (Klein et al, 1973; Wannamethee et al, 1994), 

were shown in this work to predict NIDDM. Though strong, biologically significant 

associations between these latter factors and insulin were not observed in this work, there 

is evidence from other work that both hyperuricemia and raised haematocrit merit 

inclusion in the insulin resistance syndrome (Facchini et al, 1991; Smith et al, 1994). 

The findings suggest however, that there is a fundamental component of CHD risk which 

is not related to insulin resistance and diabetes. Total cholesterol levels did not predict 

NIDDM, and it is clear that hypertensives and smokers were at considerably greater risk 

of CHD (Shaper et al, 1985[a]) than of NIDDM in this cohort.
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Lifestyle related factors and NIDDM

The association between obesity and NIDDM is strong, graded, consistently observed in 

diverse population, biologically plausible and supported by some evidence of reversibility 

(Eriksson & Lindgarde, 1991; Knowler et al, 1995), The association between physical 

activity and NIDDM is less strong, which leaves open the possibility of residual 

confounding due to obesity or confounding due to unmeasured behavioural, lifestyle or 

psychosocial factors associated with higher levels of physical activity. However the 

association with physical activity is graded, consistent and biologically plausible. Good 

evidence on the reversibility of NIDDM risk with exercise, independent of effects on 

obesity is lacking. Of course from the public health perspective, the question of whether 

physical activity is associated with reduced risk of NIDDM "independent" of effects on 

obesity is largely irrelevant. There is considerable evidence that in economically 

developed societies, such as Britain and the US, physical inactivity, rather than dietary 

excess, is the major contributor to the rising prevalence of obesity (Prentice & Jebb, 

1995; Kuczmarski et at, 1994). For decades, the notion that obesity is not an important 

aetiological factor in the development of CHD was accepted, based on the fallacy that it 

had not been consistently shown to be independent of CHD risk factors such as 

hypertension and dyslipidaemia. Clearly in considering the role of physical inactivity in 

the development of NIDDM we must be careful not to confuse confounding with 

mediating factors.

Current data on the relation between alcohol intake and NIDDM are limited. 

Hence the results of this study, which (on the basis of the most cautious interpretation) 

suggest that alcohol consumption does not increase the risk of NIDDM, represent a 

significant addition to current knowledge on this issue. The lower risk of NIDDM seen
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in moderate relative to occasional drinkers, is broadly consistent with findings from 

previous studies on alcohol and NIDDM (and CHD, Holbrook et al, 1990; Rimm et al, 

1995; Shaper et al, 1994) and it is biologically plausible, given the associations between 

alcohol consumption and insulin levels (Chapter 5). There was also some evidence of 

a biological gradient. Occasional rather than non-drinkers were taken as the reference 

group in these analyses, thereby reducing (but not eliminating) the potential for bias due 

to the inclusion in the latter category of former heavy drinkers who have stopped drinking 

because of illness.

The weak association between cigarette smoking and NIDDM (even in the age and 

age/BMI adjusted data), taken with the inverse association between the number of 

cigarettes smoked and serum insulin levels, do not suggest a major role for smoking in 

the development of insulin resistance and NIDDM. However smoking may increase risk 

of NIDDM via direct effects on pancreatic jS-cell function leading to pancreatic 

hyposecretion of insulin. In this event, smoking would be associated with higher risk of 

NIDDM in lean rather than obese individuals, i.e. there may be an interaction with 

obesity, as suggested by the data from the US Health Professional’s follow-up study 

(Rimm et al, 1995). This issue should be addressed in future studies based on cohorts 

with an adequate number of cases of NIDDM among men who can be regarded as "lean".

Insulin resistance. NIDDM and CHD

The development of insulin resistance with compensatory hyperinsulinaemia is 

undoubtedly central to the pathogenesis of NIDDM and as suggested by the data 

presented in this thesis, it acts as a marker for common causal factors shared between 

NIDDM and CHD. Understanding of pathogenesis is clearly of considerable importance
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in the development of therapeutic agents such as, troglitazone (Nolan et al, 1994), which 

may, via effects on insulin sensitivity reduce the risk of deterioration to NIDDM in high 

risk individuals and may possibly reduce the risk of CHD in such individuals (Keen, 

1994). However epidemiology and public health are primarily concerned with aetiology 

and prevention at the population level rather than pathogenesis and treatment at the 

individual level. It is arguable that although the insulin resistance hypothesis has provided 

a useful model for exploring the links between NIDDM and CHD, there is a need now 

to focus on fundamental causal factors in NIDDM and CHD rather than continue to focus 

on the minutiae of pathogenesis. There is a need to keep sight of the distinction between 

aetiology and pathogenesis. Keen for instance, in an editorial on troglitazone, has 

suggested that "insulin resistance is now putatively responsible not only for obesity and 

glucose intolerance but also for a panoply of pathologic conditions constituting what is 

known as the metabolic syndrome, the insulin resistance syndrome, or Syndrome X, 

whose manifestations may also include hypertension, dyslipidaemia, and coronary, 

cerebral, and peripheral artery disease" (Keen, 1994). A formidable indictment of insulin 

resistance! While genetically determined defects in insulin sensitivity may account for 

some of the within population variation in obesity, clearly such defects cannot be 

considered relevant to between population differences in obesity, to the causes of 

incidence in the population. To argue that insulin resistance is responsible for obesity and 

glucose intolerance not only confuses aetiology and pathogenesis but also ignores the 

difference between the determinants of disease in individuals and populations. Moreover, 

it is argued that in focusing on insulin resistance at the centre of a metabolic syndrome 

linking NIDDM and CHD in certain populations, such as in South Asians, the role of 

fundamental aetiological factors such as dietary saturated fat intake in these populations
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has received insufficient attention (Singh & Niaz, 1995). For instance, there is evidence 

that the increasing prevalence of CHD from the low levels seen in rural North Indians 

to the high levels seen in South Indian immigrants to the UK is associated not only with 

a rising prevalence of diabetes but also with steadily increasing consumption of total fat 

and saturated fat (Singh & Niaz, 1995). It is clear that in considering the epidemic of 

CHD in South Asians and in considering the relation between NIDDM and CHD in this 

population, we need to focus on potentially modifiable factors associated with 

immigration such as changes in the amount and constituents of the diet, changes in 

physical activity and other factors such as psychosocial stress. Ultimately, the question 

of whether insulin resistance explains the link between NIDDM and CHD in this or other 

populations is less important than the identification of modifiable environmental factors 

which reduce the risk of NIDDM and CHD, whether via effects on insulin resistance or 

other mechanisms. In this context, it is worth noting that there are some populations, 

notably those of African origin (Chaturvedi et al, 1994) and the Pima Indians (Nelson et 

al, 1990), which have high rates of NIDDM but low rates of CHD. It may be that in 

some of these populations NIDDM is associated primarily with insulin hyposecretion 

rather than insulin resistance (Joffe et al, 1992), or there may be ethnic variation among 

individuals with NIDDM in resistance to the effect of insulin on lipid metabolism 

(Chaturvedi et al, 1994). However, these populations tend to have relatively low serum 

cholesterol and it may be that serum cholesterol (reflecting the amount and pattern of 

dietary fat intake) plays a pivotal role in modulating inter-relations between insulin 

resistance, NIDDM and CHD.
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Public health implications

The findings from this study have implications for both policy formation and for research 

with regard to the prevention of NIDDM and atherosclerotic vascular disease . 

Prevention o f NIDDM

Clearly, even in the affluent West, the prevention of NIDDM will depend largely on a 

population based approach, which seeks to "discover and control the causes of incidence" 

rather than a high risk approach with its emphasis on identifying and protecting 

susceptible individuals (Rose, 1985). However, the current Health of the Nation (HoN) 

targets for obesity in England focus on the tail of the BMI distribution, i.e. on reducing 

the prevalence of obesity (defined as BMI > 30 kg/m^) rather than on achieving a 

downward shift in the overall distribution (Department of Health, 1992). On the basis of 

these data from the BRHS, achievement of the HoN target of an 8 % reduction in the 

prevalence of obesity (as defined) in middle-aged men would (assuming a causal link 

between obesity and NIDDM) have lead to a 2% reduction (approximately) in the number 

of men with physician diagnosed NIDDM over the period of follow-up. However 75% 

of NIDDM cases in this study occurred in men with a BMI below 30 kg/m^. If it is 

accepted that the increasing risk of NIDDM across the entire range of obesity (as 

reflected by BMI) represents a causal relation, these data suggest that a small downward 

shift in the population mean BMI will result in a substantial reduction in the incidence 

of diagnosed NIDDM. One would anticipate proportionate effects on the population 

burden of undiagnosed NIDDM and impaired glucose tolerance.

The results of this study add to the accumulating evidence regarding the health 

benefits of physical activity (Royal College of Physicians, 1991) and in particular the 

benefits of moderate exercise. Again, if we accept that the link is causal, these data have
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implications for the promotion of exercise at the population level, given the low levels 

of physical activity among adults (and children) in the UK (Allied Dunbar, 1992).

From a practical viewpoint however, it is unlikely that a significant downward 

shift in the population distribution of BMI will occur without fundamental changes in 

national food policy, ranging from production to marketing and labelling and changes in 

related areas of relevance to diet and exercise, such as education, employment, income 

distribution and transport policy.

The findings on alcohol and risk of NIDDM are relevant to policy formulation and 

the development of guidelines on "safe" drinking levels. It is important however that 

recommendations regarding alcohol intake are not unduly influenced by data on the 

association between alcohol and specific medical problems, such as NIDDM (or coronary 

heart disease). There is a need to focus on the effect of alcohol on total morbidity and 

mortality and on the wider public health issues of the psychological, social and economic 

cost of heavy drinking.

Clearly, population based and high risk approaches to the prevention of NIDDM 

are not mutually exclusive. The associations between both BMI and physical activity and 

NIDDM and the finding that individuals at particularly high risk of NIDDM are readily 

identifiable, also have implications for the development of high risk strategies for the 

prevention of this condition. In this context, it should be noted that detailed knowledge 

of family history of diabetes combined with BMI and serum glucose would probably have 

further enhanced the prediction of NIDDM in this study. A strong case can now be made 

for conducting a major intervention study to determine the effectiveness of weight loss 

and exercise (separately and in combination) in the prevention of NIDDM and 

atherosclerotic vascular disease in individuals at high risk of NIDDM. There is
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preliminary evidence which supports such a strategy (Eriksson & Lindgarde, 1991). 

Prevention o f CHD

Given the association between CHD and NIDDM in industrialised societies, strategies to 

prevent NIDDM (both high risk and population-based) are likely to have a favourable 

impact on CHD morbidity and mortality and vice versa. The findings from this work 

support the concept of an integrated approach to the prevention of NIDDM and CHD. 

For example it is difficult to envisage an effective strategy for the reduction of CHD in 

the UK South Asian population which does not address the causes of glucose intolerance 

in this population (McKeigue et al, 1991). Furthermore from a high risk perspective, 

given the efficacy and relatively high cost-effectiveness of coronary risk factor reduction 

in diabetic subjects (Yudkin, 1993), it is likely (though not as yet proven) that early 

diagnosis of NIDDM combined with attention to risk factors (particularly obesity) will 

be of value, in postponing or preventing CHD. In this study it has been shown that the 

development of insulin resistance and the gradual deterioration in glucose tolerance which 

precedes the development of NIDDM, is related to behavioural factors associated with 

CHD, such as obesity and physical inactivity, and is associated with derangements in 

important CHD risk factors such as HDL-cholesterol. This raises the possibility of 

additional benefit, in terms of CHD prevention, from the primary prevention of NIDDM. 

Indeed it is arguable that the efficacy and cost effectiveness of coronary risk factor 

reduction in "pre-diabetic" subjects will approach that of risk factor intervention in 

diabetic subjects. Ultimately, intervention studies will need to address this hypothesis.
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Further work

The findings from this work have led to additional studies examining risk factors for 

NIDDM and exploring inter-relations between NIDDM and coronary heart disease in the 

BRHS cohort. A proposal to recall surviving members of the BRHS cohort for a further 

examination is currently under consideration. The results of this study have enabled the 

author to argue for the inclusion of measures of glucose tolerance in this potentially 

important national study of late middle-aged and elderly men. This further study should 

contribute valuable data on the distribution of glucose intolerance in British men and it 

has the potential to illuminate additional lifestyle and biological predictors of both 

NIDDM and CHD.



217

CHAPTER 10

REFERENCES



218

Abbott WG, Lillioja S, Young AA et al. Relationships between plasma lipoprotein 

concentrations and insulin action in an obese hyperinsulinémie population. Diabetes 

1987;36:897-904.

Alberti KGMM. Problems related to definitions and epidemiology of Type 2 (non-insulin 

dependent) diabetes mellitus: studies throughout the world. Diabetologia 1993;36:978-84.

Allied Dunbar, Health Education Authority, Sports Council: Allied Dunbar National 

Fitness Survey: A report on activity patterns and fitness levels. Main findings and 

summary document. London: Health Education Authority, Sports Council, 1992.

A1 Sayegh H, Jarrett RJ. Oral glucose tolerance tests and the diagnosis of diabetes; 

results of a prospective study based on the Whitehall Survey. Lancet 1979;2:431-3.

Alzaid A, Rizza RA. Insulin resistance and its role in the pathogenesis of impaired 

glucose tolerance and non-insulin dependent diabetes mellitus: perspectives gained from 

in vivo studies. In: Moller DE, ed. Insulin Resistance. Chichester: John Wiley & Sons, 

1993:143-86.

Andersen L, Dinesen B. Jorgensen PN, Poulsen F, Roder ME. Enzyme immunoassay for 

intact human insulin in serum or plasma. Clin Chem 1993;39:578-82.

Annuzzi G, Vaccaro O. Caprio S, et al. Association between a low habitual physical 

activity and impaired glucose tolerance. Clin Physiol 1985;5:63-70.

Attvall S, Fowelin J. Lager I, von Schenk H, Smith U. Smoking induces insulin 

resistance: a potential link with the insulin resistance syndrome. J  Intern Med

19935;2337:327-32.

Axelsen M, Eliasson B. Joheim E, Lenner RA, Taskinen M-R, Smith U. Lipid 

intolerance in smokers. J Intern Med 1995;237:449-55.



219

Banerji MA, Lebovitz HE. Coronary heart disease risk factor profiles in black patients 

with non-insulin dependent diabetes mellitus: paradoxic patterns. Am J Med 1991;91:51- 

58.

Barker DIP, Bull AR, Osmond C, Simmonds SJ, Fetal and placental size and the risk of 

hypertension in adult life. Br Med J  1990;301:259-62.

Barker DJ, Godfrey KM, Fall C, Osmond C, Winter PD, Shaheen SO. Relation of birth 

weight and childhood respiratory infection to adult lung function and death from chronic 

obstructive airways disease. Br Med J  1991;303:671-5.

Barker DJB, ed. Fetal and infant origins o f adult disease. London: BMJ Publishing 

Group, 1992.

Barker DJ, Hales CN, Fall CH, Osmond C, Phipps K, Clark PM. Type 2 

(non-insulin-dependent) diabetes mellitus, hypertension and hyper 1 ipidaemia (syndrome 

X): relation to reduced fetal growth. Diabetologia 1993;36:62-67.

Barker DJB. Mothers, babies, and disease in later life. London: BMJ Publishing Group, 

1994.

Barrett-Connor E, Grundy SM, Holdbrook MJ. Plasma lipids and diabetes mellitus in an 

adult community. Am J Epidemiol 1982;115:657-63.

Barrett-Connor E, Wingard DL, Criqui MH, Suarez L. Is borderline fasting 

hyperglycaemia a risk factor for cardiovascular death? J Chron Dis 1984;37:773-79.

Barrett-Connor E. Epidemiology, obesity, and non-insulin dependent diabetes. Epidemiol 

Rev 1989:11:172-81.

Barnett AH, Eff C, Leslie RDG, Pyke DA. Diabetes in identical twins. Diabetologia 

1981;70:87-93.



220

Bennett PH, Rushforth NB, Miller M, et al. Epidemiological studies of diabetes in Pima 

Indians. Recent Prog Harm Res 1976;32:333-76.

Bennett PH Knowler WC. Increasing prevalence of diabetes in the Pima (American) 

Indians over a ten year period. In: Waldhausl WK. ed. Proceedings o f the 10^ Congress 

of the International Diabetes federation. Amsterdam: Excerpta Medica, 1980:117-26.

Ben-Shlomo Y, Davey Smith G. Deprivation in infancy or in adult life: which is more 

important for mortality risk? Lancet 1991;337:530-34.

Bergman RN, Ider YZ, Bowden CR, Cobelli C. Quantitative estimate of insulin 

sensitivity. Am J  Physiol 1979;236:667-77.

Bergstrom RW, Newell-Morris LL, Leonetti DL et al. Association of elevated fasting C- 

peptide level and increased intra-abdominal fat distribution with development of NIDDM 

in Japanese-American men. Diabetes 1990;39:104-11.

Berson SA, Yalow RS. Insulin "antagonists" and insulin resistance. In: Ellenberg M, 

Rifkin H, eds. Diabetes Mellitus: Theory and Practice. New York: McGraw-Hill, 

1970:388-423

Bjorntorp P, DeJounge K, Sjostrom L, Sullivan L. The effect of physical training on 

insulin production in obesity. Metabolism 1970;19:631-38.

Bjorntorp P. Visceral fat accumulation: the missing link between psychosocial factors and 

cardiovascular disease. J Intern Med 1991;230:195-201.

Bonadonna RC, Groop L, Kraemer N, et al. Obesity and insulin resistance in humans: 

a dose response study. Metabolism 1990;39:452-59.



221

Breschi MC, Seghieri G, Bartolomei G, G iron! A, Baldi S, Ferrannini E. Relation of 

birth weight to maternal plasma glucose and insulin concentrations during normal 

pregnancy. Diabetologia 1993;36:1315-21.

Bruce NG, Shaper AG, Walker M, Wannamethee G. Observer bias in blood pressure 

studies. J  Hypertens 1988;6:374-80.

Burchfiel CM, Sharp DS, Curb JD, Rodriguez BL, Hwang LJ, Marcus EB. Physical 

activity and incidence of diabetes: the Honolulu Heart Program. Am J  Epidemiol 

1995;141:360-68.

Burstein R, Polychronakos C, Toews CJ et al. Acute reversal of the enhanced insulin 

action in trained athletes: association with insulin receptor changes. Diabetes 

1985;34:756-60.

Chan JM, Rimm EB, Colditz GA, Stampfer MJ, Willett WC. Obesity, fat distribution, 

and weight gain as risk factors for clinical diabetes in men. Diabetes Care 1994; 17:961-

69.

Charles MA, Fontbonne A, Thibult N, Warnet JM, Rosselin GE, Eschwege E. Risk 

factors for NIDDM in white population. Paris Prospective Study. Diabetes 1991 ;40:796- 

99.

Chaturvedi N, McKeigue PM. Marmot MG. Relationship of glucose intolerance to 

coronary risk in Afro-Caribbeans compared with Europeans. Diabetologia 1994;37:765-

72.

Cigolini M, Seidell JC. Charzewska J, et al. Fasting serum insulin in relation to fat 

distribution, serum lipid profile, and blood pressure in European women: the European 

Fat Distribution Study. Metabolism 1991;40:781-87.



222

Clausen JO, Hansen T, BjorbaekC, et al. Insulin resistance: interactions between obesity 

and a common variant of insulin receptor substrate-1. Lancet 1995;346:397-02.

Clément K, Vaisse C, Manning BSJ et al. Genetic variation in the 183-adrenergic receptor 

and an increased capacity to gain weight in patients with morbid obesity. N  EnglJ Med 

1995;333:343-47.

Cohen AM, Fidel J, Cohen B, Furst A, Elsenberg S. Diabetes blood lipids, lipoproteins, 

and change of environment: Re-study of the "new immigrant Yemenites" in Israel. 

Metabolism 1979;28:716-28.

Colditz G A, Willett WC, Stampfer MJ et al. Weight as a risk factor for clinical diabetes 

in women. Am J Epidemiol 1990;132:501-13.

Collins VR, Dowse GK, Finch CF, et al. An inconsistent relationship between insulin 

and blood pressure in three Pacific island populations. J  Clin Epidemiol 1990;43:1369-78.

Collins R, Peto R, MacMahon S, et al. Blood pressure, stroke and coronary heart 

disease: Part 2, short term reductions in blood pressure: overview of randomised drug 

trials in their epidemiologic context. Lancet 1992;335:827-38.

Cook DG, Shaper AG, Thelle DS, Whitehead TP. Serum uric acid, serum glucose and 

diabetes: relationships in a population study. Postgrad Med J  1986;62:1001-1006.

Cook DG. Respiratory function, smoking and coronary heart disease in British men. PhD 

Thesis, University of London, 1988.

Cook DG, Kussick SJ, Shaper AG. The respiratory benefits of stopping smoking. J  

Smoking Related Dis 1990;1:45-58.

Cowie CC, Howard BV, Harris MI. Serum lipoproteins in African Americans and whites 

with non-insulin-dependent diabetes in the US population. Circulation 1994;90:1185-93.



223

Cox DR. Regression models and life-tables. J R Stat Soc [B] 1972;34:187-220.

Cruickshank JK. Diabetes: contrasts between peoples of black (West African), Indian and 

white European origin. In: Cruickshank JK, Beevers DG, eds. Ethnic Factors in Health 

and Disease. London: Wright, 1990.

Cruickshank JK. Challenging the orthodoxy of insulin resistance. Lancet 1995;346:772-

73.

Cryer PE, Raymond MW, Santiago JV, Shah SD. Norepinephrine and epinephrine 

release and adrenergic mediation of smoking-associated hemodynamic and metabolic 

events. N  E nglJ Med 1976;295:573-77.

Cullen K, Stenhouse NS, Wearne KL, Welborn TA. Multiple regression analysis of risk 

factor for cardiovascular disease and cancer mortality in Busselton, Western Australia-13- 

year study. J Chron Dis 1983;36:371-77.

DePronzo RA, Tobin JD, Andres R. Glucose clamp technique: a method for quantifying 

insulin secretion and resistance. Am J Physiol 1979;273:214-23.

DeFronzo RA. The triumvirate: /J-cell, muscle and liver. A collusion responsible for 

NIDDM. Diabetes 1988:37:667-87.

DeFronzo RA, Bonadonna RC, Ferrannini E. Pathogenesis of NIDDM: a balanced 

overview. Diabetes Care 1992;15:318-68.

Department of Health. The Health o f the Nation. A strategy for health in England. 

London: HMSO, 1992.

Deprès J-P. Moorjani S. Lupien PJ, et al. Regional distribution of body fat, plasma 

lipoprotein and cardiovascular disease. Arteriosclerosis 1990;10:497-511.



224

Donahue RP, Abbott RD, Reed DM, Yano K. Postchallenge glucose concentration and 

coronary heart disease in men of Japanese ancestry. Honolulu Heart Program. Diabetes 

1987;36:689-92.

Dowse GK, Collins VR, Alberti KGMM, et al. Insulin and blood pressure are not 

independently related in Mauritians of Asian Indian, Creole or Chinese origin. J 

Hypertens 1993;11:297-307.

Dowse GK, Spark RA, Mavo B, et al. Extraordinary prevalent of non-insulin dependent 

diabetes mellitus and bimodal plasma glucose distribution in the Wanigela people of 

Papua New Guinea. Med J Aust 1994;160:767-74.

Ducimetière P, Eschwege E, Papoz L, et al. Relationship of plasma insulin levels to the 

incidence of myocardial infarction and coronary heart disease in a middle-aged 

population. Diabetologia 1980;19:205-10.

Dunn JP, Ipsen J, Elsom KO, Ohtani M. Risk factors in coronary artery disease, 

hypertension and diabetes. Am J Med Set 1970;259:309-22.

Durrington PN. Is insulin atherogenic? Diabetic Med 1992;9:597-600.

Elbein SC, Hoffman MD, Bragg KL, Mayorga RA. The genetics of NIDDM. An update. 

Diabetes Care 1994:17:1523-33.

Eliasson B, Attval S. Taskinen MR, Smith U. The insulin resistance syndrome in 

smokers is related to smoking habits. Arteriosclerosis & Thrombosis 1994;14:1946-50.

Epstein F, Holland WW. Prevention of chronic diseases in the comunity-one disease 

versus multiple disease strategies. Int J  Epidemiol 1983;12:135-37.



225

Eriksson KF, Lindgarde F. Prevention of type 2 (non-insulin-dependent) diabetes mellitus 

by diet and physical exercise. The 6-year Malmo feasibility study. Diabetologia 

1991;34:891-8.

Eschwege E, Ducimetiere P, Papoz L, Claude JR, Richard JL. Blood glucose and 

coronary heart disease. Lancet 1980;ii:472-73.

Eschwege E, Richard JL, Thibult N, Ducimetière, Claude JR, Rosselin GE. Coronary 

heart disease mortality in relation with diabetes, blood glucose and plasma insulin levels. 

The Paris Prospective Study, ten years later. Horm Met Res 1985;15(Suppl):41-46.

Everhart J, Knowler WC, Bennett PH. Incidence and risk factors for non-insulin 

dependent diabetes. In: Diabetes in America. US department of Health and Human 

Services 1985, NIH Publication No.85-1468;IV:l-35.

Facchini FS, Chen Y-DL Hollenbeck CB, Reaven GM. Relationship between resistance 

to insulin-mediated glucose uptake, urinary uric acid clearance, and plasma uric acid 

concentration. J American Med Association 1991 ;226:3008-11.

Facchini FS, Hollenbeck CB, Jeppesen J, Chen Y-DI, Reaven GM. Insulin resistance and 

cigarette smoking. Lancet 1992;339:1128-30.

Facchini F, Chen YD. Reaven GM. Light-to-moderate alcohol intake is associated with 

enhanced insulin sensitivity. Diabetes Care 1994;17:115-9.

Ferrannini E, Buzzigoli G. Bonadonna R, et al. Insulin resistance in essential 

hypertension. N Engl J Med 1987;317:350-57.

Ferrara A, Barrett-Connor EL. Edelstein SL. Hyperinsulinemia does not increase the risk 

of fatal cardiovascular disease in elderly men or women without diabetes: The Rancho 

Bernardo Study, 1984-1991. Am J Epidemiol 1994;140:857-69.



226

Feskens EJM, Kromhout D. Cardiovascular risk factors and the 25-year incidence of 

diabetes mellitus in middle-aged men. The Zutphen Study. Am J Epidemiol 

1989;130:1101-08.

Feskens EJM, Bowles CH, Kromhout D. Intra- and interindividual variability of glucose 

tolerance in an elderly population. J Clin Epidemiol 1991;44:947-53.

Feskens EJ, Loeber JG, Kromhout D. Diet and physical activity as determinants of 

hyperinsulinaemia: the Zutphen Elderly Study. Am J  Epidemiol 1994;140:350-60.

Feskens EJM, Virtanen SM, Rasanen L, et al. Dietary factors determining diabetes and 

impaired glucose tolerance: a 20 year follow-up of the Finnish and Dutch cohorts of the 

Seven Countries Study. Diabetes Care 1995;18:1104-12.

Fontbonne AM, Eschwege EM. Insulin and cardiovascular disease. Paris prospective 

study. Diabetes Care 1991;14:461-69.

Fontbonne A, Charles MA, Thibult N, et al. Hyperinsulinemia as a predictor of coronary 

heart disease mortality in a healthy population: the Paris Prospective Study, 15-year 

follow-up. Diabetologia 1991;34:356-61.

Fuller JH, Shipley MJ. Rose G, Jarrett RJ, Keen H. Mortality from coronary heart 

disease and stroke in relation to degree of glycaemia: The Whitehall study. Br Med J  

1983;287:867-70.

Fuller JH, Shipley MJ. Hyperglycaemia as a cardiovascular risk factor. Postgrad Med 

J  1989;65 (Suppl 1):S30-S32.

Ganda OP, Day JL, Soeldner JS et al. Reproducibility and comparative analysis of 

repeated intravenous and oral glucose tolerance tests. Diabetes 1978;27:715-25.



I l l

Ganda OP. Pathogenesis of macrovascular disease in the human diabetic. Diabetes 

1980;29:931-42.

Gauguier D, Bihoreau MT, Ktorza A, Berthault MF, Picon L. Inheritance of diabetes 

mellitus as a consequence of gestational hyperglycemia in rats. Diabetes 1990; 39:734-39.

Gaziano JM, Buring JE, Breslow JL, et at. Moderate alcohol intake, increased high 

density lipoprotein and its sub fractions, and decreased risk of myocardial infarction. N  

Engl J  Med 1993;329:1829-34.

Gerard MJ, Klatsky AL, Siegelaub AB Friedman GD, Feldman R. Serum glucose level 

and alcohol-consumption habits in a large population. Diabetes 1977;26: 780-85.

Haffner SM, Stern MP, Hazuda HP, Pugh JA, Patterson JK. Hyperinsulinaemia in a 

population at high risk for non-insulin dependent diabetes mellitus. N  Engl J Med 

1986;315:220-24.

Haffner SM, Stern MP, Hazuda HP, Mitchell BD, Patterson JK. Cardiovascular risk 

factors in confirmed prediabetic individuals. Does the clock for coronary heart disease 

start ticking before the onset of clinical diabetes? JAMA 1990;263:2893-98.

Haffner SM, Hazuda HP, Mitchell BD, Patterson JK, Stern MP. Increased incidence of 

type II diabetes mellitus in Mexican Americans. Diabetes Care 1991; 14:102-08.

Haffner S. Prospective analysis of the insulin-resistance syndrome (Syndrome X). 

Diabetes 1992;41:715-22.

Haffner S, Mykkànen L. Bowsher R. Proinsulin, insulin and proinsulin/insulin ratio in 

nondiabetic Mexican Americans and non-Hispanic whites (Abstract). Diabetes 1994[a];43 

(Suppl. 1):151A.



228

Haffner S, Bowsher R, Hazuda HP, et al. Proinsulin and specific insulin concentration 

in high and low risk populations for NIDDM. Diabetes 1994[b]: 1490-93.

Hales CN, Barker DJP, Clark PMS, Cox LJ, Fall C, Osmond C, Winter PD. Fetal and 

infant growth and impaired glucose tolerance at age 64. Br Med J  1991;303:1019-22.

Haman RF. Diabetes in affluent societies. In: Mann JI, Pyorala K, Teuscher A, eds. 

Diabetes in Epidemiological Perspective. Edinburgh: Churchill Livingstone, 1983:7-42.

Hargreaves AD, Logan RL, Elton RA, et al. Glucose tolerance, plasma insulin, HDL- 

cholesterol and obesity: 12-year follow-up and development of coronary heart disease in 

Edinburgh men. Atherosclerosis 1992;94:61-69.

Harris MI, Hadden WC, Knowler WC, Bennett PH. Prevalence of diabetes and impaired 

glucose tolerance and plasma glucose levels in U.S. population aged 20-74 yr. Diabetes 

1987;36:523-34.

Harris MI, Klein R, Welborn TA, Knuiman MW. Onset of NIDDM occurs at least 4-7 

yr before clinical diagnosis. Diabetes Care 1992;15:815-19.

Hartz AJ, Rupley DC, Rinn AA. The association of girth measurements with disase in 

32,856 women. Am J Epidemiol 1984; 119:71-80.

Harvald B, Hauge M. Selection in diabetes in modern society. Acta Med Scand 1963; 

173: 459-65.

Hein HO, Sorensen H, Suadicani P, Gyntelberg F. The Lewis blood group-a new genetic 

marker of ischaemic heart disease. J Intern Med 1992;232:481-87.

Helmrich SP, Ragland DR, Leung RW, Paffenbarger RS: Physical activity and reduced 

occurrence of non-insulin dependent diabetes mellitus. N E nglJ Med 1991;325:147-52.



229

Hill AB. The environment and disease: association or causation? Proc R Soc Med 

1965;58:295-300.

Hilsted J, Christensen NJ. Dual effect of insulin on plasma volume and transcapillary 

albumin transport. Diabetologia 1992;35:99-103.

Himsworth HP. Diabetes mellitus: its differentiation into insulin-sensitive and insulin- 

insensitive types. Lancet 1936;i: 127-30.

Himsworth HP, Kerr RB. Insulin sensitive and insulin insensitive types of diabetes 

mellitus. Clin Sci 1939;4:119-52.

Holbrook TJ, Barrett-Connor E, Wingard DL. A prospective population-based study of 

alcohol use and non-insulin dependent diabetes mellitus. Am J Epidemiol 1990;132:902-9.

Hosker JP, Mathiews DR, Rudenski AS, et al. Diabetologia 1985;28:401-11.

Ingelfinger JA, Bennett PH, Liebow IM, Miller M. Coronary heart disease in the Pima 

Indians: electrocardiographic findings and post-mortem evidence of myocardial infarction 

in a population with a high prevalence of diabetes mellitus. Diabetes 1976;25:561-65.

Jackson WPU. Epidemiology of diabetes in South Africa. Adv MetabDis 1978;9:112-46.

Jacobs DR Jr, Mebane IE, Bangdiwala SL, Criqui MH, Tyroler HA. High density 

lipoprotein cholesterol as a predictor of cardiovascular disease mortality in men and 

women: the follow-up study of the Lipid Research Clinics prevalence study. Am J  

Epidemiol 1990:131:32-47.

Janzon L, Berntorp K, Hanson M. Lindell SE, Trell E. Glucose tolerance and smoking: 

a population study of oral and intravenous glucose tolerance test in middle-aged men. 

Diabetologia 1983;25:86-88.



230

Jarrett RJ, Keen H. Hyperglycaemia and diabetes mellitus. Lancet 1976; 2:1009-12.

Jarret RJ, Keen H, Fuller JH, McCartney M. Worsening to diabetes in men with 

impaired glucose tolerance ("borderline diabetics"). Diabetologia 1979;16:25-30.

Jarret RJ. Microvascular disease in diabetes mellitus. In: Mann JI, Pyorala K, Teuscher 

A, eds. Diabetes in Epidemiological Perspective. Edinburgh: Churchill Livingstone, 

1983:248-64.

Jarrett RJ. Type 2 (non-insulin dependent) diabetes mellitus and coronary heart disease: 

chicken, egg or neither? Diabetologia 1984;26:99-102.

Jarret RJ, Keen H, McCartney P. The Whitehall study ten year follow-up report on men 

with impaired glucose tolerance with reference to worsening to diabetes and predictors 

of death. Diabetic Med 1984:1:279-84.

Jarrett RJ. Obesity and type 2 (non-insulin dependent) diabetes. Diabetologia 

1986;29:407-8.

Jarret RJ, Shipley MJ, Hunt R. Physical activity, glucose tolerance and diabetes mellitus: 

The Whitehall Study. Diabetic Med 1986;3:549-51.

Jarrett RJ. Do we need IGT. Diabetic Med 1987;4:544-545.

Jarrett RJ. Is insulin atherogenic? Diabetologia 1988; 31:71-75.

Jarrett RJ, Shipley MJ. Type 2 (Non-Insulin-Dependent Diabetes and cardiovascular 

disease - putative association via common antecedents; further evidence from the 

Whitehall study. Diabetologia 1988:31:737-40.

Jarrett RJ. Epidemiology and public health aspects of non-insulin dependent diabetes. 

Epidemiologic Reviews 1989:11:151-71.



231

Joffe BI, Panz VR, Wing JR,Raal FJ, Seftel HC. Pathogenesis of non-insulin dependent 

diabetes mellitus in the black population of southern Africa. Lancet 1992;340:460-62.

Jones IR, Swai A, Taylor R et al. Lowering of plasma glucose concentrations with 

bezafibrate in patients with moderately controlled NIDDM. Diabetes Care 1990; 13:855-

63.

Kahn RC. Insulin action, diabetogenes, and the cause of type II diabetes. Diabetes 

1994;43:1066-84.

Kahn SE, Leonetti DL, Prigeon RL, Bergstrom RW, Fujimoto WY. Proinsulin as a 

marker for development of NIDDM in Japanese-American men (Abstract). Diabetes 

1994;43 (Suppl. 1):151A.

Kannel WB, McGee DL. Diabetes and cardiovascular disease: The Framingham Study. 

JAMA 1979[a];241:2035-8.

Kannel WB, McGee DL. Diabetes and glucose tolerance as risk factors for cardiovascular 

disease: The Framingham Study. Diabetes Care 1979[b];2:120-26.

Kawate R, Yamakido M, Nishimato Y, et at. Diabetes mellitus and its vascular 

complications in Japanese migrants to the island of Hawaii. Diabetes Care 1979;2:161-

70.

Keen H, Ashton CE, Mechanism of excess cardiovascular mortality in diabetes. Postgrad 

M e dJ  1989;65 (Suppl 1):S26-S29.

Keen H. Insulin resistance and the prevention of diabetes mellitus. N  Engl J  Med 

1994;331:1226-27.



232

King H, Rewers M. WHO Ad Hoc Diabetes Reporting group: global estimates for 

prevalence of diabetes mellitus and impaired glucose tolerance in adults. Diabetes Care 

1993;16:157-177.

Klein R, Klein BE, Coroni JC, et at. Serum uric acid: its relationship to coronary heart 

disease risk factors and cardiovascular disease, Evans County, Georgia. Arch Int Med 

1973;132:401-10.

Knotterus JA, Swaen GMH, Slangen JJM, Volovicz A, Durinck J. Haematologic 

parameters as risk factors for cardiac infarction in an occupational health care setting. J  

Clin Epidemiol 1988;41:67-74.

Knowler WC, Bennett PH, Hamman RF, Miller M. Diabetes incidence and prevalence 

in Pima Indians: A 19-fold greater incidence than in Rochester Minnesota. Am J  

Epidemiol 1978;108:497-504.

Knowler WC, Pettitt DJ, Savage PJ, et al. Diabetes incidence in Pima Indians: 

Contributions of obesity and parental diabetes. Am J  Epidemiol 1981:113; 144-56.

Knowler WC, McCance DR, Nagi DK, Pettitt DJ. Epidemiological studies of the causes 

of non-insulin dependent diabetes mellitus. In: Leslie RDG ed. Causes o f Diabetes. 

Chichester: John Wiley & Sons, 1993:187-217.

Knowler WC, Narayan KMV, Hanson RL, et al. Preventing non-insulin dependent 

diabetes. Diabetes 1995;44:483-88.

Kobberling J. Studies on the genetic heterogeneity of diabetes mellitus. Diabetologia 

1971;7:46-49.

Koivisto VA, Yki-Jarvinen H, DeFronzo RA. Physical training and insulin sensitivity. 

Diabetes Metab Rev 1988; 1:445-81.



233

Kuczmarski RJ, Flegal KM, Campbell SM, Johnson CL. Increasing prevalence of 

overweight among US adults: the National Health and Nutrition Examination Surveys, 

1960 to 1991. JAMA 1994;272:205-11.

Laakso M. How good a marker is insulin level for insulin resistance. Am J  Epidemiol 

1993;137:959-65.

Laakso M. Mechanisms of insulin resistance in NIDDM. Diabetes Reviews International 

1994;3:10-12.

Laakso M, Ronnemaa T, Lehto S, Puukka P, Kallio V, Pyorala K. Does NIDDM 

increase the risk for coronary heart disease similarly in both low-and high-risk 

populations? Diabetologia 1995;38:487-93.

LaRosa JC, Hunninghake D, Bush D, et al. The cholesterol facts: a summary of the 

evidence relating dietary fats, serum cholesterol and coronary heart disease: a joint 

statement by the American Heart Association and the National Heart, Lung, and Blood 

Institute. Circulation 1990;81:1721-33.

Laws A, Reaven GM. Insulin resistance and risk factors for coronary heart disease. In: 

Baillière’s Clinical Endocrinology and Metabolism 1993;7:1063-78.

Lichtenstein MJ, Yarnell JWG, Elwood PC, et al. Sex hormones, insulin, lipids and 

prevalent ischaemic heart disease. Am J Epidemiol 1987;126:647-57.

Lillioja S. Mott DM, Spraul M, et al. Insulin resistance and insulin secretory dysfunction 

as precursors of non-insulin-dependent diabetes mellitus. Prospective studies of Pima 

Indians. N Engl J Med 1993;329:1988-92.

MacRury SM, Lowe GDO. Blood rheology in diabetes mellitus. Diabetic Med 

1990:7:285-91.



234

Mann JI, Houston AC. The aetiology of non-insulin dependent diabetes mellitus. In: 

Mann JI, Pyorala K, Teuscher A, eds. Diabetes in Epidemiological Perspective. 

Edinburgh: Churchill Livingstone, 1983:122-166.

Manolio TA, Savage PJ, Burke GL, Liu K, Wagenknecht LE, Sidney S, et al. 

Association of fasting insulin with blood pressure and lipids in young adults: the 

CARDIA study. Arteriosclerosis 1990;10:430-36.

Manson JE, Rimm EB, Stampfer MJ, et al. Physical activity and incidence of non-insulin 

dependent diabetes in women. Lancet 1991[a];338:774-78.

Manson JE, Colditz GA, Stampfer MJ, et al. A prospective study of maturity-onset 

diabetes mellitus and the risk of coronary heart disease and stroke in women. Arch Intern 

Med 1991[b];151:1141-47.

Manson JE, Nathan DM, Krolewski AS, Stampfer MJ, Willett WC, Hennekens CH. A 

prospective study of exercise and incidence of diabetes among US male physicians. JAMA 

1992;268:63-67.

Manson JE, Willett WC, Stampfer MJ, et al. Body weight and mortality among women. 

N  EnglJ  Med 1995;333:677-85.

Marti B, Tuomilehto J, Salomaa V. Kartovaara L, Korhonen HJ, Pietinen P. Body fat 

distribution in the Finnish population: environmental determinants and predictive power 

for cardiovascular risk factor levels. J Epidemiol Commun Health 1991;45:131-37.

Martin BC, Warram JH, Krolewski AS, Bergman RN, Soeldner JS, Kahn CR. Role of 

glucose and insulin resistance in the development of type 2 diabetes mellitus: results of 

a 25-year follow-up study. Lancet 1992;340:925-29.



235

Mathiews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 

Homeostasis model assessment: insulin resistance and /3-cell function from fasting plasma 

glucose and insulin concentrations in man. Diabetologia 1985;28:412-19.

Mayer EJ, Newman B, Quesenberry Jr CP, Friedman GD, Selby JV. Alcohol 

consumption and insulin concentrations. Role of insulin in associations of alcohol intake 

with high-density lipoprotein cholesterol and triglycerides. Circulation 1993;88:2190-97.

McCance DR, Hanson RL, Charles MA, et al. Comparison of tests for glycated 

haemoglobin and fasting and two hour plasma glucose concentrations as diagnostic 

methods for diabetes. Br Med J  1994[a];307:1323-28.

McCance DR, Pettitt DJ, Hanson RL, Jacobsson LTH, Knowler WC, Bennett PH. Birth 

weight and non-insulin dependent diabetes: thrifty genotype, thrifty phenotype, or 

surviving small baby genotype? Br Med J  1994[b];308:942-45.

McCance DR, Pettitt DJ, Hanson RL, Jacobsson LTH, Knowler WC. Glucose, insulin 

concentrations and obesity in childhood and adolescence as predictors of NIDDM. 

Diabetologia 1994[c] ; 37:617-23.

McDonald GW, Fisher GF, Burnham C. Reproducibility of the oral glucose tolerance 

test. Diabetes 1965;14:473-80.

McKeigue PM, Shah B, Marmot MG. Relation of central obesity and insulin resistance 

with high diabetes prevalence and cardiovascular risk in South Asians. Lancet 

1991;337:382-86.

McKeigue PM, Pierpoint T, Ferrie JE, Marmot MG. Relationship of glucose intolerance 

and hyperinsulinaemia to body fat pattern in South Asians and Europeans. Diabetologia 

1992;35:785-91.



236

McKeigue P, Davey G. Association between insulin levels and cardiovascular disease are 

confounded by comorbidity. Diabetes Care 1995;18:1294-98.

McMonagle J, Felig P. Effects of ethanol ingestion on glucose tolerance and insulin 

secretion in normal and diabetic subjects. Metabolism 1975;24:625-32.

McPhillips JB, Barrett-Connor E, Wingard DL. Cardiovascular disease risk factors prior 

to the diagnosis of impaired glucose tolerance and non-insulin-dependent diabetes mellitus 

in a community of older adults. Am J Epidemiol 1990;131:443-53.

Medalie JH, Papiers CU, Goldbourt U, Herman JB. Major factors in the development 

of diabetes mellitus in 10,000 men. Arch Intern Med 1975;135:811-17.

Melton LJ, Palumbo PJ, Chu CP. Incidence of diabetes mellitus by clinical type. 

Diabetes Care 1983;6:75-86.

Moan A, Nordby G, Os I, Birkeland KI, Kjeldsen SE. Relationship between 

haemorrheologic factors and insulin sensitivity in healthy young men. Metabolism: 

Clinical & Experimental 1994;43:423-27.

Modan M, Or J, Karaski A, et al. Hyperinsulinemia, sex and risk of atherosclerotic 

cardiovascular disease. Circulation 1991;84:1165-75.

Mogensen CE. Microalbuminuria predicts clinical proteinuria and early mortality in 

maturity-onset diabetes. N  Engl J Med 1984;310:356-60.

Monique-Verschuren WM, Jacobs DR, Bloemberg BPM, et al. Serum total cholesterol 

and long term coronary heart disease mortality in different cultures. Twenty five-year 

follow-up of the Seven Countries study. JAMA 1995;274:131-36.



237

Mykkànen L, Kuusisto J, Pyorala K, Laakso M. Cardiovascular disease risk factors as 

predictors of type 2 (non-insulin-dependent) diabetes mellitus in elderly subjects. 

Diabetologia 1993 [a] ; 36:553-59.

Mykkànen L, Laakso M, Pyorala K. High plasma insulin level associated with coronary 

heart disease in the elderly. Am J  Epidemiol 1993[b]; 137:1190-1202.

Mykkànen L, Kuusisto J, Hales CN, Pyôràlà K, Laakso M, Haffner SM. Proinsulin 

levels are disproportionately increased in elderly prediabetic subjects (Abstract). 

Diabetologia 1994[a];37(Suppl. 1):74A.

Mykkànen L, Haffner SM, Kuusisto J, Pyôràlà K, Laakso M. Microalbuminuria precedes 

the development of NIDDM. Diabetes 1994 [b];43:552-57.

Nabarro JDN. Diabetes in the United Kingdom: some facts and figures. Diabetic 

Medicine 7988:5:816-22.

National Diabetes Data Group. Classification and diagnosis of diabetes mellitus and other 

categories of glucose intolerance. Diabetes 1979;28:1038-57.

Neel JV. Diabetes mellitus: a thrifty genotype rendered detrimental by "progress"? Am 

J Hum Genet 1962;14:353-62.

Neel JV. Diabetes mellitus. In: Neel JV, Shaw MW, Schull WJ. eds. The genetics and 

epidemiology of chronic disease. Washington: US Public Health Service publications, 

1965:105-32.

Neil HAW, Mather HM, Thompson QV, et al. The Oxford Community Diabetes Study: 

evidence for an increase in the prevalence of known diabetes in Great Britain. Diabetic 

Med 1987;4:539-43.



238

Nelson RG, S levers ML, Knowler WC, et al. Low incidence of fatal coronary heart 

disease in Pima Indians despite high prevalence of non-insulin dependent diabetes. 

Circulation 1990;81:987-95

Newman B, Selby JV, King MC, et al. Concordance for Type 2 (non-insulin-dependent) 

diabetes mellitus in male twins. Diabetologia 1987;30:763-68.

Nikkila EA, Taskinen MR. Ethanol induced alteration of glucose tolerance, post glucose 

hypoglycemia, and insulin secretion in normal, obese and diabetic subjects. Diabetes 

1975;24:33-43.

Nolan JJ, Ludvik B, Beerdsen P, Joyce M, Olefsky J. Improvement in glucose tolerance 

and insulin resistance in obese subjects treated with troglitazone. N Engl J  Med 

1994;331:1188-93.

O’Dea K. Westernisation, insulin resistance and diabetes in Australian Aborigines. Med 

J Aust 1991;155:258-64.

Ohlson LO, Larsson B, Svardsudd K, et al. The influence of body fat distribution on the 

incidence of diabetes mellitus: 13.5 years of follow-up of the participents in the study of 

men born in 1913. Diabetes 1985;34:1055-58.

Ohlsen LO. Larsson B, Bjorntorp P, et al. Risk factors for type 2 (non-insulin dependent) 

diabetes mellitus: thirteen and one half years of follow-up of the participents in a study 

of Swedish men born in 1913. Diabetologia 1988;31:798-805.

O’Rahily S, Nugent Z, Rudenski AS, et al. Beta-cell dysfunction, rather than insulin 

insensitivity, is the primary defect in familial type 2 diabetes. Lancet 1986;ii:360-64.

O’Rahilly S. Type 2 (non-insulin-dependent) diabetes mellitus. New genetics for old 

nightmares. Diabetologia 1988;31:407-14.



239

O’Rahily S, Hattersiey A, Vaag A, Gray H. Insulin resistance as the major cause of 

impaired glucose tolerance: a self-fulfilling prophesy? Lancet 1994;344:585-89.

Orchard TJ, Eichner J, Kuller LH, Becker DJ, McCallum LM, Grand its GA. Insulin as 

a predictor of coronary heart disease: interaction with Apo E phenotype. A report from 

MRFIT. Ann Epidemiol 1994;4:40-49.

Ostbye T, Welby TJ, Prior lAM, Salmond CE, Stokes YM. Type 2 (non-insulin- 

dependent) diabetes mellitus, migration and westernisation: The Tokelau Island Migrant 

study. Diabetologia 1989;32:585-90

Ostrander ED. Lamphiear DE, Blosk WD, et al. Relation of serum lipid concentrations 

to alcohol consumption. Arch Intern Med 1974;134:451-705.

Paffenbarger RS, Wing AL. Chronic disease in former college students. XII. Early 

predictors of adult-onset diabetes mellitus. Am J Epidemiol 1973;97:314-23.

Paneth N, Susser M. Early origin of coronary heart disease (the "Barker hypothesis"). 

B r M e d J  1995;310:411-12.

Papoz L, Eschwege E, Warnet J-M, Richard J-L, Claude J-R. Incidence and risk factors 

of diabetes in the Paris Prospective study (G.R.E.A.). In: Eschwege E, ed. Advances in 

Diabetes Epidemiology. Amsterdam: Elsevier Biomedical Press, 1982:113-22.

Perry IJ, Wannamethee G, Walker M, Shaper AG. Sporting activity and hyperglycaemia 

in middle-aged men. Diabetes Care 1993;16:581-83.

Perry IJ, Wannamethee SG, Whincup PH, Shaper AG. Asymptomatic hyperglycaemia 

and major IHD events in Britain. J Epidemiol Commun Health 1994;48:538-42.

Perry IJ, Beevers DG, Wh incup PH, Bearford D. Predictors of ratio of placental weight 

to foetal weight in multiethnic community. Br Med J  1995;310:436-9.



240

Phillips AN. Statistical issues in prospective studies o f risk factors for ischaemic heart 

disease. PhD London, 1986.

Phillips AN, Shaper AG, Pocock SJ, Walker M. The role of risk factors in heart attack 

occurring in men with pre-existing IHD. Br Heart J  1988;60:404-10.

Phillips AN, Davey-Smith G. How independent are "independent" effects? Relative risk 

estimation when correlated exposures are measured imprecisely. J Clin Epidemiol 

1991;44:1223-31.

Phillips DIW, Barker DJP. The thrifty phenotype hypothesis. In: Leslie RDG ed. Causes 

of Diabetes. Chichester: John Wiley & Sons, 1993:291-304.

Pimenta W, Korytkowski M, Mitrakou A, et al. Pancreatic Beta-cell dysfunction as the 

primary genetic lesion in NIDDM. Evidence from studies in normal glucose-tolerant 

individuals with a first degree NIDDM relative. JAMA 1995;273:1855-61.

Pocock SJ, Delves HT, Ashby D, Shaper AG, Clayton BE,. Blood cadmium 

concentrations in the general population of British middle-aged men. Hum Toxicol 

1988;7:95-103.

Pocock SJ, Ashby D, Shaper AG, Walker M, Broughton PMG: Diurnal variations in 

serum biochemical and haematological measurements. J Clin Path 1989;42:172-79.

Popper KR. The logic o f scientific discovery. New York: Harper & Row, 1965.

Prentice AM, Jebb SA. Obesity in Britain: gluttony or sloth? Br Me dJ  1995;311:437-39.

Pyorala K. Relationship of glucose tolerance and plasma insulin to the incidence of 

coronary heart disease: results from two population studies in Finland. Diabetes Care 

1979:2:131-41.



241

Pyôràlà K, Laakso M. Macrovascular disease in diabetes mellitus. In: Mann JI, Pyôràlà 

K, Teuscher A, eds. Diabetes in Epidemiological Perspective. Edinburgh: Churchill 

Livingstone, 1983:183-247.

Pyôràlà K, Savolainen E, Kaukola S, Haapakoski J. Plasma insulin as coronary heart 

disease risk factor: relationship to other risk factors and predictive value during 9V2 year 

follow-up of the Helsinki Policemen Study population. Acta Med Scand 

1985;701(suppl):38-52.

Ramachandran A, Jali MV, Mohan V, Snehalatha C, Viswanathan M. High prevalence 

of diabetes in an urban population in south India. Br Med J  1988;297:587-90.

Razay G, Heaton KW, Bolton CH, Hughes AO. Alcohol consumption and its relation to 

cardiovascular risk factors in British women. Br Med J  1992;304:80-83.

Reaven GM, Hoffman BB. A role for insulin in the aetiology and course of hypertension? 

Lancet 1987; ii: 435-37.

GM. Role of insulin resistance in human disease. Diabetes 1988;37:1595-606.

Reaven GM. Syndrome X: 6 years later. J Intern Med 1994;236 (Suppl 736): 13-22.

Reed D, Labarthe D, Stallones R, Brody J. Epidemiological studies of serum glucose 

levels among Micronesians. Diabetes 1973;22:129-36.

Rewers M. Shetterly SM, Baxter J, et al. Insulin and cardiovascular disease in Hispanics 

and non-Hispanic whites (NHW): the San Luis Valley Diabetes Study. (Abstract) 

Circulation 1992:85:865.

Riccardi G, Vaccoro O. Rivellese A, et al. Reproducibility of the new diagnostic criteria 

for impaired glucose tolerance. Am J Epidemiol 1985; 121;422-429.



242

Rimm EB, Manson JE, Stampfer MJ, et al. Cigarette smoking and the risk of diabetes 

in women. Am J Public Health 1993;83:211-14.

Rimm EB, Chan J, Stampfer MJ, Colditz GA, Willett WC. Prospective study of cigarette 

smoking, alcohol use, and the risk of diabetes in men. Br Med J  1995;310:555-59.

Rose G. Sick individuals and sick populations. Int J  Epidemiol 1985;14:32-38.

Rose G, Shipley M. Plasma cholesterol concentration and death from coronary heart 

disease: ten year results of the Whitehall Study. Br Med J  1986;293:306-07.

Rossini AA, Mordes JP, Handler ES. Perspectives in Diabetes, Speculations on etiology 

of diabetes mellitus: Tumbler Hypothesis. Diabetes 1988;37: 257-61.

Rothman KJ. Modem epidemiology. Boston: Little, Brown and company, 1986.

Royal College of Physicians. Medical aspects o f exercise: benefits and risks. London: 

Royal College of Physicians, 1991.

Saad ME, Lillioja S, Nyomba BL, et al. Racial differences in the relation between blood 

pressure and insulin resistance. N  Engl J  Med 1991;324:733-39.

Salonen JT. Non-insulin-dependent diabetes and ischaemic heart disease. Br Med J  

1989;298:1050-51.

Sato Y, Shiraishi S. Oshida Y, Ishiguro T, Sakamoto N. Experimental atherosclerosis­

like lesions induced by hyperinsulinism in Wistar rats. Diabetes 1989;38:91-96.

Savage PJ. Saad ME. Insulin and atherosclerosis: villain, accomplice, or innocent 

bystander? Br Heart J  1993;69:473-75.



243

Schneider SH, Amorosa LF, Khachadurian AK, Ruderman NB. Studies on the 

mechanism of improved glucose control during regular exercise in Type 2 (non-insulin 

dependent) diabetes. Diabetologia 1984;26:355-60.

Shaper AG, Pocock SJ, Walker M, Cohen NM, Wale CJ, Thomson AG. The British 

Regional Heart Study: cardiovascular risk factors in middle-aged men in 24 towns. Br 

M e d J  1981;283 :179-86.

Shaper AG, Cook DG, Walker M, Macfarlane PW. Prevalence of ischaemic heart disease 

in middle-aged British men. Br Heart J  1984;51:595-605.

Shaper AG, Pocock SJ, Walker M, Phillips AN, Whitehead TP, Macfarlane PW. Risk 

factors for ischaemic heart disease: the prospective phase of the British Regional Heart 

Study. J Epidemiol Commun Health 1985 [a];39:197-209.

Shaper AG, Pocock SJ, Ashby D, Walker M, Whitehead TP. Biochemical and 

haematological response to alcohol intake. Ann Clin Biochem 1985 [b];22:50-61.

Shaper AG. Coronary heart disease: risks and reasons. London: Current Medical 

Literature, 1988.

Shaper AG, Wannamethee G, Walker M. Alcohol and mortality: explaining the U-shaped 

curve. Lancet 1988;ii: 1268-73.

Shaper AG. Alcohol and mortality: a review of prospective studies. Br J  Addiction 

1990;85:837-47.

Shaper AG, Phillips AN, Pocock SJ, Walker M, Macfarlane PW. Risk factors for stroke 

in middle-aged British men. B r M e d J  1991;302:1111-15.

Shaper AG, Wannamethee G. Physical activity and ischaemic heart disease in middle- 

aged British men. Br Heart J  1991;66:384-94.



244

Shaper AG, Wannamethee G, Walker M. Alcohol and coronary heart disease: a 

perspective from the British Regional Heart Study. Int J Epidemiol 1994;23:482-94.

Shinokata H, Muller DC, Andres R. Studies in the distribution of body fat. JAMA 

1989;261:1169-73.

Sicree RA, Zimmet PZ, King HOM, Coventry JS. Plasma insulin response among 

Nauruans: prediction of deterioration in glucose tolerance over 6 yr. Diabetes 

1987;36:179-86.

Simmons D, Williams DRR, Powell, MJ. Prevalence of diabetes in a predominantly 

Asian community: preliminary findings of the Coventry diabetes study. Br Med J  

1989;298:18-21.

Singh RB, Niaz MA. Coronary risk factors in Indians. Lancet 1995;346:772-73.

Skarfors ET, Selinus KI. Lithell HO. Risk factors for developing non-insulin dependent 

diabetes: a 10 year follow-up of men born in Uppsala. Br Med J  1991;303:755-60.

Smith S, Julius S, Jamerson K, Amerena J, Schork N. Haematocrit levels and physiologic 

factors in relationship to cardiovascular risk in Tecumseh, Michigan. J Hypertens 

1994;12:455-62.

Soman VR. Koivisto VA. Deibert D. Felig P, DeFronzo RA. Increased insulin sensitivity 

and insulin binding to monocytes after physical training. N EnglJ Med 1979; 301:1200- 

04.

Spelsberg A. Manson JE. Towards prevention of non-insulin dependent diabetes mellitus. 

In: Leslie RDG ed. Causes of Diabetes. Chichester: John Wiley & Sons, 1993:319-45.



245

Stamler R, Stamler J. Asymptomatic hyperglycaemia and coronary heart disease. A series 

of papers by the International Collaborative Group based on studies in 15 populations. 

Joint Discussion. J Chron Dis 1979;32:829-37.

Stampfer MJ, Colditz GA, Willett WC, et al. A prospective study of moderate alcohol 

drinking and risk of diabetes in women. Am J Epidemiol 1988; 128(3): 549-58.

Stern MP, Gonzalez C, Mitchell BD et al. Genetic and environmental of type II diabetes 

in Mexico City and San Antonio. Diabetes 1992;41:484-92.

Stern MP. Diabetes and cardiovascular disease: the common soil hypothesis. Diabetes 

1995;44:369-74.

Stewart MW, Laker MF, Alberti KGMM. The contribution of lipids to coronary heart 

disease in diabetes mellitus. J Intern Med 1994;236 (Suppl 736):41-46.

Stolk RP, Grobbee DE, Orchard TJ. Why use the oral glucose tolerance test? Diabetes 

Care 1995;18:1045-49.

Stout RW. Insulin and atheroma. 20-yr perspective. Diabetes Care 1990;13:631-54.

Suzuki T, Yamauchi K, Yamada Y, et al. Blood coagulability and fibrinolytic activity 

before and after physical training during the recovery phase of acute myocardial 

infarction. Clinical Cardiology 1992;15:358-64.

Taylor R, Zimmet P. Migrant studies in diabetes epidemiology. In: Mann JI, Pyorala K, 

Teuscher A. eds. Diabetes in Epidemiological Perspective. Edinburgh: Churchill 

Livingstone, 1983:58-77.

Taylor R, Ram P, Zimmet P, et al. Physical activity and prevalence of diabetes in 

Melanesian and Indian men in Fiji. Diabetologia 1984;27:578-82.



246

Taylor SI, Accili D, Imai Y. Insulin resistance or insulin deficiency: which is the primary 

cause of NIDDM? Diabetes 1994;43:735-40.

Temple RC, Carrington CA, Luzio SD, et al. Insulin deficiency in Non-Insulin- 

Dependent Diabetes. Lancet 1989;i:293-95.

Thiebaud D, DeFronza RA, Jacot E, et al. Effect of long chain triglyceride infusion on 

glucose metabolism in man. Metabolism 1982;31:1128-36.

Tibblin G, Bergentz SE, Bjure J, et al. Hematocrit, plasma protein, plasma volume and 

viscosity in early hypertensive disease. Am Heart J  1966;72:165-176.

Tuomilehto-Wolf E, Tuomilehto J, Hitman GA, Nissinen A, Stengard J, Pekkanen J. 

Genetic susceptibility to non-insulin dependent diabetes mellitus and glucose intolerance 

are located in HLA region. Br Med J  1993;307:155-9.

The University Group Diabetes Program. Effects of hypoglycemic agents on vascular 

complications in patients with adult-onset diabetes. Diabetes 1982;31 (suppl 5): 1-77.

Valdez R, Athens MA, Thompson GH, Bradshaw BS, Stern MP. Birth weight and adult 

health outcomes in a biethnic U.S. population. Diabetologia 1994;37:624-31.

Walker M, Alberti KGMM. Syndrome X. In: Leslie RDG ed. Causes o f Diabetes. 

Chichester: John Wiley & Sons, 1993:305-18.

Walker M, Shaper AG. Follow-up of subjects in prospective studies in general practice. 

J  R Coll Gen Pract 1984:34: 197-209.

Walker M. Shaper AG. Phillips AN. Cook DG. Short stature, lung function and risk of 

a heart attack. Int J Epidemiol 1989:18:602-06.



247

Walston J, Silver K, Bogardus C, et al. Time of onset of non-insulin dependent diabetes 

mellitus and genetic variation in the jSg-adrenergic-receptor gene. N  Engl J  Med 

1995;333:343-47.

Wannamethee G, Shaper AG. Physical activity and stroke in middle-aged British men. 

B r M e d J  1992;304:597-601.

Wannamethee G, Shaper AG, Macfarlane PW. Heart rate, physical activity, and mortality 

from cancer and other noncardiovascular diseases. Am J Epidemiol 1993;137:735-48.

Wannamethee G, Shaper AG, Whincup PH. Ischaemic heart disease: association with 

haematocrit in the British Regional Heart Study. J Epidemiol Comm Health 

1994[a];48:112-118.

Wannamethee G, Perry IJ, Shaper AG. Haematocrit, hypertension and risk of stroke. 

J Intern Med 1994[b];235:163-68.

Wannamethee G, Shaper AG. Haematocrit: relationships with blood lipids, blood 

pressure and other cardiovascular risk factors. Thrombosis and Haemostasis 1994;72:58-

64.

Warne DK, Charles MA, Hanson RL et al. Comparison of body size measurements as 

predictors of NIDDM in Pima Indians. Diabetes Care 1995;18:435-39.

Warram JH, Martin BC, Krolewski AS, Soeldner JS, Kahn R. Slow glucose removal rate 

and hyperinsulinemia precede the development of type 2 diabetes in the offspring of 

diabetic parents. Ann Int Med 1990;113:909-15.

Weir GC. Which comes first in non-insulin dependent diabetes: insulin resistance or Beta 

cell failure? Both come first. JAMA 1995;273:1878-79.



248

Welborn TA, Wearne K. Coronary heart disease incidence and cardiovascular mortality 

in Busselton with reference to glucose and insulin concentrations. Diabetes Care 

1979;2:154-60.

Welin L, Eriksson H, Larsson B, et al. Hyperinsulinemia is not a major coronary risk 

factor in elderly men: the study of men born in 1913. Diabetologia 1992;35:766-70.

West KM. Epidemiological evidence linking nutritional factors to the prevalence and 

manifestations of diabetes. Acta Diabetol Lat 1972; 9(Suppl):405-28.

Westlund K, Nicolaysen R. Ten-year mortality and morbidity related to serum 

cholesterol. Scand J  Clin Lab Invest 1972; 30 Suppl 127): 1-24.

WHO Expert Committe on Diabetes Mellitus. Second Report. Technical Report Series 

646, Geneva, WHO, 1980.

WHO Study Group. Report on Diabetes Mellitus. Technical Report Series 727. Geneva: 

WHO, 1985.

Widen E, Lehto M,Kanninen T, Walston J, Shuldiner AR, Groop LC. Association of a 

polymorphism in the ^^-adrenergic-receptor gene with features of the insulin resistance 

syndrome in Finns. N Engl J Med 1995;333:348-51.

Williams DRR, Byrne C, Clark PMS, et al. Raised proinsulin concentration as early 

indicator of ^  cell dysfunction. Br Med J  1991;303:95-6.

Williams R. Diabetes mellitus. In: Stevens A, Raftery J, eds. Health care needs 

assessments. Volume 1. London: Radcliffe Medical Press, 1994.

Williams DR. Wareham NJ, Brown DC, et al. Undiagnosed glucose intolerance in the 

community: the Isle of Ely Diabetes Project. Diabetic Med 1995;12:30-35.



249

Wills RE, Merrill EW. Influence of flow properties of blood upon viscosity-haematocrit 

relationships. J Clin Invest 1962;41:1591-8.

Wilson PW, McGee DL, Kannel WB. Obesity, very low density lipoproteins, and 

glucose intolerance over fourteen years: The Framingham Study. Am J  Epidemiol 

1981;114:697-704.

Wilson PWF, Anderson KM, Kannel WB. Epidemiology of diabetes mellitus in the 

elderly. Am J Med 1986;80 (Suppl 5A):3-9.

Wingard DL, Barrett-Connor EL, Ferrara A. Is insulin really a heart disease risk factor? 

Diabetes Care 1995;18:1299-04.

Wittels EH, Gotto AM. Clinical features of ischaemic heart disease in diabetes mellitus. 

In: Alberti KGMM, DePronza RA, Keen H, Zimmet P, eds. International textbook of 

Diabetes Mellitus. New York: John Wiley & Sons, 1992:1487-1507.

Yalow RS, Berson SA. Immunoassay of endogenous plasma insulin in man. J Clin Invest 

1960;39:1157-75.

Yarnell JWG, Sweetnam PM, Marks V, Teale JD, Bolton CH. Insulin in ischaemic heart 

disease: are associations explained by triglyceride concentrations? The Caerphilly 

prospective study. Br Heart J  1994;71:293-96.

Yudkin JS, Forrest RD, Jackson CA. Microalbuminuria as a predictor of vascular disease 

in non-diabetic subjects. Lancet 1988;2:530-33.

Yudkin JS, Alberti KGMM, McLarty DG, Swai ABM. Impaired glucose tolerance. Br 

M edJ  1990;301:397-401.

Yudkin JS. How can we best prolong life? Benefits of coronary risk factor reduction in 

non-diabetic and diabetic subjects. Br Med J  1993;306:1313-18.



250

Zavaroni I, Dall’Anglio E, Alphi O, et al. Evidence for an independent relationship 

between plasma insulin and concentration of high density lipoprotein cholesterol and 

triglyceride. Atherosclerosis 1985;55:259-66.

Zavaroni I, Bonora E, Pagliara M, et at. Risk factors for coronary heart disease in 

healthy persons with hyperinsulinemia and normal glucose tolerance. N  Engl J  Med 

1989;320:702-06.

Zierler KL. Theory of the use of arteriovenous concentration differences for measuring 

metabolism in steady and nonsteady states. J Clin Invest 1961;40:2111-25.

Zimmet P, Taft P. Guinea A, et al. The high prevalence of diabetes mellitus on a Central 

Pacific Island. Diabetologia 1977; 13:111-15.

Zimmet P. Type 2 (Non-Insulin-Dependent) Diabetes- An epidemiological overview. 

Diabetologia 1982:22:399-411.

Zimmet P. Non-insulin-dependent (Type 2) diabetes mellitus: Does it really exist? 

Diabetes Med 1989:6:728-735.

Zimmet P, Dowse 0 . Finch C, Serjeantson S, King H. The epidemiology and natural 

history of NIDDM-lessons from the South Pacific. Diabetes Metab Rev 1990;6:91-124.

Zimmet P, O’Dea K. Thrifty genotypes. In: Leslie RDG ed. Causes o f Diabetes. 

Chichester: John Wiley & Sons, 1993:269-90.

Zimmet PZ. The pathogenesis and prevention of diabetes in adults: genes, autoimmunity, 

and demography. Diabetes Care 1995;18:1050-64.



251

APPENDIX 1

THE BRITISH REGIONAL HEART STUDY 

BASELINE QUESTIONNAIRE



REGION/ILI 
H M R I 

STUDY

THIS IS A MEDICAL RESEARCH SURVEY 

ALL THE INFORMATION IS CONFIDENTIAL

PERSONAL HEALTH RECORD

All  t h e  i n f o r m a t io n  r ec o r d e d  in  t h i s  p e r s o n a l  h e a l t h  r e c o r d  w i l l  be 

t r e a t e d  as  s t r i c t l y  c o n f i d e n t i a l  and w i l l  be a v a i l a b l e  on ly  t o  yo u r  own 

d o c t o r  and th e  Regional  H e a r t  Study team. The r e s u l t s  o f  t h e  a n a l y s i s  

o f  yo u r  r e p l i e s  to  t h e  q u e s t i o n n a i r e  and th e  p h y s i c a l  measurements  made 

w i l l  be used by y o u r  own d o c to r  as  p a r t  o f  t h e  i n d i v i d u a l  h e a l t h  c a re  

which he p r o v id e s  f o r  you.  The r e s u l t s  o f  t h e  r e s e a r c h  i n v o l v i n g  a l l  

t he  men t a k i n g  p a r t  in  the  s tu d y  wi 11 a p p e a r  on ly  in  t h e  form o f  g e n e ra l  

s t a t i s t i c s  from which i t  w i l l  be im p o s s ib l e  to  i d e n t i f y  you as  an 

i n d i v i d u a l .

I f  you have any q u e s t i o n s  o r  problems a bou t  any o f  t h e  p r o c e d u r e s  i n c l u d e d  

in  y o u r  e x a m i n a t i o n ,  do no t  h e s i t a t e  t o  ask the  members o f  t h e  Study 

team.

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

TO IMPROVE THE HEALTH OF MEN THROUGHOUT THE COUNTRY.

O



S e r i a l  Number 

Card Number 

Date o f  S c ree n ing  

Time o f  Sc ree n in g

1. GENERAL

What i s  you r  d a t e  o f  b i r t h ?  Day

Month 

Year 19

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

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

Count ry .............................................

1 .2  How many y e a r s  have you l i v e d  w i t h i n  10 m i l e s  o f  t h i s  town?

I f  you have moved to  t h i s  a r e a  w i t h i n  t h e  l a s t  f i v e  y e a r s , 

where d id  you move from? .........................................................................

1 .3  What i s  yo u r  m a r i t a l  s t a t u s ? S i n g l e  1 

M arr ied  2 

Widowed 3 

O ther  4

1.4  How many c h i l d r e n  do you have?

<5 y r s .  

5-10 y r s . 

11-16 y r s .  

^16  y r s .

2. YOUR FATHER

2.1 Where was your  Town ...............................................
f a t h e r  born? coun ty  ...............................................

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

2 .2  Is  yo u r  f a t h e r  a l i v e ?  (Y/N)

2 .3  How o ld  i s  he now? /  How o ld  was he when he d ied?

y e a r s

M

y e a r s

21
23

25

27

29

30

32

34
35

38



2 -

I f  you r  f a t h e r  has d i e d ,  what  were you t o l d  was the  cause  of  

h i s  d e a th ?  H ea r t  t r o u b l e  1

High blood p r e s s u r e  2

S t ro k e  3

R e s p i r a t o r y  d i s e a s e  4

Cancer  o f  lung 5

O the r  c a n c e r  ............................... 5

A c c iden t  o r  i n j u r y  7

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

D o n ' t  know 9

YOUR MOTHER

Where was yo u r  Town.......... .............................................
m o th er  bo rn?  coun ty  .............................................

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

Is  yo u r  mothe r  a l i v e ?  (Y/N)

How o l d  i s  she now? /  How o ld  was she when she d ied?

I f  y o u r  mother  has d i e d ,  what were you t o l d  was the cause  o f  

h e r  d e a th ?  H ear t  t r o u b l e  1

High blood p r e s s u r e  2

S t ro k e  3

R e s p i r a t o r y  d i s e a s e  4

Cancer  o f  b r e a s t  5

Other  c a n c e r  ............................... 6

A cc iden t  o r  i n j u r y  7

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

D on ' t  know 9

OCCUPATION

What i s  you r  p r e s e n t  job?  ......................................................................

I f  employed go to  q u e s t i o n  4 .4

I f  you a r e  unemployed, f o r  how long has t h i s  been? <̂ 6 weeks 1

6wk.-5mo. 2 

6 m o . - l y r .  3 

^ 1  y e a r  4

45

46
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4 .3  Is  t h i s  because o f  i l l  h e a l t h ?  (VN)

4 .4  What kind o f  work have you done f o r  the l o n g e s t  p e r io d

of  t ime? ..................................................................................................

4 .5  What bu s in e s s  o r  i n d u s t r y  i s  t h i s ?

4 .6  How many y e a r s  have you done t h i s  kind o f  work?

4 .7  Are/were you:

SELF-EMPLOYED with 25 o r  more employees 1

wi th  l e s s  than  25 employees 2

w i th o u t  employees 3

MANAGER o f  25 o r  more peop le  4

o f  l e s s  than 25 pe op le  5

FOREMAN .............................................................. 6

ORDINARY EMPLOYEE............................................................  7

ARMED SERVICES ..............................................................  8

5. SEVERE CHEST PAIN

5.1 Have you ever  had a s evere  pain in your  c h e s t  l a s t i n g  f o r  

h a l f  an hour  o r  more? (Y/N)

I f  NO, go to  q u e s t i o n  6 .

5.2  Where d id  you g e t  t h i s  s evere  pain?

(Show c h a r t . )

5 .3  Did you see a d o c to r  because o f  t h i s  pain?  (Y/N)

y e a r s

47

48

50

51

52

55

6. CHEST PAIN

6.1 Do you eve r  have any pain  o r  d i sc o m fo r t  in  your  c h e s t ?  (Y/N) 

I f  NO, go to  q u e s t i o n  7.

6 . 2  When l a s t  did you g e t  the pain? Within 1 month 1 

1-5 months ago 2 

6-12 months a io  3 

Over 1 y e a r  ago 4 

O c c a s io n a l ly  5

56

57
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6.3 Hov; o f t e n  do you g e t  i t ? Dai ly  1

Weekly 2

Monthly 3

Once on ly  4

O c c a s io n a l l y  5

6 .4  Where do you g e t  t h i s  pa in  or  d i sc o m fo r t ?

(Show c h a r t . )

6 .5  When you walk a t  an o r d in a r y  pace on the  l e v e l ,  does t h i s  

produce the  pa in? (Y/N)

6 .6  When you walk u p h i l l  o r  h u r ry ,  does t h i s  produce the  

pa in? (Y/N)

6.7  When you g e t  any pa in o r  d i sc o m fo r t  in  your  c h e s t  on

wa lk in g ,  what do you do? Stop 1

Slow down 2

Continue a t  the same pace 3

6.8  Does the  pa in  o r  d i sc o m fo r t  in your  c h e s t  go away i f  you 

s t a n d  s t i l l ?  (Y/N)

6.9 How long does i t  t ake  to  go away? 10 minu tes  o r  l e s s  1 

More than 10 minutes  2

59

63

64

65

66

7. PHLEGM, COUGH AND BREATHING

7.1 Do you u s u a l l y  b r ing  up phlegm ( s p i t )  from your  c h e s t  

f i r s t  t h ing  in the  morning in the  w in t e r ?  (Y/N)

I f  NO, go to  q u e s t i o n  7 . 4 .

I  7.2 Do you b r ing  up phlegm l i k e  t h i s  on most days f o r  as  much

as 3 months in the  w i n t e r  each y e a r?  (Y/N)

7 .3  In the p a s t  3 y e a r s  have you eve r  had a p e r iod  o f  i n c r e a s e d

cough and phlegm l a s t i n g  3 weeks o r  more?

Yes, once

Yes, tw ice  o r  more

Never

7 .4  Does your  c h e s t  sound wheezy or  w h i s t l i n g  on most days 

(o r  n i g h t s ) ?  (Y/N)

67

68

69

'7u
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7.5  Does the weathe r  a f f e c t  your  b r e a t h in g ?

And i f  so ,  a t  what season o f  the  y e a r  i s  i t  most  a f f e c t e d ?

Not a f f e c t e d  1 

Winter  2

Summer 3

Both 4

71

BREATHLESSNESS

Do you g e t  s h o r t  o f  b r e a t h  walking with peop le  your  own 

age on l e v e l  ground? (Y/N)

On walking up h i l l s  o r  s t a i r s ,  do you g e t  more b r e a t h l e s s  

than  people  your  own age? (Y/N)

Do you e v e r  have to  s top  walking because o f  b r e a t h l e s s n e s s ?

(Y/N)

72

73

74

S.E.G.

Soc ia l  C lass  

A c t i v i t y  Score

75

77

78



9.

9.1

10.

10.1

- 6 -

S e r i a l  Number 

Card Number

LEG PAIN

Do you e ve r  g e t  pa in in  your  c a l f  muscles  on walk ing  a t  an 

o r d i n a r y  pace ,  on the  l e v e l ?  (Y/N)

Do you g e t  pa in  in  your  c a l f  muscles when you walk 

u p h i l l  o r  hur ry?  ^y/l\

MEDICAL HISTORY

Have you ever  been t o l d  by a d o c to r  t h a t  you have, or have 

had,  any o f  the  fo l lowing?

Angina

Heart  a t t a c k

Coronary thrombosis

Myocardial  i n f a r c t i o n

Other h e a r t  t r o u b l e

High blood p re s s u re

St roke

Diabe tes

P e p t ic  u l c e r

Gout

Gall b ladde r  d i s e a s e  

Thyroid d i s e a s e  

A r t h r i t i s  

B r o n c h i t i s  

Asthma

Other c o n d i t i o n ( s )  

i nc lu d in g  surgery  ___

( Y / N )
( Y / N )
( Y / N )
( Y / N )
( Y / N )
( Y / N )
( Y / N )
( Y / N )
( Y / N )
( Y / N )
( Y / N )
( Y / N )
( Y / N )
( Y / N )
( Y / N )

( Y / N )

10.2 Are you on any r e g u l a r  medical t r e a tm e n t  from a d o c to r  f o r  

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

I f  NO, go to q u e s t io n  1 0 .3 .

Do you know i f  the pi 11 s / m e d i c i n e s / i n j e c t i o n s  a r e ; -

II 
1*
15

16 

17

I 19

I a

uI  22

i  23 

ZU
25

26

27

28

: 29

Tranqui l  1i z e r s (Y/N) ' 30

Pain k i l l e r s (Y/N)
'
! 31

Anti h y p e r t e n s iv e  drugs (Y/N) 1 32

A nt icoagu lan ts (Y/N) , 33

Lipid lowering drugs (Y/N) 34
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Oral a n t i d i a b e t i c s  (Y/N)

I n j e c t i o n  o f  i n s u l i n  (Y/N)

Any o t h e r s  (Y/N)

Don ' t  know (Y/N)

10.3 Have you t aken  any o f  these  in  the  l a s t  48 hours?

T r a n q u i l l i z e r s  (Y/N)

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

Anti h y p e r t e n s iv e  drugs  (Y/N)

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

Lip id  lowering  drugs  (Y/N)

Oral a n t i d i a b e t i c s  (Y/N)

I n j e c t i o n  o f  i n s u l i n  (Y/N)

Any o t h e r s  (Y/N)

D on ' t  know (Y/N)

35
36
37

38

39

40
41

42

43

44

45

46

47

1 1 .

1 1 . 1

DIET & ALCOHOL

How many t imes du r in g  an average  week would you have the  

fo l low ing  foods?

Meat ( in c lu d in g  b e e f ,  lamb, po rk ,  bacon in 
any form)

Chicken

Fish

Eggs - how many eggs do you e a t  in  a week?

Cheese - how o f t e n  do you e a t  c h e e s e ,  
inc lud ing  cheese  d i sh e s ?

B r e a k fa s t  c e r e a l s  - how o f t e n  do you e a t  
these  ( p o r r id g e  i n c l u d e d )?  S t a t e  
kind

11.2 What kinds  of  bread  do you e a t? White

Brown

Wholemeal

Other

11.3 Spreading f a t s :  What kinds do you use a t  home?

B u t t e r

( Y / N )
( Y / N )
( Y / N )

( Y / N )

( Y / N )

l Y / N )

1 1 .4  Do you t ake  sugar?

Margarine 

( S t a t e  kind o r  brand name.)

In t e a  (Y/N)

(Y/N) 

(Y/N)

In c o f f e e  

In o t h e r  d r in k s

48

50

52

54

56

58

60

61

62

63

64

65

66

67

68



11.5 Do you use milk? On c e r e a l s  (Y/N)

In tea  (Y/N)

In c o f fee  (Y/N)

As a milk d r ink  (Y/N)

11.6 ( i )  Would you descr ibe  your p resen t  a lcohol  in take  as:

None 1

On spec ia l  occas ions  only 2 

Once or  twice a month 3

Weekends 4

Daily/most  days 5

I f  NONE, go to ques t ion  12.

( i i )  What type of  dr ink  do you u s u a l ly  take?

Beer 1

S p i r i t s  2

Wine/sherry 3

Mixed beer  & s p i r i t s  4

Mixed b e e r ,  s p i r i t s ,  c
wine and sherry

( i i i )  How much do you usua l ly  take?

2 dr inks  a day or  l e s s  1

3-6 dr inks  a day 2

More than 6 dr inks  a day 3

(One dr ink  i s  a s in g l e  whisky, gin or  brandy, a g l a s s  of 
wine,  she rry  or  por t  or h a l f  a p i n t  of  b e e r . )

69

70

71

72

73

74

75

A' c '
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12.3

S e r i a l  Number 

Card Number

12. SMOKING

12.1 ( i )  Do you smoke a t  p resen t?

I f  NO, go to  q u e s t i o n  12.6

Yes, r e g u l a r l y  1 

No 2

O c c a s io n a l ly  3

( i i )  How o ld  were you when you s t a r t e d ?

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

( i v )  I f  y e s ,  what i s  the  maximum t ime f o r  which you have

given up smoking?

( i )  Do you smoke c i g a r e t t e s  now? Yes, r e g u l a r l y  1

No 2

O c c a s io n a l ly  (<1 day) 3

I f  NO, o r  OCCASIONALLY, go to  q u e s t i o n  1 2 . 3 .

( i i )  How many c i g a r e t t e s  do you u s u a l l y  smoke a day?

( i i i )  I f  hand r o l l e d ,  how much tobacco  do you use a week?
( o z s . )

Now proceed to  1 2 . 4 .

( i )  Were you p r e v io u s ly  a r e g u l a r  c i g a r e t t e  smoker?(Y/N)

( i i )  I f  y e s ,  how many c i g a r e t t e s  did you u s u a l l y  smoke 

a day?

( i i i )  At what age did you change to  a p ipe  a n d /o r  c i g a r s ?

12 .4  ( i )  Do you smoke a pipe now? Yes, r e g u l a r l y  1 

No 2

O c c a s io n a l ly  3

I f  NO, o r  OCCASIONALLY, go to que s t io n  1 2 . 5 .

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

12.5  ( i )  Do you smoke c i g a r s  now? Yes, r e g u l a r l y  1

No 2

O c c a s io n a l ly  3

( i i )  I f  YES, how ma,,y c i g a r s  do you smoke a day? Large

Smal 1

I f  you smoke ANYTHING c u r r e n t l y ,  go to  q u e s t io n  13.

y e a r s□
y e a r s

ozs .

y e a r s

oz s .

0 3

11

12

14

15

17

18

20

22

23

25

27

28

30

31

33
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( i )  Have you eve r  smoked f o r  more than  1 month? (Y/N) 

How much did you u s u a l l y  smoke

C i g a r e t t e s  ( p e r  day) 

Pipe (ozs )  (p e r  week) 

C iga rs  ( p e r  day) Large 

Small

I f  NO, go to  que s t io n  13 .

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

( i i i )  At what age did you f i n a l l y  s to p  smoking?

( i v)  What was the  maximum time between t h e s e  two ages 

f o r  which you gave up smoking?

□

y e a rs

y e a r s

y e a r s

35

36 

38 

40 

42

44

46

48

13.

13.1

13 .2

EXERCISE

( i )

( i i )

Do you u s u a l l y  walk o r  c y c le  in  t h e  c ourse  o f  your  

j o u rn e y s  to  o r  from work each day? No 1

Walk 2 

Cycle  3

I f  YES, how many minutes  do th e s e  j o u rn e y s  t ake?

Apar t  from your  jo u rneys  to  o r  from work,  do you

u s u a l l y  walk o r  cyc le  on weekdays? No 1

Walk 2 

Cycle  3

I f  YES, how many minutes  do you w a l k / c y c l e  each day?

( i i i ) Would you say t h a t  in your  occupa t ion  you a r e  

p h y s i c a l l y :  Very a c t i v e  1

F a i r l y  a c t i v e  2 

Average 3

F a i r l y  i n a c t i v e  4 

Very i n a c t i v e  5

On a v e ra g e ,  a man of  your  age spends 4 hours on most 

v/eekends on some of  the fo l lowing  a c t i v i t i e s :  wa lk in g ,

g a rd e n in g ,  household ch o re s ,  DIV p r o j e c t s .

Compared to  such a man, how p h y s i c a l l y  a c t i v e  do you 

c o n s id e r  y o u r s e l f ?  Very a c t i v e

F a i r l y  a c t i v e  

Average 

F a i r l y  i n a c t i v e  4 

Very i n a c t i v e  5

mins

mins

50

51

53

54

56

57
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13.3 Apart  from th es e  a c t i v i t i e s ,  do you t ak e  a c t i v e  phys ica l

e x e r c i s e ,  e . g .  runn ing ,  d i g g in g ,  swimming, t e n n i s ,  g o l f ,  

s a i l i n g ,  e t c .  No 1

O c c a s io n a l ly  2 

F re q u en t ly  3

I f  NO o r  OCCASIONALLY - s to p  h e r e .

13.4 P lease  s t a t e  type o f  a c t i v i t y

13.5 How many y e a r s  have you been involved  in  t h i s  a c t i v i t y ?

13.6 How many t imes  a month (on average)  do you unde r ta ke  t h e s e

a c t i v i t i e s ?  Winter

Summer

y e a r s

58

59

61

6 ?

A d m i n i s t r a to r

Coder

65

66



Physical  and Ph y s io lo g ic a l  Measurements

S e r i a l  Number 

Card Number

Height

Weight

(1 ) Blood P r e s s u r e  S-j

Dr

Units

mms.

Obs. Measurement

1/10 kgms 

mmHg

11

16

2C

23

Blood P r e s s u r e  S mmHg 26

29

FVC

FEVl

FVC

FEVl

Pulse Rate

ml

ml

per  min

32

35

38

44
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Asymptomatic hyperglycaemia and major 
ischaemic heart disease events in Britain
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C o r r e s p o n d e n c e  to:
D r  I J P e rry .

A c c e p te d  fo r  p u b l ic a t io n  
F e b ru a rv

A bstract
O b je c tiv e  -  To ex a m in e  the asso cia tio n  
b etw een  n o n -fa stin g  seru m  g lu cose  c o n ­
c en tra tio n s and m ajor  isch a em ic  heart 
d isea se  (IH D ) even ts (fatal and  non -fata l 
m y o ca rd ia l in fa rctio n ).
D esign  -  A p rosp ective  study.
S u b je c ts  -  A p op u la tio n  based  sam p le  o f  
7735 m id d le  aged B r itish  m en . K nown d ia ­
b etics , m e n  w ith a g lu co se  co n cen tra tion  

11 • 1 m m ol/1 at screen in g , and hy­
p erten sive  p a tien ts taking regu lar m ed ­
ica tion  w ere ex clu d ed  from  th e  analysis. 
W ith ex c lu s io n s  (n =  509) and m iss in g  g lu c­
ose va lu es (n =  49), there w ere 7177 m en  
availab le  for an a lysis .
M ain  o u tc o m e  m e a s u r e s  -  M ajor IH D  
even ts (fatal and n o n -fa ta l m yocard ia l in ­
farction) du rin g  9*5 years fo llow  up on all 
m en.
R e su lts  -  T here w ere 505 m ajor IH D  
even ts, 222 fatal and  283 n o n -fa ta l, in the  
7177 m en  stu d ied . T here  w as a n o n -lin ea r  
relation  b etw een  the g lu co se  con cen tra tion  
and the r isk  (per 1000 m e n  per year) o f  all 
m ajor IH D  even ts and  fatal IH D  even ts, 
w ith the ex cess risk in  th e  up per qu in tile  
o f  the g lu co se  d istr ib u tio n  ( ^6*1 m m ol/1). 
T he u n adju sted  rela tive  risks (R R ) in  the  
upper g lu co se  co n cen tra tio n  q u in tile  c o m ­
pared w ith  the first to th e  fourth  quin tiles  
co m b in ed  w ere 1 4  (95% C l 1 1 ,  1*7) for all 
even ts a n d  1*3 (95% C l 1 0 ,  1*7) for fatal 
even ts. A d ju stm en t for a ge , sm ok in g , o c ­
cu p a tio n a l s ta tu s, b od y m a ss in d ex , p h ys­
ical a c tiv ity , sy sto lic  b lood  pressu re , total 
and h igh  d en sity  lip op rotein  ch o lestero l, 
and tr ig ly cer id e  co n cen tra tio n s had  a m in ­
im al e ffect on  th ese  re la tive  risk e stim a tes. 
T his n o n -lin ea r  re la tio n sh ip  betw een  the  
serum  g lu co se  c o n cen tra tio n  an d  the risk  
o f  a m a jo r  IH D  even t w as ob served  in  m en  
with no ev id en ce  o f  IH D  at screen in g  (n =  
5518) bu t not in  m en  w ith  IH D  (n =  1659). 
In the fo rm er  group, th e  RR (adjusted  for  
m ajor coro n a ry  risk factors) for a ll m ajor  
IH D  ev en ts in  the u p p er  q u in tile  relative  
to the low er  q u in tiles c o m b in ed  was 1*5 
(95% C l 1 2 ,  2*0) and  for fatal IH D  even ts  
w as 1 8  (95% C l 1 1 ,  2 6).
C o n clu sio n  -  T h ese  data  su g g est that 
a sy m p to m a tic  h y p erg ly ca em ia  is an in ­
d ep en d en t risk  factor for m ajor  IH D  
even ts.

iJEpiJcm wl Comnmntn Health 1004;48:538-542)

X on-insulin  dependent diabetes m ellitus is as­
sociated with an increased nsk o f ischaemic 
heart disease (IH D ).' T h e  association with

IH D , as with o ther m anifestations o f diabetic 
large vessel disease, is only partly  explained by 
the h igher prevalence of vascular risk factors 
associated with d iabetes, such as obesity, hy­
pertension. and hvperlip idaem ia.' * D iverse ex­
planations have been proposed for the excess 
o f IH D  in non-insulin  dependen t diabetes m el­
litus. T hese include direct atherogenic effects 
o f glucose, the role o f insulin resistence and 
hypennsulinaem ia as a unifying link betw een 
non-insulin  dependen t d iabetes m ellitus and 
IH D , and the possibility that these conditions 
share com m on genetic o r environm ental an te­
cedents, o r both.'* ’

By contrast, data on  the nature  and form  of 
the association betw een asym ptom atic hy­
perglycaem ia and IH D  are inconsistent, with 
negative findings," threshold effects,-"'' and 
positive linear associations' reported . M any 
previous studies have lacked pow er to study 
the relationship betw een blood glucose and 
IH D . M ost have docum ented  fewer than  200 
events, a relatively small n um ber given the low 
reliability with which glucose is e stim a ted ."  
Relatively few studies have adequately adjusted  
for the  range o f possible confounding factors. 
In no  previous study of this association, has it 
been possible to adjust sim ultaneously for the 
high density lipoprotein (H D L ) cholesterol 
concen tra tion , serum  tnglycendes, and for the 
level o f physical activity'^ -  potential con ­
founding factors that are o f fundam ental 
im portance. In this study we exam ine the re­
lation betw een asym ptom atic hyperglycaem ia 
and IH D  in a population  based sam ple of 
m iddle aged B ntish m en. T h ere  were over 500 
m ajor IH D  events and we have adjusted  for 
all m ajor coronary nsk factors including high 
density  lipoprotein (H D L ) cholesterol, tn - 
glycerides, and physical activity.

M eth od s
In the British Regional H eart Study, 7735 m en 
aged 40 to 59 years were selected at random  
from  the age-sex registers o f one group general 
practice in each o f 24 towns in England, W ales, 
and Scotland, and exam ined betw een 1978 
and 1980. T h e  cn te n a  for selecting the towns, 
general practices, and subjects and details o f the 
respondents, data collection, and m easurem ent 
of serum  glucose and lipids have been de- 
sc n b e d .’̂  '^ T h e  overall response rate was 78% . 
T h ere  were 49 m en with m issing glucose data. 
K now n diabetics at screening ( n =  118) and 
hypertensives undergoing trea tm en t (n =  362) 
were excluded from the analysis at the ou tset, 
the latter in view of the adverse effect o f an ti­
hypertensive therapy, in particular thiazide di-
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uretics. on plasm a glucose concentrations. ' A 
group of 20 m en with a serum  glucose con­
centration I l l  mmol 1 at screening was also 
excluded, given the high probability of u n ­
diagnosed diabetes in this group. H ence, the 
data upon which the pnm ary analyses were 
perform ed, refers to a total of 7177 m en. In a 
subsidiary' anaivsis i to minimise the possibility 
that m en with undiagnosed diabetes were in­
cluded in the studv',, we excluded an additional 
group of 100 m en who developed non-insulin 
dependen t diabetes over the subsequent 9-5 
years of follow up. Cases of non-insulin  de­
pendent diabetes mellitus were ascertained by 
m eans o f a questionnaire sent to the m en at 
year 5 of follow up and by system atic periodic 
review of practice records.'

N on-fastm g blood samples were obtained 
betw een 08 .30  and 18.30. Serum  glucose was 
analysed by commercially available autom ated  
analvser (T echnicon SAIA 12'60) and the time 
of sam pling was noted.' Less than 1% of the 
intersubject vanance in the serum  glucose con­
centration was a ttnbutable to the tim e of sam ­
pling.-'

PHYSICAL ACTIVITY'
A physical activity index, which is predictive of 
m ajor cardiovascular end points,' ' was denved 
from an exercise questionnaire adm inistered at 
the initial visit. Based on this index, the m en 
were grouped into six broad physical activity 
categories; inactive ,n = 602), occasional (n = 
2133), light (n =  164o), m oderate (n =  1131), 
m oderately vigorous (_n = 1067), and vigorous 
(n =  503). Physical activity data were m issing 
for 95 m en. M en whose level o f activity was 
m oderate o r higher were characterised as phys- 
icallv active.

P R E V A L E N T  I H D

T h e  m en were asked whether a docto r had ever 
told them  th a t they had angina or m yocardial 
infarction (heart attack, coronary throm bosis), 
stroke, and a num ber of otlier disorders. T he 
(XX’H O ) Rose questionnaire was adm inistered 
to all m en at the initial exam ination and a 
three-orthogonal lead EGG was recorded at 
rest. Prevalent IH D  at screening was defined 
on the basis o f  any or all of the following 
cn tena; recall o f doctor diagnosis o f angina or 
heart attack, a Rose questionnaire response 
indicating angina or possible m yocardial in­
farction, and E G G  evidence o f definite o r pos­
sible m vocardial ischaemia or infarction.-”  ■'

F O L L O W  U P

Over 9Q"'o o f study participants have been fol­
lowed for m orb id ity  and mortality for 9 5 years. 
Full details o f follow up procedures have been 
published and the cntena for fatal and non- 
fatal m ajor IH D  events have been d esc n b ed .”  -" 
M ajor IH D  events refer to fatal and non-fatal 
m yocardial infarction. Inform ation on death  
was obtained through the established “ tagging” 
procedures provided bv the N ational H ealth  
S em ce  registers in Southport (England and

Wales, and E dinburgh (Scotland). .A non-fatal 
m yocardial infarction was diagnosed according 
to W H O  criteria - that is, an event which 
satished at least two of the following criteria;
(a) preceded by severe prolonged chest pain,
(b) EGG evidence of m yocardial infarction,
(c) cardiac enzym e changes associated with 
myocardial infarction. Fatal events were de ­
fined as deaths from IH D  {Inieniaiional Clas- 
sificathvi o f Disease 9 th revision; codes 410-414) 
as the underlying cause. A fter 9 5 years follow 
up on all study participants there had been 505 
m ajor IH D  events, 222 fatal and 283 non-fatal. 
Individuals who had both a non-fatal and fatal 
m yocardial infarction over the follow up period 
were classified as having had a fatal event.

S T A T IS T IC A L  A N A L Y S IS

T h e  nsk of m ajor IH D  events was exam ined 
by quintile o f serum  glucose, with adjustm ent 
for confounding factors by fitting the Gox pro ­
portional hazards m odel. Age, body mass 
index, systolic blood pressure, total cholesterol, 
H D L  cholesterol, and triglycende con­
centration  were fitted as continuous vanables 
in the m odel. As data on triglycende con­
centrations were not available for six towns, 
the analysis in which we adjusted  for this factor 
was confined to a group o f 5307 m en. Social 
class was fitted as six dum m y variables (seven 
social class groups), physical activity as five 
vanables (six categories), alcohol as four vari­
ables (five categones, none, occasional, light, 
m oderate, heavy), and sm oking as four dum m y 
vanables (five groups, never, ex-sm okers, light, 
m oderate, and heavy).

We adjusted the IH D -glucose relation for 
confounding factors in three stages. Initially we 
adjusted for age, then  body m ass index, physical 
activity, sm oking status, alcohol intake, and 
occupational status were added  and in the third 
stage, systolic blood pressure, total cholesterol, 
H D L  cholesterol, and tnglycerides were added  
to the m odel. As there was an  in teraction with 
prevalent IH D  at screening, m en with IH D  
(n =  5518) and  w ithout IH D  (n =  1659) at the 
baseline exam ination were considered sep­
arately in the principal analysis.

R esu lts
A non-linear relation was observed betw een 
the glucose concen tra tion  and  the nsk (per 
1000 m en per year) of all m ajor IH D  events 
and  fatal IH D  events. T here  was a significant 
increase in risk at o r above a serum  glucose 
concentra tion  o f 6 1  mmol/1 (80th centile). 
T h e  unadjusted  relative risk (RR) in the upper 
glucose quintile  com pared with the first to the 
fourth quintiles com bined was 1 4 (95% C l 
I T ,  1-7) for all events and 1 3  (95"u GI 1 0 , 
1-7) for fatal events (table 1).

T h e  d istribution  o f m ajor coronary nsk  fac­
tors was exam ined in the upper quintile relative 
to the o ther four quintiles. Significantly more 
m en whose serum  glucose was in the upper 
quin tile  were engaged in m anual occupations 
and a higher p roportion  were overweight or 
obese (body m ass index ^ 2 8  kg/m-) (table 2).
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Table I R a ie  of n ch a em ic  h ea rt d isease t lH D )  ez enis (a ll  e zen ts  a n d  fa ta l even ts , 
n nadiusted) p er  UtOO m en p e r  y e a r  h v  .jiiintile o f  sem m  glucose con cen tra tion  I non-  
fa sttn ^ j

Ischaemic heart disease 

48
A i l  t'î-t’ims I H D  deaths

G .u c jse  .Vo o f  n u n  . \ ’o of c■veins R a te \ 'o  o f  dea ihs R a te
nim ol 1) r . . ) 7%)

< 4  8 14 1 5  UI) 7 2 45 5 4
4 8 - 5  2 1701 11(1 '■2 5o 5 5
5 5 -5  5 1221 8 0 n 4 4 5 5 7
5 n - b O  140 7  8 5 0 4 24  1 8
- 0  1 14 55 128 4 4 54 4 0

Table 2 D is tn b u tio n  o f  c a rd io v a sc u la r  n sk  factors (m e a n  / S D )  or  "m.l m  the first o f  the
fo u n h  glucose quin tiles co m b in ed  co m p a red  vciih the f if th  glucose qu tn tiie

i liiico it < h l  III m o l I Ctlucose ' 0  / m m o l I

N o  o t m e n 5 7 4 2 I 4 0 4
( j iu c o s e *  (m m o l 1) 5 1 7 0
A c e  (y) JQ-4 o S ! 5 0  0 i5  8)
C u r r e n t  s m o k e r s f  ("») 4 2  0 57-5
M a n u a l o c c u p a tu m f  (" ,.) 57  0 0 5  8
C lb e -e f  ("'-.) 17 5
A ctive  (% ) 58 0 58 5
M o d e r a te  d n n k c r s i 2 o  0 2 8  1
S vs to  lie B P f  1 m m H g 142 8 ' | 4  H) 15 0 -7  21-75
D u s to l ic  B P  (m m H g ) 81 0 12 8) 8 2  0 (1 5 7 ;
C h o le s te ro l  (m m o l 1) 0 24  11 0 4 ) 0 28  ,1 -0 4 )
H D L - e h o le s r t  (m m o l, 1) 1 10 ,ti-2 o ; 1-15  0 -2 7 )
T n c ly e e n d e * t  (m m o l II I o7 1 45
E n J e n c e  o f  I H D t  i "„) 22  5 25-5

'  C ie o m e in c  m e a n .
tp < O - 0 ( )L  $ p < 0  t)l
i D j i l v  5 -0  u n its  o t a le o h o l a n d  w e e k e n d  > o  u n its

Table 3  Relatiz'e n sk  ( R R )  of m a io r  ischaem ic heart d isease even ts  in the u p p er  q u in tile
of sen im  glucose (n  =  1 4 3 5 )  co m p a red za th  the first to fourth q u in tiles co m b in ed

A J u is te d A ll  tinariis f-'aial titljre is
tor R R  (9 5 %  C D R R  (9 5 " ., C l)

A ge (y) 1 5 1  ( I I ,  1 0 ) 1 2 1  1,0 4 . 1 0 )
.Age, sm o k in g .
a lc o h o l in ta k e .
o c c u p a t io n a l  s ta tu s .
p h y s ic a l ac tiv ip ,'.
a n d  b o d y  m a ss  in d ex 1 54 ( I I ,  1 0 ) 1-27 (0 -4 . 1 7 )
.Above -f sy s to lic  b lo o d  p re s s u re .
to ta l  c h o le s te ro l .
a n d  H D L  c h o le s te ro l 1 29  (1 Ob, 1 0 ) 1-20  (0  9 . 1 7 )

Table 4  R e la tive  n sk  ( R R )  o f  m a jo r  ischaem ic h eart d isease even ts  in the u p p er  qinntile  
O f scn in i glucose ( n =  1 0 7 4 ) co m p a red  zcith the lirsr to fo iin h  tju iiin les co iiihn ied , in m en  
zciihout ev id en ce  o f  isch aem ic h eart d isease a t  the baseline e x a m in a tio n

A J tu s ie d
for

A l l  in /a n is  
R R  (9>"n C l)

T a ta ! o i u n t s  
R R  (9 5 %  C l)

Act (y) l oO(l i, 2 1)
Actf. smoking.
a lc o h o l in ta k e ,
o c c u p a t io n a l  s ta tu s ,physical acnvity,
a n  j  b o d y  m a s s  in d e x  I 0 8  (I  Î ,  2 2)
A K n e  + sy s to lic  b lo o d  p re s s u re ,  
to ta l  c h o le s te ro l ,
a n d  H D L  c h o le s te ro l  I 54 ( 1 2 ,  2 0)

I 0 8  ( I  I ,  2 5)

I 8 8  ( I  Î .  2 8) 

I 7 5  ( I  I ,  2 0 )

T h ere  were significantly few er sm okers in the 
u p p e r glucose qu in tile , the systolic b lood  p res­
sure and triglyceride level were significantly 
h igher and the H D L  cholestero l co n cen tra tio n  
was significantly lower. T h e  p ro p o rtio n  o f phys­
ically active m en an d  the  p ro p o rtio n  o f m o d ­
erate  drinkers were sim ilar in the  tw o groups. 
T h e  prevalence o f IH D  at the  initial ex­
am ination  was significantly h igher in the  up p er 
g lucose quintile. D ifferences in the d is tn b u tio n  
o f b lood pressure and  serum  lipids and  in the 
p revalence o f IH D  betw een  the u p p er and  
four lower serum  glucose qu in tiles rem ained  
significant after ad ju s tm en t for age, oc ­
cupational sta tus, an d  body m ass index  iB M I).

A fter ad justm ent for the m ajo r coronarv’ nsk  
factors, the increased nsk  for all m yocardial 
infarction  and for fatal in farc tion  in the up p er 
glocuse quintile was m inim ally  a tten u ated  and

44
37

38 45

No ischaemic heart disease

4 9 -  5 3 -  5 6 -

Serum glucose

M a jo r  isch a em ic  h e a n  d ise a se  ez'en t ra te  in  re la tio n  to  
scn im  glucose co n c e n tra tio n  in m en  tv iih  a n d  iv i th o u i  
isch aem ic  h e a n  d ise a se  a t  scrvening.

rem a in ed  sign ifican t fo r all ev en ts (tab le  3 ).
T h e  n o n -lin e a r  re la tio n sh ip  b e tw ee n  t f  

glucose c o n c e n tra tio n  a n d  th e  n sk  o f  IH l 
observed  in th e  e n tire  g ro u p , w as c learly  ev ider 
in m en  free o f IH D  (n =  5 5 1 8 ), b u t  n o t in  thos 
with ev idence  o f  IH D  at sc reen in g  (fig u re). I 
those w ith o u t IH D  a t b ase lin e , th e  age a d ju s te  
RRs in the  u p p e r  g lucose  q u in tile  re la tiv e  t 
the rest w ere 1-6 (9 5 %  C l  1 3 ,  2 1 )  fo r  a 
m ajor events a n d  T 7  (9 5 %  C l I I , 2 5) fo r  a 
fatal even ts (tab le  4 ). T h e s e  effects w ere  m  
a tte n u a te d  by a d ju s tm e n t  fo r sm o k in g , socia 
class, level o f  physical activity , a n d  B M I. F u r  
th e r ad ju s tm e n t fo r systo lic  b lo o d  p re ssu re  an i 
to tal an d  H D L  ch o le s te ro l h ad  a m in im al effec 
on  the  asso c ia tion  b e tw een  g lucose a n d  IH E  
(table 4 ). N o  re la tio n sh ip  b e tw een  g lu co se  a m  
the risk o f  su b se q u e n t m y o card ia l in fa rc tio r 
was o bserved  in m en  w ith  p re -ex istin g  I H D  a 
screen ing .

T h e re  was a s ig n ifican t positive  co rre la tio n  
b e tw een  se ru m  g lu co se  a n d  trig ly cerid e  c o n ­
cen tra tio n s  (r =  0 -1 2 , p < 0 0 0 0 1 ) .  T h e  tr i ­
g lyceride c o n c e n tra tio n , how ever, is n o t  an 
in d ep e n d en t p re d ic to r  o f  IH D  ev en ts  in  th is  
s tudy  on ce  a d ju s tm e n t fo r  b lo o d  c h o le s te ro l 
has b e en  carried  out.*^ H e n c e , a d ju s tm e n t for 
the  trig lyceride  c o n c e n tra tio n  d id  n o t  a tte n u a te  
the  in creased  IH D  risk  o b se rv ed  in  th e  u p p e r  
glucose q u in tile  in  th e  e n tire  g ro u p  o r  in  m en  
w ith o u t ev idence  o f  IH D  a t screen in g .

W’̂e d e te c te d  n o  ev id en ce  o f  a fu r th e r  in c re a se  
in the  risk o f  IH D  a t th e  9 0 th  o r 9 5 th  g lu co se  
centiles. T h e  g lu c o se -IH D  asso c ia tio n  w as u n ­
a lte red  w hen  th e  100 m en  k n o w n  to  have  
d eveloped  n o n - in su lin -d e p e n d e n t d ia b e te s  
d u rin g  th e  9 5 years o f  fo llow  u p  w ere  e x c lu d e d . 
In  this analysis, th e  age a d ju s te d  R R s fo r  all 
events in the  u p p e r  g lu co se  q u in tile  re la tiv e  to  
the rest w ere 1 3 1 ,  (9 5 %  C l ,  1 1 ,  T 6 ) in  th e  
en tire  g ro u p  a n d  1 6 0  (9 5 %  C l ,  1-2, 2 1 )  in 
m en  free o f  IH D  a t sc reen in g .

D is c u s s io n
We have ob se rv ed  a n o n -lin e a r  re la tio n sh ip  
b e tw een  n o n -fas tin g  g lucose  an d  th e  n s k  o f  
m ajor IH D  even ts in a p o p u la tio n  b ased  sa m p le  
o f  m idd le  aged B ritish  m en . T h is  a sso c ia tio n  
was observed  on ly  in m en  free o f  IH D  a t th e  
screen ing  ex am in a tio n . In  th e  la tte r  th e re  w as 
a su b stan tia lly  in c re ased  risk o f  m a jo r  I H D  
events in the u p p e r  se ru m  g lucose q u in tile  
w hich was in d e p e n d e n t o f  m ajo r c a rd io v ascu la r 
risk factors, in c lu d in g  physical activ ity  a n d  lip id
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levels. In panicular, the association was u n ­
altered on adiustm ent tor the H D L  cholesterol 
concentration. H D L  cholesterol concen­
trations are consistently low in subjects u ith  
abnormal glucose tolerance, both  non-insulin  
dependent diabetes and im paired glucose tol­
erance,'"’ and It has been suggested that con­
founding due to this factor m ight explain the 
association between asym ptom atic hy­
perglycaemia and IH D . H ence these findings 
provide further evidence of the fundam ental 
role of abnorm alities of glucose hom eostasis in 
the developm ent of atherosclerosis, and they 
highlight the need for an in tegrated approach to 
the prevention of IH D  and glucose intolerance.

Non-fasting blood samples were ob tained m 
this study to ensure a high response rate  from 
this uniquely representative, population  based 
sample. T hough fasting sam ples or those taken 
after glucose load would have provided a more 
precise and reliable m easure o f glycaemic sta­
tus, I t  may be argued that such im precision will 
attenuate rather than  exaggerate the association 
with IH D  events which we have descnbed.

We considered the possibility that the in­
creased nsk of IH D  observed in the upper 
glucose quintile m ight have resulted from the 
inclusion o f undiagnosed diabetics, in whom 
an increased risk o f heart disease would be 
expected. T his is unlikely, given that we ex­
cluded m en with glucose ;> 11 ■ 1 m m ol 1 at 
screening from the study and that the findings 
were unaltered in an analysis in which we 
also excluded m en who developed non-insulin- 
dependent diabetes over the subsequen t 9-5 
years o f follow up. N o single m easure o f gly­
caemic status employed in an epidem iological 
study, w hether casual, fasting, o r after glucose 
load, is w ithout error. Hence a degree o f mis- 
classification of diabetic status is inevitable. We 
would argue, however, that in a group  of m en 
with a casual glucose concentra tion  < 1 1 1  
m m o ll, none of whom  was subsequently  diag­
nosed as diabetic over 9 5 years o f follow up, 
the num ber of undiagnosed d iabetics will be 
small and will not alter the findings from a 
study of this size. T he stability o f the RR 
estim ates after exclusion of the 100 m en who 
developed non-insulin dependent diabetes m el­
litus during the follow up, supports this a r­
gum ent. M oreover, if the excess o f IH D  events 
obseiv’ed at the 80th centile (a serum  glucose 
concentration ^6-1  m m o ll) was due to mis- 
classification of undiagnosed diabetics, one 
would expect to find evidence o f a further 
increase in nsk  at higher glucose levels, such 
as at the 90th or 95th centiles w here the nsk 
of subsequent non-insulin  dep en d en t diabetes 
mellitus (.and presum ably the prevalence of 
undiagnosed diabetes) nses sharply. N o  evid­
ence of a further increase in nsk  at these higher 
glucose concentrations was found.

In the International Collaborative G roup  re­
port, no significant association betw een glucose 
quintile and IH D  m ortality was de tected  in 
eight of eleven studies of m iddle aged m en in 
eight countnes, and in only one study  was 
a strong independent association observed.® 
Protocols and m ethods for assessing glycaemia 
vaned considerably betw een these studies and

in all but two studies there were fewer than 
200 IH D  events.

In the 10 year follow up data I'rom the W hite­
hall study, there was clear evidence of a th resh­
old etfect, with an approxim ately twofold 
increased nsk of IH D  observed in the upper 
5'%, o f the post-load glucose d istribution. T his 
effect was independent of m aior cardiovascular 
risk factors, including age, obesity, blood pres­
sure, sm oking, cholesterol level, and EG G  ab­
norm alities.' A sim ilar threshold effect o f the 
post load-glucose level on IH D  m o n alit\’ was 
reported from the Pans Prospective Study 
data.® By contrast, B arrett-C onnor er al. re­
ported  a continuous, independent relationship 
betw een fasting plasma glucose and IH D  m or­
tality in m en aged 4 0 -79  years in a southern  
California community.^ Similarly, in the H o­
nolulu H eart Program  data a linear relationship 
betw een glucose concentration  one hour after 
glucose load and IH D  m ortality was observed. 
O ther m ajor studies reported in the last decade 
include the T ecum seh study in which at 18 
years follow up there was a weak linear relation 
betw een asym ptom atic hyperglycaem ia and 
IH D  in m en (142 deaths) bu t not in wom en 
(71 deaths).-’®

N ot all studies reported since the col­
laborative group analysis support an in­
dependent association betw een asym ptom atic 
hyperglycaem ia and IH D . In the Chicago H eart 
Association D etection  Project data, asym pto­
matic hyperglycaem ia (after glucose load) was 
not an independent predictor of IH D  m ortality 
(286 events) at nine years follow up in 11 220 
m iddle aged m en.-' An independent association 
of borderline significance was observed in 
wom en. In the Bedford study, borderline hy­
perglycaem ia after glucose challenge was p re­
dictive o f IH D  m ortality only am ong women.-* 
In 12 year data  from the G o thenburg  study, 
however, no association betw een the fasting 
blood glucose concentration  and IH D  end 
points was detected  in a group of 1462 w om en 
aged 38 to 60 years with 28 events.-®

Factors influencing m ortality and event rates 
are likely to differ in m en with and w ithout 
prevalent IH D  at screening. M ost previous 
studies have excluded m en with E C G  evidence 
of m yocardial infarction® or have adjusted for 
this factor in m ultivariate analysis." Differences 
in exclusion cn teria  for this factor may account 
for som e of the inconsistency in curren t data. 
Additional factors o f relevance in this context 
include the low reliability with which glucose 
IS m easured, the vanable follow up periods, 
and, as discussed, the relatively small num ber 
of events and deaths in m any of the previous 
studies.

In previous work we have reported  a graded, 
inverse relation between the level of physical 
activity and subsequent m ajor IH D  events.'^ 
We have also show n in cross sectional data 
from the British Regional H eart Study, that 
physical activity is inversely associated with 
the serum  glucose concentration.^'’ One m ight 
therefore anticipate that physical activity- w ould 
be an im portan t confounder in the relation 
betw een glucose and IH D . In the Bntish Re­
gional H eart S tudy data, however, the effect o f
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physical activir\- on scrum  glucose is observed 
only am ong those engaced in relatively high 
levels of activity and is exerted predom inately  
on those m en with a non-fastm g glucose level 
5 7-8 m m o ll -  that is, at or above the 96th 

rather than  the 80th centile).
T h e  basis for this independent association 

betw een hyperglycaemia and IH D  rem ains ob­
scure, though it IS likelv that a n um ber of 
différent m echanism s, both direct and indirect, 
are involved. M echanism s proposed to date 
include increased activity of the polyol pathway, 
glycosylation of tissue proteins, glycosylation 
and altered catabolism  of lipoproteins, and 
abnorm alities o f platelet function and the 
coagulation system .'"" ' It may oe that hy­
perglycaem ia IS simply a m arker for m ore fun­
dam ental abnorm alities in carbohydrate and 
lipid m etabolism , centered on insulin resistance 
with hypennsu linaem ia.'' T hus in the Pans 
Prospective Study data, glucose was not an 
independent predictor of IH D  after adiustm ent 
for plasm a insulin. "  Alternatively, it is sug­
gested that hvperglycaemia and non-insulin  de­
pendent diabetes m ellitus may be linked to 
IH D  via com m on genetic antecedents '" or per­
haps via in trauterine or earlv environm ental 
facto rs."
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Abstract
Objective—To determine the risk factors for non- 

insulin dependent diabetes in a cohort representa­
tive of middle aged British men.

Design—Prospective study.
Subjects and setting—1135 men aged 40-59, drawn 

from one group practice in each of 24 towns in 
Britain. Known and probable cases o f diabetes at 
screening (n = 158) were excluded.

Main outcome m easures—Non-insulin dependent 
diabetes (doctor diagnosed) over a mean follow up 
period of 12*8 years.

Results—There were 194 new cases o f non-insulin 
dependent diabetes. Body mass index was the 
dominant risk factor for diabetes, with an age 
adjusted relative risk (upper fifth to lower fifth) of 
1T6; 95% confidence interval 5-4 to 16 8. Men 
engaged in moderate levels of physical activity had a 
substantially reduced risk of diabetes, relative to the 
physically inactive men, after adjustment for age and 
body mass index (0-4; 0-2 to 0-7), an association 
which persisted in full multivariate analysis. A non­
linear relation between alcohol intake and diabetes 
was observed, with the lowest risk among moderate 
drinkers (16-42 units/week) relative to the base­
line group of occasional drinkers (0-6; 0-4 to TO). 
Additional significant predictors o f diabetes in 
multivariate analysis included serum triglyceride 
concentration, high density lipoprotein cholesterol 
concentration (inverse association), heart rate, uric 
acid concentration, and prevalent coronary heart 
disease.

Conclusion—These findings emphasise the inter­
relations between risk factors for non-insulin 
dependent diabetes and coronary heart disease and 
the potential value of an integrated approach to 
the prevention of these conditions based on the 
prevention of obesity and the promotion of physical 
activity.

Introduction
Non-insulin dependent diabetes is a common con­

dition affecting at least 3% of the middle aged and 
elderly population of Britain, with a considerably 
higher prevalence in specific ethnic groups.' 
Advancing age, obesity, upper body fat distribution, 
and a family history of diabetes are among the well 
established risk factors for this condition.' Evidence 
is increasing that in some populations non-insulin 
dependent diabetes shares common causal factors with 
cardiovascular disease and in particular with coronary 
heart disease.’

An inverse relation between physical activity level 
and the risk of subsequent non-insulin dependent 
diabetes (reported by patients to have been diagnosed 
by a doctor), has been described in prospective studies 
from selected populations.^' Data on potential con­
founding or mediating factors in these studies have 
been relatively limited. Prospective studies on the 
role of alcohol in the development of non-insulin 
dependent diabetes have produced contradictory

findings.''’ Cigarette smoking has not been extensively 
investigated as a risk factor for diabetes. Smokers were 
at higher risk of non-insulin dependent diabetes over 
25 years of follow up in the Zutphen study,'® and 
evidence exists that cigarette smoking leads to insulin 
resistance." Resistance to insulin mediated glucose 
uptake (insulin resistance) antedates non-insulin
dependent diabetes" and is linked with dyslipidaemia, 
hypertension, and several other risk factors for
coronary heart disease.'’

We report on a prospective study of risk factors for 
non-insulin dependent diabetes among men recruited 
for the British regional heart study. We have focused 
on factors that have been linked with coronary heart 
disease, such as body mass index, physical activity,
alcohol intake, cigarette smoking, and established
biological risk factors for coronary heart disease, such 
as dyslipidaemia and hypertension.

Subjects and methods
In the British regional heart study 7735 men aged 40 

to 59, were selected at random from the age-sex register 
of one general practice in each of 24 towns in England, 
Wales, and Scotland between January 1978 and June 
1980 for a prospective study of cardiovascular disease. 
The criteria for selecting the towns, general practices, 
and subjects and methods of data collection have been 
described.'’ " Men with cardiovascular or other disease 
or those receiving regular drug treatment were not 
excluded. The overall response rate was 78%, ranging 
from 70% to 85% across the 24 towns. Known diabetic 
subjects (n=121), men diagnosed within the calendar 
year in which they were screened (n=14), and those 
with non-fasting glucose concentrations in the diabetic 
range ( > 1 1 1  mmol/1, n = 23) were excluded. Hence 
the analysis was based on 7577 men.

D A T A  c o l l e c t i o n : b a s e l i n e  A S S E S S M E N T

Research nurses administered a standard question­
naire and completed an examination of each man, 
including electrocardiography." The questionnaire 
included questions on occupation, the usual pattern of 
physical activity, alcohol intake, smoking habits, 
medical history, and use of drugs, including antihyper­
tensive drugs.'’"

Physical activity—A physical activity score was 
derived, based on the frequency and intensity of the 
activities reported.'* The men were grouped into 
six physical activity categories: inactivity (n = 664), 
occasional activity (n=2282), light activity (n= 1734), 
moderate activity (n=1181), moderately vigorous 
activity (n=1104), and vigorous activity (n = 510). 
Data were not available for 102 men.

Alcohol intake—The men were classified into five 
groups according to their current alcohol intake: none 
(n = 451), occasional (<  1 unit/week; n= 1809), light 
(1-15 units/week; n = 2490), moderate (16-42 units/ 
week; n = 2006) and heavy ( > 4 2  units/week; n = 815). 
Data were not available for six m en."

Cigarette smoking—The men were categorised as 
those who had never smoked (n=1787), former

B M J 177195 C O P Y R IG H T  ©  1995 A ll rights o f  reproduction o f this reprint are reserved in all countries o f  the w orld
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FIG 1— Relative risk of 
non-insulin dependent diabetes 
(log scale) adjusted for age with  
95%  confidence intervals, by 

fifth of body mass index relative 
to the lower fifth

smokers (n = 2649), and current smokers, (n = 3125), 
with the laner group further subdivided by the number 
of cigarettes smoked daily. Data were not available for 
16 men.'*

Prevalent coronary heart disease—With the World 
Health Organisation’s Rose chest pain questionnaire 
and an electrocardiogram prevalent coronary heart 
disease at screening was defined on the basis of any of 
the following crtiteria: recall of a doctor diagnosing 
angina or heart attack, a response to the W H O ’s Rose 
chest pain questionnaire indicating angina or possible 
myocardial infarction, or electrocardiographic 
evidence of definite or possible myocardial ischaemia 
or infarction.” In all, 24% (1834) of the men 
were characterised as having prevalent coronary heart 
disease at screening. This group did not include men 
who reported a history of non-specific “other heart 
disease.”

Body mass index calculated as weight (kg)/(height 
(m)0 was used as an index of relative weight. Men with 
a body mass index of > 2 8  were categorised as obese. 
Blood pressure was recorded with a London School 
of Hygiene sphygmomanometer. Two successive 
recordings were taken, and the mean was used in the 
analysis with adjustment for interobserver variation. 
Heart rate was determined from the electrocardiogram.

Non-fasting blood samples were obtained between 
8 30 am and 6 30 pm.'"' Glucose, total cholesterol, and 
uric acid concentrations were analysed in serum with 
an automated analyser (Technicon SMA 12/60).“ '̂ ' 
Diurnal variation in glucose concentrations was 
modest, with a peak-trough difference of 0 4 mmol/L^“ 
High density lipoprotein cholesterol and triglyceride 
concentrations were measured with enzymatic 
methods."" As triglyceride concentrations were not 
determined for men in the first six towns, data on this 
variable were available for only 5327 men.

F O L L O W  U P  F O R  D E V E L O P M E N T  O F  N O N -IN S U L IN  

D E P E N D E N T  D IA B E T E S

The men were followed for morbidity and mortality- 
up to December 1991, a mean period of 12 8 years."" 
Less than 1% (73) of men were lost to follow up, of 
whom 44 (0 6% of total) emigrated from Britain. New 
cases of non-insulin dependent diabetes were ascer­
tained by means of (a) a postal questionnaire sent to the 
men at year 5 of follow up for each individual, (b) 
systematic reviews of primary care records in 1990 and 
1992, (c) a further questionnaire to 6483 surviving 
members of the cohort resident in Britain in 1992, and
(d) review of all death certificates for any mention of

TABLE I— Baseline values of selected variables (adjusted for age and body mass index) in 7 5 7 7  middle aged 
men initially free o f diabetes, by incidence of non-insulin dependent diabetes during a mean follow up o f 12-8 
years

Variable

M en who d id  not 
develop diabetes 
du ring  follow up 

(n -7 3 8 3 )

M en  who 
developed diabetes 

during  follow up 
(n - 1 9 4 ) P value

From  logistic regression*:
M anual occupation 57 56
C urren t smokers 41 48 0 0 6
M oderate drinkersf 27 20 0 0 5
Physically ac tive t 37 28 0 01
Evidence o f coronary heart disease 24 32 0 0 1
O ther heart disease 5 9 8 5
T reatm en t with antih>pertensive drugs 4 7 6 7
Any regular drug  treatm ent 28 32

From  analysis o f covariance^:
H eart rate (beat/m in) 70 6 ( 0  15) 73 2 (0  90) 0-005
Systolic blood pressure (m m  Hg) 145 0 ( 0  23) 148 2 (1  43) 0-03
Diastolic blood pressure (m m  Hg) 82-2 (0 1 4 ) 84 10 (0  90) 0-04
T o tal cholesterol (mmol/1) 6 3 0 (0  01) 6 34 (0-07)
H igh density lipoprotein cholesterol (mmol/1) 1 15 (0 003) 1 11 (0-02) 0-004
Triglyceride (m m ol/l)|| 1 7 3 2 16 < 0-0001
U ric acid (p.mol/1) 359 1 (0 8) 370 -5 (4  8) 0-02

‘ Values are estim ated percentages o f m en (see m ethods section). 
1 16-42 Units/w eek.
$ Level of activity was m oderate o r higher.
^Values are m eans (SE) (see m ethods section).
IIGeometric m ean (5197 f  130).

diabetes. The questionnaire at year 5 achiteved 
response rate of 98%"" and on the 1992 questionmaire a 
response rate of 91%. A diagnosis of diabetes w as not 
accepted on the basis of questionnaire data unless 
confirmed in the primary care records.

S T A T IS T IC A L  A N A LY SIS

Cox’s proportional hazards models were uised to 
assess the independent contributions of the risk factors 
to the subsequent risk for non-insulin depiendent 
diabetes and to obtain the relative risks adjusted for the 
other risk factors."’

Physical activity (six levels), smoking (three 1 levels), 
alcohol intake (five levels), and pre-existing isclhaemic 
heart disease (yes/no) were fitted as cateigorical 
variables in the proportional hazards modell. The 
adjusted relative risks in figures 1 and 3 were obtained 
by fitting body mass index, systolic and diastolic: blood 
pressure, heart rate, and concentrations of high density 
lipoprotein cholesterol, triglyceride, and uric aicid as 
four dummy variables for the five equal divisiions of 
each risk factor. Tests for trend were carried <out by 
fitting the quantitative variables in their contiinuous 
form. For table I analysis of covariance was uised to 
derive the means adjusted for age and body mass 
index, and logistic regression was used to callculate 
prevalences adjusted for age and body mass index  on 
the basis of conversion of adjusted odds rattios to 
estimated proportions. For tables II and III the v/alidity 
of the proportional hazards assumption in Cox’s 
models was checked by fitting a time dependent 
interaction variable x=x(t), where x(t) = ilog(t). 
Subjects with missing values for covariates iin the 
various adjustments with Cox’s model were exccluded 
from that particular analysis.

As glucose and triglyceride concentrations weire not 
normally distributed log transformation and geoimetric 
means were used. Because of the pronounced diiumal 
variation in serum triglyceride concentrations"" tthe log 
transformed data on this variable were adjustted for 
time of sampling."’

Results
After a mean follow up period of 12 8 years there 

were 194 new cases of non-insulin dependent ditabetes 
in the 7577 men, an incidence of 2 15 per 1000 p)erson 
years of follow up. Men who developed diabetees had 
significantly higher mean blood glucose concentrrations 
at screening than those who remained free of ditabetes 
(6 2 V 5 4 mmol/1; P <  0-0001). Little differemce in 
mean age existed between the two groups (50-4 v ‘50-2). 
Those who developed diabetes had a significcantly 
higher mean body mass index than those who diid not 
(27-9 V 25-4; P <  0-0001). Forty four per cent (853/194) 
of the men who developed diabetes were obese i (body 
mass index of > 28) compared with 18% (1328/73183) of 
those who did not. The risk of non-insulin deperndent 
diabetes increased exponentially with increasing body 
mass index, with an over 11-fold excess risk iin the 
upper fifth (>  27-9) relative to the lower fifth ( ^  : 22-9) 
(relative risk= ll-6 ; 95% confidence interval 55-4 to 
16-8) (figl).

Table I shows the baseline characteristics of thee men 
who subsequently developed diabetes compared 1 with 
the rest of the cohort, adjusted for age and body mass 
index. No adjustments were made for serum gliucose 
concentration, which is assumed to be the ccausal 
pathway between the relevant exposures and non­
insulin dependent diabetes. Significantly fewer oof the 
men who developed diabetes compared with thosee who 
did not were moderate drinkers and physically aactive. 
Those who developed diabetes were more likely ito be 
smokers (P = 0-06), and they had a significantly hiigher 
prevalence of pre-existing coronary heart disease;, but
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FIG 2 — R elative  risk o f  
nonrinsulin dependent diabetes 
(log scale) adjusted fo r  age and  
body mass index w ith  95 %  
confidence intervals, by (a )  
physical a c tiv ity  level a n d  (b) 
alcohol intake. The x  shows each 
relation adjusted fo r  age alone. 
The lowest ph ysica l a c tiv ity  
group (inactive) form s baseline 
group fo r  this variable, an d  
occasional drinkers form  baseline 
group fo r  alcohol in take
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FIG 3 — R elative  risk o f  non-insulin dependent diabetes (log scale) adjusted fo r  age a n d  body mass 
index  w ith  95%  confidence intervals, by fifths o f  systolic and diastolic blood pressure, heart rate, an d  
concentrations o f high density lipoprotein cholesterol, triglyceride, and uric acid  relative to lower fifth  
o f each variable. The x  shows each relation adjusted fo r  age alone

not of “other heart disease.” N o  differences existed in 
social class status and in the use of antihypertensive 
drugs or other medication. The men with diabetes 
had significantly higher systolic and diastolic blood 
pressure, heart rate, and triglyceride and uric acid 
concentrations and significantly lower high density 
lipoprotein cholesterol concentrations. N o significant 
difference in mean total cholesterol concentration 
existed between the men with diabetes and those 
without.

P H Y S IC A L  A C T IV IT Y , A L C O H O L  IN T A K E , A N D  C IG A R E T T E  

S M O K IN G

Figure 2 shows the relative risk o f non-insulin 
dependent diabetes with 95% confidence intervals at 
different levels of physical activity and alcohol intake, 
adjusted for age and separately for age and body mass 
index. The risk of diabetes progressively decreased 
with increasing levels o f physical activity up to 
moderate activity (0 4; 0 2 to 0 7) relative to the 
inactive group. A shallow “U  shaped” relation was 
seen between alcohol intake and the risk of diabetes, 
with the lowest risk seen in moderate drinkers (0 64; 
0 43 to O'96) relative to the baseline group of 
occasional drinkers. Current smoking was associated 
with a 50% increase in the risk o f diabetes relative 
to those who had never smoked, adjusted for age 
and body mass index, (1-5; 1 0  to 2 2; P =0 04). 
N o association with the number of cigarettes smoked 
was detected. Former smokers were at similar risk 
of diabetes as men who had never smoked (1-2; 0-8 
to 1-8).

A D D IT IO N A L  R IS K  F A C T O R S  F O R  N O N - I N S U L I N  

D E P E N D E N T  D IA B E T E S

Men with evidence of coronary heart disease at 
screening showed a 50% increase in the risk of 
developing diabetes on adjustment for age and body 
mass index (1 53, 1 13 to 2 07). Figure 3 shows 
the relative risks o f diabetes, with 95% confidence 
intervals, by fifths o f systolic and diastolic blood 
pressure, heart rate, and concentrations of high density 
lipoprotein cholesterol, triglyceride, and uric acid, 
adjusted for age and separately for age and body mass 
index. The positive association seen between systolic 
blood pressure and the age adjusted risk o f diabetes 
was appreciably attenuated on adjustment for body 
mass index, although the trend remained significant 
(P=0'02). A similar though weaker association was 
seen for diastolic blood pressure. For heart rate the risk 
of diabetes was appreciably increased in the top 
fifth relative to the bottom fifth (adjusted relative 
ratio=2 9; 1-7 to 4 9). A significant inverse association 
was seen between high density lipoprotein cholesterol 
concentration and risk of diabetes after adjustment for 
age and body mass index (trend P=0-004). A particu­
larly strong positive association was seen between 
triglyceride concentration and risk of diabetes after 
adjustment for age and body mass index (trend 
P <  0-0001), with a more than threefold increased risk 
in the top fifth relative to the bottom fifth. A positive 
association with serum uric acid concentrations was 
also observed (fig 3).

M U L T IV A R IA T E  A N A L Y S IS

Table II shows the findings firom multivariate 
analysis o f independent predictors of diabetes. There 
was an over sevenfold increased risk o f diabetes in the 
upper fifth of body mass index relative to the lowest in 
multivariate analysis, and the strong, linear inverse 
association with physical activity was not attenuated. 
The associations with moderate drinking, pre-existing 
coronary heart disease, heart rate, and concentrations 
of high density lipoprotein cholesterol and uric acid 
remained significant. The associations with current
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smoking and systolic blood pressure were no longer 
significant in this multivariate model.

Variables which emerged as significant predictors of 
diabetes in the multivariate model presented in table II 
were further adjusted for triglyceride concentration in 
a separate model based on data from the subgroup 
of 5327 men with data on serum triglyceride concen­
tration (table III). N o association between high density 
lipoprotein cholesterol concentration and the risk of 
diabetes was observed on adjustment for triglyceride 
concentration, and the association with heart rate was 
attenuated.

E F F E C T  O F  P R E - E X IS T IN G  C O R O N A R Y  H E A R T  D IS E A S E

The factors shown to be independently associated 
with diabetes—namely, body mass index, physical 
activity, alcohol intake, and uric acid and triglyceride 
concentrations— were also examined separately in men 
without pre-existing coronary heart disease (n=3981 
men; 83 cases o f diabetes) and in men with pre-existing 
coronary heart disease (n=1346 men; 47 cases) at 
baseline. This analysis was confined to the subset of 
men with available data on triglyceride concentration. 
Similar associations were seen in both groups between 
body mass index, physical activity, triglyceride and 
uric acid concentrations, and non-insulin dependent 
diabetes. The lower risk of diabetes seen in moderate 
drinkers was more apparent in men with pre-existing 
coronary heart disease than in men without evidence 
of coronary heart disease at screening, but a formal test 
for interaction was not significant.

In a separate analysis in which we excluded men with 
pre-existing coronary heart disease and men with a 
diagnosis o f either hypertension or stroke at screening 
(n -3 5 7 4 ,69 cases) these findings were unchanged.

D iscussion
In this study we have shown that obesity and 

physical inactivity are important independent risk

TABLE II— Predictors o f  non-insulin dependent diabetes in m ultivariate 
analysis. A n alysis includes 7 0 9 7  men, 178 cases w ith  da ta  on all 
covariates in table

A djusted  relative risk
(9 5 %  confidence

V ariable* interval) P  v a lu e f

B ody m ass indexé 7 3 ( 3  4 to  15 6) 0-0001
P reva len t co ronary  h ea rt d isease (yes/no) 1 4 (1  0 to  1 9 ) 0-04
Physical activity (m o d era te  v  inactive) 0  4 (0 2 to  0 8) 0-003
A lcohol in take (m odera te  v  occasional) 0 6 (0 4  to  1 0 ) 0-04
C u rre n t sm oker (yes v  n ev e r sm oked) 1 2  (0 8 to  1 8 )
Systolic b lood  pressure^: 1 3  (0-8 t o i -7)
H ig h  density  lipopro te in  cho leste ro l^ 0-7 (0-5 to  1-2) 0-03
H e a rt  ra te$ 2-2 (1-1 to  4-2) 0-01
U ric  acid$ 1 -5 ( 0 9  to  2-5) 0-01

*E ach  variable has b een  a d ju sted  fo r age an d  fo r each o f the  o ther variables 
in  m odel.
| T est fo r linear tren d , 
iU p p e r  fifth  v  low er fifth.

TABLE in— Predictors o f  non-insulin dependent diabetes in subset o f  men w ith  available data  on triglyceride 
concentration (5 3 2 7  men; ISO cases)

R elative risk 
(9 5 %  confidence  interval)

P artially Fully
V ariab le adjusted* a d ju s te d ! P  value !

B ody m ass index§ 6-5 5-8 (2-6 to  13 2) < 0 -0 0 0 1
P reva len t co ro n ary  h ea rt d isease (yes/no) 1-4 1-4 (1-0 to  2-0) 0-05
Physical activity (m o d era te  v  inactive) 0-5 0-5 (0-2 to  0-9) 0-02
A lcohol intake (m o d era te  v  occasional) 0-6 0-6 (0-3 to  1-0) 0-04
H igh  density  lip o p ro te in  cholesterol^ 0-8 1-4 (0-8 to  2-6)
H e a rt  rate§ 2-3 2-0 (1-0 to  4-0)
U ric  acid§ 1-4 1-3 (0-7 to  2-2) 0-06
T rig lycerides 2-8 (1-4 to  5-8) < 0-0 0 1

* A djusted  fo r age, b o d y  m ass index , sm oking , pre-ex isting  ischaem ic h e a rt disease, alcohol intake, physical activity, 
systolic b lood  p re ssu re , high  density  l ipopro te in  cholestero l c o n c e n tra tio n , h e a rt ra te , u ric  acid concentra tion , 
tA d ju s te d  as fo r partia lly  ad ju sted  m o d el to g e th e r w ith  serum  trig lyceride co n c en tra tio n . 
tT e s t  fo r linear tre n d  in fully ad justed  m odel.
§U p p e r fifth  v  low er fifth.

factors for non-insulin dependent diabetes in imiddle 
aged men, whereas evidence incriminating allcohol 
intake and cigarette smoking is lacking. We have 
shown that several cardiovascular risk factorss that 
are linked with insulin resistance (triglyceride,, high 
density lipoprotein cholesterol and uric acid coincen- 
trations)" predict the development o f non-imsulin 
dependent diabetes over a decade before the onset 
of clinically manifest disease. These associations 
persisted after adjustment for body mass indexe and 
for other factors that might increase the probability 
of diagnosis, such as hypertension and prewalent 
coronary heart disease at screening. Additional 
important coronary heart disease risk factors— notably, 
serum total cholesterol concentration and blood  
pressure— did not predict non-insulin deperndent 
diabetes.

The data on physical activity and non-imsulin 
dependent diabetes in this study com plem ent and 
extend the findings from previous prospective studies 
that have addressed this issue in selected populati®ns.‘̂ ‘ 
We have also shown an association between heart rate, 
which may be regarded as a proxy measure o f physical 
fimess, and diabetes. Indeed lower heart rate wias an 
independent predictor of diabetes in multiviariate 
models which included physical activity. Thougtti this 
may simply reflect the relatively high precision with 
which heart rate was measured, the possibility; that 
heart rate is also acting as a marker for sympatthetic 
nervous system activation (which is linked with imsulin 
resistance") should be considered.

The data from this study provide evidence of a 
protective effect o f alcohol on the risk o f non-imsulin 
dependent diabetes. This finding, however, shoulld be 
interpreted cautiously as it was significant only im men 
with evidence of coronary heart disease at baseline;. It is 
clear, however, that the data provide no support fmr the 
hypothesis o f a causal positive link between alccohol 
intake and non-insulin dependent diabetes.®

This study had adequate power to examines the 
association between cigarette smoking and non-imsulin 
dependent diabetes, and the findings do not sugge:st an 
important independent role for cigarette smokimg in 
the development of this condition.

C O R O N A R Y  H E A R T  D IS E A S E  R IS K  F A C T O R S  A N D  

N O N -IN S U L I N  D E P E N D E N T  D IA B E T E S

Reaven and others have developed the conceptc of a 
metabolic syndrome based on insulin resistance that 
includes glucose intolerance, hypertriglyceridaesmia, 
decreased high density lipoprotein cholesterol comcen- 
tration, hypertension, and hyperuricaemia.'® As 
clinically overt non-insulin dependent diabetees is 
preceded by a prolonged period of insulin resistamce'^ 
risk factors for cardiovascular disease that cluster ’ with 
insulin resistance should also predict diabetes. The 
data from this study support this hypothesis and adid to 
the evidence that the increased risk of vascular dissease 
in diabetes is well established before the onseet of 
clinically manifest disease." We observed, howeever, 
weak associations between blood pressure and rnon- 
insulin dependent diabetes that were appreciably 
attenuated on adjustment for body mass index and 
were non-significant in the full multivariate anaalysis 
model. It is noteworthy that the link between bblood 
pressure and insulin resistance or hyperinsulinaeemia 
in cross sectional studies is more tenuous and in co n ­
sistent" " than that between dyslipidaemia (or hyyper- 
uricaemia) and insulin resistance." "

C O N C L U S IO N S

The current Health of the Nation targets for obeesity 
focus on reducing the prevalence o f obesity (defineed as 
body mass index of ^  30) rather than on achievimg a 
downward shift in the overall distribution o f body nmass
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•  Recent findings have suggested that non­
insulin dependent diabetes and cardiovascular 
disease share conunon causal factors

•  This study shows a strong, graded associa­
tion between body mass index and risk of 
diabetes in middle aged men, with no evidence 
of a threshold effect

•  The risk of diabetes is reduced by more than 
50% among men who take moderately vigorous 
exercise

•  Cardiovascular disease risk factors that are 
linked with insulin resistance, such as hyper- 
triglyceridaemia and hyperuricaemia, predict 
non-insulin dependent diabetes

•  These findings support an integrated 
approach to the prevention of non-insulin 
dependent diabetes and cardiovascular disease 
based on the prevention of obesity and the 
promotion o f physical activity

index." As 75% of cases of diabetes in this study, 
however, ocurred in men with a body mass index of 
< 3 0 , substantial progress towards the prevention of 
non-insulin dependent diabetes and its sequelae will 
require a population based rather than a high risk 
approach to the problem of obesity. The findings 
from this study support the concept of an integrated 
approach to the prevention of non-insulin dependent 
diabetes and atherosclerotic vascular disease based on 
the prevention of obesity and the promotion of physical 
activity. However, not all vascular risk factors predict 
non-insulin dependent diabetes. This suggests that 
there are critical factors within populations (as well as 
between populations^®) that modulate the progression 
from insulin resistance to non-insulin dependent 
diabetes or atherosclerotic vascular disease, or both of 
these conditions.

The British regional heart study is a British Heart Founda­
tion research group. Support is also provided by the Stroke 
Association and the Department of Health. Biochemical 
estimations were carried out at the Wolfson Research Labora­
tories, Queen Elizabeth Hospital, Birmingham. IJP was 
supported by the Wellcome Trust.
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