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CHAPTER 1: ABSTRACT

Hyperinsulinaemia is implicated in the pathogenesis of coronary artery disease and is
related to a number of risk factors for coronary artery disease. However, the biological
significance of the role of hyperinsulinaemia and insulin resistance in the pathogenesis
of coronary artery disease remains controversial and for from estabilished. It has been
speculated for a long time that proinsulin-like molecules may cross-react in

radioimmunoassays for insulin though this has not been demonstrated.

In this dissertation an effort has been made to analyse the relationships of
cardiovascular risk factors, blood pressure, dyslipidaemia and of plasminogen activator
inhibitor (PAI-1) activity, with concentrations of insulin, intact proinsulin and des 31,32
proinsulin. Insulin, proinsulin and des 31,32 proinsulin were assayed employing highly
specific monoclonal antibody-based assays. In a preliminary study sera from 51
subjects with type 2 diabetes (non-insulin-dependent) mellitus was analysed to
measure insulin concentrations by a conventional radioimmunoassay using a polyclonal
antibody and also by a highly specific monoclonal-antibody based assay. This study
revealed that proinsulin-like molecules cross-react in conventional radioimmunoassay
for insulin with a potency very similar to that of insulin. In this study, cardiovascular
risk factors also correlated with concentrations of immunoreactive insulin, but some
of these relationships became weaker or insignificant when insulin concentrations
measured by a highly specific assay was employed to study these relationships. Both
intact proinsulin and des 31,32 proinsulin concentrations were related to a number of
cardiovascular risk factors including PAI-1 activity. These observations raised the
possibility that proinsulin-like molecules may have role in the pathogenesis of
macrovascular disease in type 2 diabetic subjects. Asian subjects with type 2 diabetes

had higher concentrations of des 31,32 proinsulin. Based on these preliminary results,
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further studies were performed to reanalyse these observed relationship, with inclusion
of non-diabetic and diabetic subjects from two different ethnic groups (Asians and
caucasian). Subsequently intervention studies using metformin (Diethyl biguanide) and
insulin treatment in subjects with type 2 diabetes were performed to study the effect
of these treatments on insulin resistance, insulin and proinsulin-like molecules,

plasminogen activator inhibitor and on risk factors for cardiovascular disease.

These studies revealed that non-diabetic Asian subjects had a preferential central
distribution of fat, lower levels of physical activity and higher prevalence of ischaemic
heart disease than age- and sex-matched caucasian subjects. Asian subjects showed
significant 2-hr post glucose load hyperinsulinaemia compared to caucasian non-
diabetic subjects. Concentrations of intact proinsulin but not of des 31,32 split
proinsulin were also significantly higher in Asian non-diabetic subjects than caucasians,
however the ratio of proinsulin-like molecules to insulin was similar in both ethnic
groups. There was no ethnic differences in PAI-1 activity or other cardiovascular risk
factors among diabetic and non-diabetic subjects from two ethnic groups. Significant
and consistent relationships were observed between the concentrations of proinsulin
like-molecules and levels of certain risk factors for cardiovascular disease in all the
studies. The relationships of intact proinsulin and des 31,32 proinsulin with risk
factors for cardiovascular disease were either similar to or stronger in magnitude than
insulin concentrations measured by a specific assay. These relationships were highly
significant in subjects with type 2 diabetes. No ethnic differences were noted in the
relationship of insulin and proinsulin-like molecules to cardiovascular risk factors. There
was no significant association of insulin or proinsulin-like molecules to
electrocardiographic evidence of coronary artery disease, however the number of

subjects with coronary artery disease was small.
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Using a specific assay for insulin, subjects with type 2 diabetes who are treated with
diet alone, had significantly higher fasting insulin concentrations than non-diabetic
subjects. The relationship of fasting insulin concentrations with fasting and 2-hr plasma
glucose however was inverted U shaped, suggesting a declining #-cell function as
hyperglycaemia worsens. Subjects with diabetes had significantly lower 30-min post
load insulin concentrations compared to non-diabetic subjects suggesting a defective
beta cell response in subjects who have type 2 diabetes. We have confirmed that
concentrations of proinsulin and des 31,32 proinsulin are elevated in diet treated
subjects with type 2 diabetes, though the proportion of these molecules varied in
different studies. Likely explanations for these results are the heterogeneity of diabetes

and different population of subjects included in these studies.

Intervention studies demonstrated that conventional treatment modalities such as
insulin or metformin treatment in type 2 diabetic subjects is associated with a
reduction in the concentrations of proinsulin-like molecules. In both intervention
studies the reduction in proinsulin-like molecules was significantly related to each other
suggesting a close relationship in the mechanisms which control their processing and
secretion. Metformin treatment was associated with improvements in insulin
sensitivity, and reduction in the concentrations of proinsulin-like molecules,
cardiovascular risk factors and of PAI-1 activity, but there were no significant
associations between reductions in concentrations of proinsulin-like molecules and
those of cardiovascular risk factors. However during insulin treatment, reductions in
PAI-1 activity was significantly associated with changes in concentrations proinsulin-
like molecules. The associations observed between proinsulin-like molecules and
cardiovascular risk factors especially PAI-1 activity in these studies raise the possibility
of a role of proinsulin-like molecules in the pathogenesis of cardiovascular disease

particularly in subjects with type 2 diabetes and warrants further studies.
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CHAPTER 2: INTRODUCTION AND REVIEW OF LITERATURE

2.1 Coronary artery disease

Coronary artery disease is one of the leading causes of morbidity and mortality in
industrialised nations. A number of studies have indicated both type 1 and type 2
diabetes to be a risk factors for coronary artery disease. Although accelerated
atherosclerosis is one of the main causes of excessive morbidity and mortality from
macrovascular disease in subjects with diabetes, other pathogenetic mechanisms may

also play an important role.

2.2 Diabetes and coronary artery disease

2.2.1 Post-mortem and angiocardiographic studies:

Patients with diabetes suffer from a generalised and premature atherosclerosis. This
was first evident from the findings of large autopsy studies which confirmed a three
to four fold excess of coronary atherosclerosis among subjects with diabetes than non-
diabetic subjects. Data from the International Atherosclerosis Project of 23000
coronary artery autopsies showed that diabetes was associated with increased
atherosclerotic lesions in both men and women (Robertson et al, 1968). Studies also
confirmed that subjects with diabetes had more severe atherosclerosis in the coronary
arteries (Robertson et al, 1968; Vigorita et al, 1980). Coronary angiographic studies
found that subjects with diabetes and impaired glucose tolerance (IGT) had more
severe atherosclerosis of coronary arteries (Hamby et al, 1976; Dortimer et al, 1978),
while others found no difference in the severity and extent of atherosclerotic lesions,
although subjects with diabetes tended to have more severe symptoms (Verska et al,

1975; Waller et al, 1980).

2.2.2 Population studies of mortality and morbidity
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Studies from Boston, Massachusetts showed that after the advent of insulin,
cardiovascular and renal disease were the leading causes of mortality (Entmacher et
al, 1964; Marks et al, 1971; Kessler, 1971). When data were analysed by the age of
onset of diabetes, in subjects with age at onset of more than 20 years, macrovascular
disease was the predominant cause of mortality. The proportion of deaths from
macrovascular disease was unrelated to duration of diabetes in subjects in whom onset

of disease occurred after 40 years of age (Kessler, 1971).

In Framingham, where subjects were followed for a period of sixteen years, it was
apparent that subjects with non-insulin dependent diabetes in general show excess
mortality from all causes especially coronary artery disease and the risk was 1.7 times
in males and 3.3 times in females compared to non-diabetic population (Garcia et al,
1974; Kannel et al, 1979). Macrovascular disease in general account for upto 50-75

% of all deaths in subjects with type 2 diabetes (Panzram, 1987).

Studies demonstrated an excess of electrocardiographic abnormalities (Reunanen et al,
1979; Ducimetiere et al, 1979) and symptoms of arterial disease in subjects with
newly discovered type 2 diabetes (Reunanen et al, 1979; Sakuma et al 1976, Stamler
etal, 1979a). In a follow-up study of 3822 hospitalised subjects with diabetes in Oslo,
Norway, coronary artery disease was the commonest cause of death, and the mortality
ratio of subjects with diabetes, below 70 years of age, was 4.3 for men and 8.6 for
women compared to a non-diabetic population (Westlund et al, 1969). However these
differences were less marked in subjects aged 70 years or more. A population based
survey showed that coronary heart disease mortality (CHD) was 2.8 times higher in
subjects with diabetes (Pell and D’Alonzo, 1970). Similarly studies from Bedford
showed that subjects with non-insulin dependent diabetes and impaired glucose

tolerance showed increased mortality compared with non-diabetic subjects (Jarrett et
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al, 1982). This study also showed that mortality was similar between men and women
with diabetes, whereas in non-diabetic cohorts men had excess mortality from CHD.
The Whitehall survey showed that increased risk of coronary artery disease was similar
between subjects with known diabetes and those with newly diagnosed diabetes
(Fuller et al, 1983), indicating that the risk of heart disease perhaps antedates the
onset of clinical diabetes. Among those with type 2 diabetes there was no relationship
with known duration of clinically diagnosed diabetes and CHD mortality. There was
also a linear relationship between cardiovascular mortality and 2-hr plasma glucose

concentrations among male subjects without diabetes (Jarrett et al, 1982).

Even the earliest evidence of impaired glucose tolerance is associated with increased
risk and mortality form coronary artery disease, a phenomenon observed in th.e
Whitehall study in the United Kingdom (Fuller et al, 1983) and also in a study from
Chicago (Stamler et al, 1979 b). It is well established that individuals with impaired
glucose tolerance from various populations have elevated levels of risk factors for
cardiovascular disease (CVD) (Keen et al, 1965; Ostrander et al, 1965) and this risk
translates into CVD end points in longitudinal studies (Fuller et al, 1983; Jarrett et al,
1982; Stern et al; 1985). In the Paris Prospective Study, in subjects with previously
known diabetes, CHD mortality was three times higher than in non-diabetic subjects
while subjects with newly diagnosed diabetes and those with impaired glucose
tolerance had 2.1 and 1.9 times excess mortality than non-diabetic subjects
respectively (Eshcwege et al, 1985). It is noticeable that in this study in subjects with
impaired glucose tolerance mortality rates were similar to subjects with newly
diagnosed diabetes. Subjects with impaired glucose tolerance showed increased

prevalence of CVD risk factors and hyperinsulinaemia.

A number of studies have also compared the prevalence of coronary artery disease,
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using standardised methods such as Rose questionnaire for angina pectoris and
Minnesota coding for electrocardiographic abnormalities, in subjects with diabetes and
those without. In Paris Prospective Survey the prevalence of ECG abnormalities was
2.6 times higher in diabetics than non-diabetics. In a Finnish study the prevalence of
CHD symptoms was nearly three times as high as in subjects with diabetes (Pyo6réla

et al, 1987).

The real evidence of increased coronary artery disease can be assessed only if an
increase in the number of new cases of coronary artery disease can be shown in
subjects with diabetes during prospective studies. In Framingham, during a period of
18 years, the incidence of all new cases of CHD was 1.7 times higher in males and 3.3
times higher in females (Garcia et al, 1974; Kannel et al, 1979). The results were
similar for angina pectoris and for sudden death, the two other common manifestations

of CHD.

Asian immigrant populations have been shown to have excess mortality from coronary
artery disease compared to the caucasian population in the UK (Tunstal Pedoe et al,
1975; Marmot et al, 1985; McKeigue et al, 1989; Balarajan et al, 1984). Population
surveys amongst Asian immigrants form other areas of the world have also shown
similar trends (Danaraj et al, 1959; Wyndham et al, 1982; Sorokin et al, 1975). The
underlying cause for this excess morbidity and mortalit\} is not explained on the basis
of conventional risk factors such as smoking, blood pressure, and serum cholesterol
(McKeigue et al, 1985; Beckles et al, 1986; Miller et al, 1988). Asian subjects in the
U.K also suffer from an excess of diabetes but even taking this higher prevalence of
diabetes into account a large proportion of the cardiovascular mortality remains

unexplained (McKeigue et al, 1989, Beckles et al. 1986).
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Population surveys have examined whether high rates of diabetes and the excess
mortality form coronary artery disease in Asian subjects in the UK are related to
syndrome of insulin resistance and its associated metabolic sequelae, a concept
popularised by Reaven {Reaven, 1988). These studies showed a strong tendency
towards a central distribution of obesity in Asian subjects which was associated with
higher fasting and post glucose load insulin concentrations, higher total triglyceride and
low HDL-cholesterol and higher blood pressure than caucasian subjects (McKeigue et
al, 1988; McKeigue et al, 1991; McKeigue et al, 1992). However little is known about
the cause of central obesity and the mechanisms by which central obesity can be

related to coronary artery disease in this population.

2.3 Coronary artery disease and cardiovascular risk factors in subjects with diabetes
The pathology of atherosclerotic vascular disease in diabetic subjects is generally
believed to be similar to that seen in subjects without diabetes, though a minority seem
to continue to subscribe to the view that there may be a specific diabetic
macrovascular disease affecting heart muscle (Regan et al, 1978; Ledet et al, 1979;
Fein et al 1985). Studies have demonstrated that the relationship of known risk
factors to subsequent development of coronary artery disease is similar in diabetic and
non-diabetic population (Kannel et al, 1979). There have been number of studies
examining the relationship of known risk factors for CHD in non-diabetic subjects, and
the effects of diabetes on such risk factors. In subjects with type 2 diabetes,
conventional risk factors such as smoking, obesity, physical activity, blood pressure,
serum lipids, fail to explain the excess of coronary artery disease (Garcia et al, 1974,
Fuller et al, 1983; Reunanen et al, 1979). Therefore, there may be other as yet
unknown risk factors which directly or indirectly may explain the excess of
cardiovascular disease in a diabetic population or the interaction between various risk

factors for coronary artery disease may be different for subjects with diabetes (Pdyréala



24

et al, 1987).

There is also a graded increase in levels of certain cardiovascular risk factors with
increasing glucose intolerance even at levels below that defined as IGT. In Mauritian
Asian Indians, fasting plasma triglyceride, fasting and 2-hr plasma glucose, fasting
serum insulin, and systolic and diastolic blood pressure rise linearly and significantly for
both sexes with increasing concentrations of 2-hr plasma glucose (Dowse et al, 1991).
A similar pattern has previously been shown in whites in Rancho Bernado (Barrett-

Connor et al, 1984).

However some cast doubt on the causal relationship of type 2 diabetes with excess
coronary artery disease and suggest that the occurrence of the two together is
coincidental with diabetes developing in subjects already at high risk of coronary artery
disease (Jarrett, 1984). This view is supported by studies showing a congregation of
risk factors for coronary artery disease in subjects destined to develop type 2 diabetes

and coronary artery disease later in life (Haffner et al, 1990; DeFronzo et al, 1991).

2.3.1  Plasma triglyceride

The role of triglyceride as an independent risk factors for coronary artery disease has
been a matter of considerable controversy over the last decade (Hulley et al, 1980;
Carlson et al, 1981; Lippel et al, 1981; Castelli, 1986). A strong association between
plasma triglyceride concentrations and ECG abnormalities was observed in the WHO
Multinational Study of Vascular Disease in diabetics, (West et al, 1983) an association
which persisted after controlling for the effect of age, sex, cholesterol, blood pressure
and relative body weight. However, in most prospective studies which showed a
relationship between plasma triglyceride and coronary artery disease in a univariate

analysis, such associations were no longer significant in a multivariate analysis
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including HDL-cholesterol and LDL-cholesterol. However, itis difficult to interpret such
a multivariate analysis because of a close relationship between plasma triglyceride and
HDL-cholesterol. Therefore one can not rule out the possibility of a role of triglyceride

in the pathogenesis of coronary artery disease.

The concentrations of plasma triglyceride and VLDL are elevated in subjects with IGT
(Capaldo et al, 1983), type 2 diabetes at the time of diagnosis and in those with long
duration of diabetes (Uusitupa et al, 1988; Barrett-connor et al, 1982; Laakso et al,
1985). These raised levels of triglyceride seen in subjects with type 2 diabetes and
IGT are not due to concomitant obesity often seen in these subjects (Uusitupa et al,
1988; Barrett-Connor et al, 1982; Laakso et al, 1985). The elevated plasma levels are
usually not normalised even after adequate control of hyperglycaemia, and qualitative
abnormalities still persist (Bagdade et al, 1990). Elevated triglyceride levels are a
results of increased hepatic production of VLDL and perhaps also due to impaired
clearance of VLDL due to decreased activity of lipoprotein lipase activity (Nlkkila et al,
1981). Women with type 2 diabetes show a greater increase in plasma triglyceride
concentrations than male diabetic subjects (Uusitupa et al, 1988; Walden et al, 1984,
Gordon et al, 1977). Therefore, in subjects with type 2 diabetes and IGT, the
disturbed triglyceride metabolism may make it an even more important risk factor for
IHD. Indeed the finding of Paris Prospective Study showed an independent association
between plasma triglyceride and coronary artery disease in subjects with diabetes and

impaired glucose tolerance (Fontbonne et al, 1989).

2.3.2 Serum cholesterol and LDL-cholesterol:
Cross sectional, prospective and intervention studies have clearly established total and
LDL-cholesterol as a risk factors for coronary artery disease in non-diabetic subjects (

Lipid Research Clinic Program, 1975, 1984, Castelliet al, 1986; Anderson etal, 1987;
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Carlson et al, 1988; Menninen et al, 1988; Brown et al, 1990). The finding of the
Framingham Study showed that the effects of total cholesterol on development of
coronary artery disease were similar in subjects with and without diabetes (Kannel et
al, 1979). The predictive value of serum cholesterol on CHD death was found to be
similar in subjects with and without diabetes, both in the Whitehall and the Finnish

Social Insurance Study population (Jarrett et al, 1985; Reunanen et al, 1979).

The results of studies of plasma cholesterol levels in subjects with type 2 diabetes
have been variable, some reporting elevated (Herman et al, 1977; Mattock et al, 1979;
Taylor et al, 1981; Taskinen et al, 1982) and others normal concentrations (Barrett-
Connor et al, 1982; Gordon et al, 1977; Durrington et al, 1980; Simpson et al, 1979;
Laakso et al, 1985; Uusitupa et al, 1986) compared to non-diabetic subjects of similar
age and sex. Similar results are also published from subjects with IGT, where some
studies have found elevated (Yano et al, 1982; Barrett-Connor et al, 1984) while

others normal (Capaldo et al, 1983) levels of LDL-cholesterol.

Recently, multiple subclasses of LDL have been recognised (Shen et al, 1981). These
qualitative abnormalities of LDL particle have been shown to be associated with CHD
(Austin et al, 1988; Musliner et al, 1988; Krauss et al; 1987). It has been shown that
high triglyceride levels are associated with increased LDL particle density in subjects
with coronary artery disease undergoing coronary angiography, compared with controls
(Crouse et al, 1985). Perhaps most significantly, in non-obese normal male subjects,
increased WHR is associated with increased LDL particle density, independently of
body mass index (Harris Peebles et al, 1989; Terry et al, 1989). In obese women, LDL
particle size was found to correlate negatively with fasting insulin levels (Barakat et al,
1990). Similarly LDL size and density but not total cholesterol are related to

hyperinsulinaemia and insulin resistance (Reaven et al, 1993, Sheu et al, 1993). In
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subjects with IGT and type 2 diabetes, LDL particle size was smaller than in the normal
glucose tolerant subjects (Barakat et al, 1990). Also in subjects with type 2 diabetes,
both poor glycaemic control and hypertriglyceridaemia are associated with increased
levels of atherogenic dense LDL particles, compared to normal controls, even when
there is no difference between the groups in terms of total or LDL cholesterol (James
et al, 1991). Itis therefore, possible that these qualitative abnormalities can have a
deleterious effect on coronary artery disease in subjects with type 2 diabetes and IGT

who are insulin resistant.

2.3.3 HDL-cholesterol

Studies in normal subjects have shown HDL-cholesterol to be a strong independent risk
factor for CHD (Miller et al, 1975, Gordon et al, 1977). The effect of HDL-cholesterol
on CHD seem to be similar in subjects with and without diabetes as was observed in
Framingham (Gordon et al, 1977). Most studies of the relationship of HDL-cholesterol
with CHD in subjects with diabetes have been of a cross-sectional nature. Welborn and
Laakso have shown an inverse association between HDL-cholesterol and CHD in
subjects with type 2 diabetes (Welborn et al, 1984; Laakso et al, 1985). Itis now well
established that subjects with type 2 diabetes particularly those with poor glycaemic
control have low HDL-cholesterol concentrations than subjects of similar age and sex
(Nikkila, 1984; Laakso et al, 1985; Barrett-Connor et al, 1982). Similar results of low
HDL-cholesterol were reported in subjects with IGT (Ganda et al, 1985), while one
study found no difference in HDL-cholesterol concentrations between subjects with and

without IGT (Capaldo et al, 1983).

2.3.4 Blood pressure

Both systolic and diastolic blood pressure are risk factors for coronary artery disease

in non-diabetic populations, and findings of the DuPont County Study after 10 year and
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the Framingham study after 20 vyears follow-up showed that the impact of
hypertension on CHD morbidity and mortality was similar in subjects with and without
diabetes (Pell et al, 1970; Kannel et al, 1979, MRFIT study, 1982). The results from
the Finnish Social Servants Study also showed that after at least six years of follow-up
of subjects aged 40-60 years, hypertension was a risk factor for coronary artery

disease in both diabetic and non-diabetic subjects (Aromaa et al, 1984).

The prevalence of hypertension is higher in subjects with than non-diabetic subjects
(Ostrander et al, 1965; Pell et al, 1967; Garcia et al, 1974, Ingelfelter et al, 1976;
Dupree et al, 1980; Modan et al, 1985) and this high prevalence is unexplained by
concomitant obesity (Uusitupa et al, 1985; Pell et al, 1967; Jarrett et al, 1982; Modan
et al, 1985) or renal disease (Drury et al, 1993). A number of possible mechanisms
have been suggested for the link between hypertension and type 2 diabetes
hyperinsulinaemia and insulin resistance being one of these (Modan et al. 1985,
Zavaroni et al, 1989). Similarly studies have also shown that subjects with IGT have
anincreased prevalence of hypertension (Jarrett et al, 1982; Yano et al, 1982; Barrett-

Connor et al, 1984; Cederholm et al, 1985; Modan et al, 1985).

2.3.5 Haemostatic and fibrinolytic factors:

There isincreasing evidence to implicate that abnormalities of coagulation, haemostatis
and fibrinolysis are associated with occurrence of coronary artery disease. Subjects
with coronary artery disease show attenuation of fibrinolysis (Chakrabarti et al, 1968).
Preliminary results of a prospective study from Northwick park showed that factor VIl
and factor VIl were predictors of CHD mortality (Meade et al, 1980). Subjects in this
study, who died of coronary artery disease also showed depressed fibrinolysis, an
association which was lost on longer follow-up. More recently, Increased levels of t-PA

inhibition has been shown to predict recurrence of acute myocardial infarction
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(Hamsten et al, 1985, 1987). Subjects with type 2 diabetes have been shown to have
reduced fibrinolysis compared to non-diabetic subjects (Fearnley et al, 1963) and
abnormalities of coagulation (Bern et al, 1980; Christie et al, 1984). A recent large
cross-sectional study found that depressed fibrinolysis is associated with CHD,
diabetes, higher triglyceride, smoking and impaired cardiac pump function (ECAT
Angina Pectoris Study Group, 1993). Fibrinolysis is markedly depressed in subjects
with type 2 diabetes and is due to an increase in PAIl-1 activity (Auwerx et al, 1988;

Wamsley et al, 1991).

Among non-diabetic subjects, higher fibrinogen is associated with coronary artery
disease (Nicolaides et al, 1977; Wilhelmsen et al, 1984; Stone & Thorp, 1985; Yarnell
et al, 1991). Prospective studies from Goteborg, Framingham and Leigh showed an
association of raised fibrinogen with coronary artery disease (Wilhelmson et al, 1984;
Kannel, 1987; Stone & Thorp, 1985). Studies in middle aged subjects with diabetes
showed that high plasma fibrinogen at baseline was associated with increased

subsequent coronary artery disease and CHD mortality (Schmechel et al, 1984).

2.4 Hyperinsulinaemia and its relationship with coronary artery disease

2.4.1 Non-diabetic subjects

The first suggestions that abnormal insulin/glucose homeostasis may be encountered,
not only in subjects with glucose intolerance, but also in subjects with normal glucose
tolerance, and that this is somehow associated with AVD, were made nearly 30 years
ago. By the early 1960’s, the association between IGT and coronary artery disease
(CAD), hypertension, and peripheral vascular disease, was widely documented
(Ostrander et al, 1965). Nikkila et al. found that 55% of non-obese survivors of

myocardial infarction had a hyperinsulinaemic response to an oral glucose tolerance
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test, and 10% a deficient response (Nikkila et al, 1965). This contrasted with fasting
insulin levels, which did not differ from a control group. IGT was also found in 29% of
these subjects- a finding supported by many other studies from this period. These
authors also noted the correlation between obesity and plasma insulin concentrations-
a subject to which we shall return in detail. At the same time, Peters and Hales
demonstrated both fasting and stimulated hyperinsulinaemia in 7 subjects 6-17 months
after myocardial infarction, compared to 7 normal controls (Peters and Hales, 1965).
A relationship between IGT and the prevalence of CAD was also found in the general
population in a sample of subjects from the Bedford study (Keen et al, 1965). in
subjects with essential hypertension and peripheral vascular disease, hyperinsulinaemia
also has been found in the presence of normal glucose tolerance (Welborn et al, 1963).
Therefore, by the mid 1960's it was clear that insulin resistance, hyperinsulinaemia,
and IGT were all associated with atherosclerosis, and this soon led to the explicit
hypothesis that insulin might play a primary role in atherogenesis (Stout et al, 1969).
In his 1988 Banting lecture, Reaven suggested a primary role for insulin resistance per
se, in the pathogenesis of dyslipidaemia and hypertension in subjects with type 2
diabetes, and in non-diabetic subjects, and therefore in the pathogenesis of AVD in the
general population (Reaven et al, 1988). This hypothesis is attractive because it
explains the commonly observed clustering of risk factors, and has been influential in
setting the agenda for much research. According to Reaven, insulin resistance,
hyperinsulinaemia, IGT, elevated VLDL triglyceride, decreased HDL cholesterol, and
hypertension, were all to be viewed as a syndrome with insulin resistance as the
antecedent. Since the original hypothesis by Stout in 1969, that insulin may be linked
to atherogenesis (Stout and Vallance-Owen, 1969; Stout, 1987) several populations

based and experimental studies have tried to explore this possibility.

Three population studies in non-diabetic subjects have demonstrated a relationship
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between hyperinsulinaemia and coronary artery disease. In the Helsinki Policemen
Study, 5 year follow up data showed that both fatal and non-fatal myocardial infarction
were commoner in those who had highest fasting, 1-hr, 2-hr and total insulin response
to oral glucose load. Multivariate analysis showed that 1-hr and 2-hr post glucose
insulin levels were independent predictors of coronary artery disease (Pyoréléd et al,
1979). In the Paris Prospective Study there was an association between 2-hr insulin
concentrations following oral glucose load and coronary artery disease but in a
multivariate analysis only fasting insulin was associated with coronary artery disease
(Ducimetiere et al, 1980, Eschwege et al, 1985). In a study in Busseleton total cardiac
deaths in men of 60-69 years, but not in women, were related significantly to fasting
plasma insulin concentrations (Welborn et al, 1979), and on multivariate analysis the

association of post load insulin and CHD mortality was lost.

In summary these three population surveys provide evidence of an association between
hyperinsulinaemia and ischaemic heart disease though results of these studies differ
from each other in details. Secondly, HDL-cholesterol concentrations, a strong predictor
of coronary artery disease were not measured in these studies. In a recent study from
Pima Indians, a population predisposed to high rates of type 2 diabetes, endogenous
insulin was not associated with ECG abnormalities of resting electrocardiographs in a
cross-sectional and prospective analyses (Liu et al, 1993). However despite high
prevalence rates of diabetes, the prevalence of CHD in non-diabetic Pima Indians is
extremely low compared to caucasian population and may have confounded the
results. However, the relationship of hyperinsulinaemia with CHD is far from
established and there are strong proponents of the argument against a role for insulin

causing atherogenesis (Jarrett, 1988; Durrington, 1992).
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2.4.2 Subjects with type 2 diabetes:

2.4.2.1 Cross-sectional studies

Studies relating insulin to atherosclerosis are indeed few in diabetic populations. In
studies of type 2 diabetes, subjects with atherosclerotic vascular disease were found
to have higher plasma insulin levels (Kashyap et al, 1970; Santen et al, 1972). In the
Shwabing study, both diabetic and non-diabetic subjects with macrovascular disease
had higher fasting C-peptide levels than those without (Standl et al, 1985). In the
same study macrovascular disease was commoner in those subjects who had highest
C-peptide levels, whether expressed independently or in relation to body mass index.
In Japanese and Japanese Americans with type 2 diabetes, hyperinsulinaemia was
reported to be associated with increased occurrence coronary artery disease (Fujimoto
et al, 1989). In subjects with type 2 diabetes treated with insulin, insulin dose was
a significant predictor of myocardial infarction after 5 year follow-up (Janka et al,

1987).

In 247 subjects with newly diagnosed type 2 diabetes, fasting and post load insulin
concentrations were associated with ECG abnormalities (Hillson et al, 1984). Elevated
concentrations of both insulin and C-peptide are related cross-sectionally to ECG
abnormalities in Japanese American men (Bergstrom et al, 1988). Recently a study
from Finland has shown insulin to be associated with coronary artery disease and acute
myocardial infarction in obese (BMI >27) diabetic men but not in normal subjects
particularly when corrected for body mass index (Ronnemaa et al, 1990). In this study
significant univariate associations were seen between various insulinogenic measures
and triglyceride levels. However, in Pima Indians no relationship of either endogenous
or exogenous insulin was seen with ECG abnormalities of CHD among subjects with

type 2 diabetes (Liu et al, 1993)
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24.2.2 Prospective studies

In the Oxford Study, referred to above, of 247 newly diagnosed subjects with type 2
diabetes, after five year follow-up fasting plasma insulin were higher in those subjects
who developed ECG abnormalities than those whose ECGs remained normal (Hillson
et al, 1984). However, in Bedford in subjects with borderline diabetes, a low 2-hr
plasma insulin was associated with increased risk of CHD after a 10 year follow-up
(Jarrett et al, 1982). In Pima Indians of Arizona, neither endogenous nor exogenous

insulin predicted ECG abnormalities in subjects with type 2 diabetes (Liu et al, 1993).

2.5 Hyperinsulinaemia and risk factors for cardiovascular disease

There is a close relationship between insulin, triglyceride metabolism and HDL-
cholesterol metabolism (Olefsky et al, 1974; Orchard et al, 1983; Laakso et al, 1987;
Zavaroni et al, 1989). Insulin plays an important part in regulating levels of plasma
triglycerides through its influence on VLDL triglyceride production. This is particularly
the case in the subjects with diabetes as there is excess of substrate availability
(Olefsky et al, 1974; Greenfield et al, 1980). Recently an inverse relationship between
HDL-cholesterol and insulin has been shown (Cambien et al, 1987; Laakso et al, 1985,
1990). It is suggested that insulin, through its effects on triglyceride and HDL-
cholesterol can accelerate atherogenesis (Reaven, 1988). Similarly decreased HDL-
cholesterol and increased VLDL in subjects with IGT is also related to endogenous
hyperinsulinaemia, which reflect insulin resistance (Sheng et al, 1986). The effects of
insulin on cholesterol and LDL-cholesterol is not so clear. However, insulin increases
the number of LDL receptors on cultured skin fibroblasts (Chait et al, 1979). However
insulin treatment in subjects with type 2 diabetes is associated with lowering of plasma
triglyceride and an increase in HDL-cholesterol, changes which are likely to be

associated with reduced risk of coronary artery disease (Taskinen et al, 1988).
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Hypertriglyceridaemia also appears to inhibit LDL receptor binding in cultured skin
fibroblasts (Hiramatsu et al, 1985), providing another possible link between cholesterol
metabolism on the one hand and insulin resistance on the other due to the relationship
of insulin resistance with high triglyceride levels. As discussed previously, LDL particle
which is more atherogenic and is linked to hyperinsulinaemia or insulin resistance, may

also play an important role in the pathogenesis of coronary artery disease.

A recent study, however, has reported that in the absence of diabetes, hypertension
and obesity, measures of insulinaemia are not consistently related to blood pressure
or to measures of lipid metabolism and coagulation, and are thus poor predictors of
other cardiovascular risk factors. The same study found that the dominant association
of fasting and post glucose load insulinaemic measures were with triglyceride,
especially in women, with less frequent graded differences between quintiles observed
for cholesterol, systolic and diastolic blood pressures (Winocour et al, 1989). In the
San-Antonio Heart study the association of hyperinsulinaemia with risk factors for
coronary artery disease was assessed in a population based study of 614 Mexican
Americans without diabetes (Haffner et al, 1986). Forty three subjects subsequently
developed diabetes during follow up. These subjects had higher baseline values of
several risk factors, including fasting and 2-hr glucose concentrations, fasting insulin,
total and LDL-cholesterol, and body mass index, and lower levels of HDL-cholesterol.
These differences persisted after adjustments for obesity or level of glycaemia, but
were not significant when corrected for plasma insulin concentrations. When subjects
with IGT at baseline were excluded the more atherogenic risk profile persisted. These
findings provide credence to the theory that subjects destined to develop diabetes may
be at increased risk of coronary artery disease many years before onset of diabetes and
that this may be related to fasting hyperinsulinaemia. The relationship of

hyperinsulinaemia with adverse changes in lipid and lipoproteins is likely to be a
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reflection of underlying insulin resistance as studies have shown a direct relationship
between insulin resistance and serum lipoprotein (Abbott et al, 1987, Garg et al, 1988)

as well as plasma HDL-cholesterol and triglyceride concentrations (Laws et al, 1992).

2.6 Hyperinsulinaemia and hypertension

Hypertension is an important risk factor for cardiovascular disease and
hyperinsulinaemia and or insulin resistance is implicated in the regulation of blood
pressure (Ferrannini et al, 1990). Subjects with type 2 diabetes have increased
prevalence of hypertension which is not related entirely to the presence of diabetic
renal disease (Drury et al, 1983). Hypertensive subjects have higher insulin levels in
response to oral glucose when compared to normotensive controls and this
hyperinsulinaemia is not related to age or therapy for hypertension (Welborn et al,
1966; Berglund et al, 1976; Asch et al, 1991). In an Israeli population, there was a
highly significant relationship between hypertension and glucose intolerance
independent of the effects of age, sex, obesity and antihypertensive treatment. In a
subgroup fasting insulin and post glucose insulin were significantly elevated in
hypertensive subjects. The highest insulin levels were found in subjects who had the
combination of hypertension, obesity and glucose intolerance (Modan et al, 1985).
These findings point to the fact that the presence of hypertension is associated with
a state of peripheral insulin resistance. Insulin levels have been shown to correlate
with both systolic and diastolic blood pressures (Manicardi et al, 1986; Bonora et al,
1987) and with insulin resistance as measured by euglycaemic clamp (Ferrannini et al,
1987). In a study of newly diagnosed type 2 diabetic subjects hyperinsulinaemia
correlated with blood pressure and the association was independent of the effects of

obesity (Uusitupa et al, 1987).

Intervention studies in non-diabetic obese subjects with dietary treatment aimed at
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weight reduction have shown a fall in blood pressure as well as insulin concentrations,
there being a significant relationship between changes in insulin levels and changes in
blood pressures (Rocchini et al, 1987). In a study of young men with untreated
essential hypertension who were neither obese nor had diabetes, insulin stimulated
glucose uptake measured using euglycaemic clamps was markedly impaired. Insulin
resistance observed in these subjects affected only glucose but not lipid metabolism
and was localised to skeletal muscle and not being seen at the hepatic level (Ferrannini
et al, 1987). In a study of 16 subjects with type 2 diabetes - 8 with and 8 without
hypertension, insulin resistance, measured with the euglycaemic clamp technique,
correlated with mean arterial blood pressure, whereas the fasting insulin level showed

no association (Gans et al, 1991).

However recent studies from the Pima Indians a population characterised by obesity,
insulin resistance, hyperinsulinaemia and a high prevalence of diabetes, have failed to
show any association between insulin and blood pressure (Saad et al, 1991). Similarly
results of studies from Mauritius indicate that there may be ethnic variability in the
relationship of insulin to blood pressure (Dowse et al, 1993). There are several
mechanisms by which hyperinsulinaemia might be related to hypertension. These
include the effects of insulin on renal sodium reabsorption (DeFronzo et al, 1981) and
enhanced sympathetic activity (Landsberg 1986). In summary, essential hypertension
has been shown to be associated with both hyperinsulinaemia and hypertension. The
insulin resistance of essential hypertension manifests itself as a selective inability of
insulin to stimulate glycogen synthesis in skeletal muscle. The relationship if any of

proinsulin-like molecules with hypertension is not known.

2.7 Hyerinsulinaemia, insulin resistance, PAI-1 and coronary artery disease

The fibrinolytic system is a complex enzyme cascade which leads, in its final step, to
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the conversion of plasminogen to plasmin- a step essential for degradation of fibrin.
A simplified scheme is shown in figure 2.1. While tissue plasminogen activator (t-PA)
and urokinase are the two main activators of this system, PAI-1 is the major circulating
inhibitor of t-PA (Auwerx et al, 1988). Raised levels of PAI-1, therefore, by inhibiting
fibrinolysis can either initiate or propagate thrombotic events. Fibrin deposition is
universal in human atherosclerotic plaque (Thompson and Smith, 1989; Smith et al,
1990; Bini et al, 1989) and it may contribute to the growth of plaque tissue by a
variety of mechanisms such as stimulation of cell proliferation (Naito et al, 1992) and
by its capacity to bind low density lipoprotein hence leading to its accumulation in the
atherosclerotic plaque (Smith et al, 1976; Smith and Cochran, 1990). The role of
arterial fibrin deposition in the occlusion of coronary arteries by way of thrombus
formation is well recognised. Hypofibrinolysis, therefore, by decreased removal of fibrin

could initiate and also play part in the progression of atherothrombosis.

Hypofibrinolysis has previously been shown to be associated with obesity (Shaw et al,
1965), hypertriglyceridaemia (Andersen et al, 1981) and diabetes (Fearnley et al,
1963). Recently this defect in fibrinolysis has been attributed to increased activity of
PAI-1, a fast acting inhibitor of tPA (Auwerx et al, 1988; Wiman et al, 1990). Several
studies have shown that PAI-1 activity is elevated in subjects with coronary artery
disease (Paramo et al, 1985; Hamsten et al, 1985; Mehta et al, 1987) and in men
under 45 years of age with myocardial infarction PAl-1 appears to be independent risk
factor for recurrent myocardial infarction (Hamsten et al, 1987). PAI-1 activity levels
have been shown in a prospective study as best predictor of progression of
atherosclerosis but only in subjects with impaired glucose tolerance (Bavenholm et al,

1990).

Studies have also shown that a strong correlation exists between PAI-1 activity and
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Figure 2.1: Schematic representation of the fibrinolytic pathway and its major inhibitors
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body mass index (Vague et al, 1989; Landin et al, 1990) centrality of obesity as
measured by waist-to-hip ratio (Landin et al, 1990; Sundell et al, 1989) and triglyceride
levels (Mehta et el, 1987; Hamsten et al, 1987; Vague et al, 1987; Sundell et al,
1989). PAI-1 levels are elevated in subjects with type 2 diabetes (Auwerx et al, 1988;
Juhan-Vague et al, 1989; Almer et al, 1988; Gram et al, 1988; Wamsley et al, 1990)
while insulin dependent diabetic subjects seem to have normal or low levels (Wamsley
et al, 1990). Similarly hypertensive men also have higher PAI-1 levels (Landin et al,
1990) and PAI-1 activity correlate with systolic blood pressure (Sundell et al, 1989).
PAI-1 levels show correlation with fasting insulin concentration in normal subjects with
a wide range of body mass index (Vague et al, 1986), non-diabetic obese women
(Juhan-Vague et al, 1987), subjects with type 2 diabetes (Juhan-Vague et al, 1989)
and with angina pectoris (Juhan-Vague et al, 1989). Similar findings have been
reported in non-obese hypertensive subjects (Landin et al, 1990), and obese children
(Legnani et al, 1988). This relationship of PAI-1 with insulin seems to be independent

of other risk factors.

Insulin has been shown to increase PAI-1 production from HepG2 cell lines and this
effect was not due to cell proliferating effect of insulin but to increase in levels of PAI-
1 mRNA (Alessi et al, 1988; Kooistra et al, 1989, Grant et al, 1990). On the other
hand in-vivo studies have failed to show stimulatory effects of insulin on PAI-1 levels
during short term infusion (Grant et al, 1990; Potter Van Loon et al, 1990). The
mechanism by which insulin may influence PAI-1 release from hepatic cells may be
direct or through its effects on lipoprotein metabolism. There is a relationship between
PAI-1 activity and triglyceride levels. Purified VLDL triglyceride have been shown to
stimulate the PAI-1 secretion from endothelial cells from umbilical vein, this stimulating
effect being dependent on the binding of lipoproteins to ApoB/E receptor on the cells

and was abolished in the presence of antibody against ApoB/E receptors (Stiko-Rahm
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et al. 1990). Similar finding of increased PAI-1 synthesis from cultured endothelial
cells under the effects of native and modified LDL have been described (Latron et al,
1990; Tremoli et al, 1993) have been have been described recently. There is a strong
possibility that insulin may affect PAI-1 synthesis from hepatocytes and that insulin
resistance and consequent hyperinsulinaemia may increase the risk of coronary artery
disease by enhancing thrombus formation due to decreased fibrinolysis by increasing

levels of PAI-1.

The beneficial effect of exercise on insulin resistance is well known (Koivisto et al,
1986). Physical training and weight loss due to dietary modifications has been shown
to improve fibrinolytic activity (Sundell et al, 1989; Huisveld et al, 1990; Folsom et
al, 1993; Gris et al, 1990) and it is likely this improvement may be mediated by
increase in insulin sensitivity due to weight loss. The relationship between PAI-1 and
insulin was further strengthened by intervention studies aiming to reduce insulin
concentrations by reducing insulin resistance. Fasting is associated with reduction in
fasting insulin concentrations and a reduction in PAI-1 levels (Vague et al, 1986). The
significant relationship between PAI-1 and insulin and a simultaneous reduction in both
these parameters by various interventions may suggest that insulin might directly or

indirectly influence circulating PAI-1 activity.

2.8 Hyperinsulinaemia, obesity, body fat distribution, and coronary artery disease.
Obesity is associated with increased mortality from coronary artery disease (Hubert et
al, 1983) but it is not clear as to whether this is an independent association (Tumilehto
et al, 1987). Obesity is an insulin resistance state (Caro, 1991) and is associated with
impaired glucose tolerance, hypertension and hyperlipidaemia and the relationship of

obesity with ischaemic heart disease may therefore be an indirect one.
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Both non-diabetic and diabetic obese subjects show fasting hyperinsulinaemia and
exaggerated insulin responses to oral glucose c_ompared to their non-obese
counterparts (Bagdade et al, 1968, 1974). Conversely caloric restriction and weight
reductionin obese subjectsis associated with lowering of fasting insulin concentrations

and a reduced insulin response to glucose challenge (Olefsky et al, 1974).

Attention has been focussed on body fat distribution with obesity being categorised
as central or abdominal and peripheral or gluteal (Vague, 1956). There is an positive
independent association between upper body obesity with cardiovascular disease and
glucose intolerance, independent of body mass index, in both male and female sex
(Larsson et al, 1984; Lapidus et al, 1984, Ohlson et al, 1985; Lundgren et al, 1989).
This relationship of upper body obesity with cardiovascular disease and glucose
tolerance is due the excess accumulation of intraabdominal fat which plays a central
role in glucose and lipid metabolism (Fujioka et al, 1987; Bjorntdrp, 1990; Pouliot et
al, 1982). Although obesity is associated with hyperinsulinaemia (Pederson, 1989) the
closest association is with upper body obesity (Stern et al, 1986, Peiris et al, 1986).
in women, upper body obesity is associated with higher glucose and insulin response
to oral glucose test (Kissebah et al, 1982) and presence of impaired glucose tolerance
did not change this relationship. Increasing waist-to-hip ratios were accompanied by
increasing fasting insulin levels (Evans et al, 1984). How upper body obesity is
associated with hyper insulinaemia and insulin resistance remains to be understood
completely although there are suggestions that this may be due do decreased hepatic
insulin extraction or metabolic clearance rate of insulin (Yki-Jarvinen et al, 1985, Peiris

et al, 1986).

Similarly in subjects with diabetes a central distribution of fat is associated with

increased frequency of macrovascular disease, hypertension, higher triglyceride and
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low HDL-cholesterol (Van-Gall et al, 1988) and in the Paris Prospective Study, in
subjects with IGT and type 2 diabetes, a central distribution of body fat was associated
with coronary artery disease (Fontbonne et al, 1992). In summary upper body obesity
is associated with coronary artery disease, diabetes, hyperinsulinaemia, hypertension

and hypertriglyceridemia independent of body mass index (BMI).

2.9 Physical activity and Cardiovascular disease

Physical activity has been demonstrated to be associated with reduced risk of heart
attacks and increased longivity in non-diabetic populations (Leon et al, 1987,
Paffenberger et al, 1993; Sandvik et al, 1993). Physical activity has been shown to be
associated with a significantly improved CVD risk factor profile (Cooper et al, 1976;
Lehtonen et al, 1978; Gibbons et al, 1983). Studies in Mauritian women showed that
diabetes, impaired glucose tolerance, 2-hr plasma glucose, fasting and 2-hr insulin and
serum triglyceride were higher in inactive women, and HDL-cholesterol lower, than a
group with higher physical activity (Zimmet et al, 1991, Dowse et al, 1991). In this
study the results of physical activity on cardiovascular risk factors were shown to be

mediated via its effects on insulin-glucose metabolism (Zimmet et al, 1991).

2.10 Physical activity and diabetes

The effect of exercise on carbohydrate metabolism suggests that exercise may be an
important protective factor for the development of Type 2 diabetes (Koivisto et al,
1986, Rosenthal et al, 1993). Cross-sectional studies strongly support the association
of physical activity with a low prevalence of type 2 diabetes in physically active men
and this association was independent of age, BMI, and urban living (Helmrich et al,
1991; Manson et al, 1991). Recently physical activity has been shown to be an
independent risk factor for type 2 diabetes in Hindu Asian Indians, Creole men, and

Hindu women living in Mauritius (Dowse et al, 1991). Studies form Pima Indians have
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also shown a significant and negative relationship between physical activity and upper
body fat distribution, suggestive of a mechanisms through which physical activity may

be related to development of diabetes (Kriska et al, 1993).

2.11 Congregation of multiple risk factors

Hyperinsulinaemia is associated with individual risk factors for cardiovascular disease
and a number of studies have shown that among populations there is a clustering of
risk factors such as hyperinsulinaemia, obesity, impaired glucose tolerance,
hypertension, high plasma triglyceride and low HDL-cholestero! (Florey et al, 1976;
Burke et al, 1986; Cambien et al, 1987; Zavaroni et al, 1989, 1992; Haffner et al,
1992; Fontbonne et al, 1992; DeFronzo et al, 1992, Zimmet et al, 1984). Reaven has
suggested that the underlying mechanism for the congregation of these risk factors is
the presence of insulin resistance (Reaven 1988). It seems that a low level of physical
activity may play an important part in determining the levels of several components of

hyperinsulinaemia insulin resistance syndrome (Zimmett, 1991).

2.12 Proinsulin-like molecules in Type 2 diabetic subjects

Insulin is produced in the pancreatic beta cells from its precursor molecule proinsulin
(Fig 2.2) (Steiner and Oyer, 1967), which in itself arises from its precursor
preproinsulin (Steiner et al, 1989). Conversion of proinsulin to insulin and C-peptide
occurs within the secretory granules and the steps involved in its conversion are shown
in figure 2.3 (Rhodes et al, 1992; Rhodes and Alacron, 1994). The first step in
proinsulin conversion is its cleavage by an endoprotease which occurs either at the
junction of B-chain/C-peptide or at the C-peptide/A-chain junction. This is followed by
the removal of C-terminal basic amino acids by enzyme carboxypeptidase H. This
process leads to two split proinsulin conversion intermediates, which are subjects to

further action of these enzymes leading to the generation of mature insulin molecule



60- ?

A 33<

60-

G A 33<

A 33<
A 33<


































































































































































































































































































































































































































































































































































































































































