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Introduction

Diabetes mellitus is a strong risk factor for development of arteriosclerosis
and in patients with diabetes myocardial infarction is a major cause of death.
There is also a positive relationship between blood glucose and coronary
artery disease even below the threshold for diagnosis of diabetes mellitus.
Traditional risk factors for myocardial infarction, such as elevated blood
lipids, hypertension and smoking, have been paid much attention whereas
blood glucose per se seems to have been neglected.
Intensive insulin treatment and intensive secondary preventive measures
improve the outcome of acute myocardial infarction in patients with
diabetes. Consequently, it is important to identify patients with and without a
previous diagnosis of diabetes mellitus at admission for acute myocardial
infarction. Actually, there are a considerable number of people with
undiagnosed diabetes, even with manifest complications of the disease, in
the community. Furthermore, diagnosing diabetes during the early phase of
acute myocardial infarction is considered problematic owing to stress-
induced hyperglycaemia.

In this thesis, two populations of patients have been studied. In the first
study, the prevalence of diabetes mellitus in acute myocardial infarction and
the importance of the glycaemic state for the long-term prognosis were
investigated in all patients admitted to the Coronary Care Unit at Västerås
Central Hospital during one year. In the second study, the prevalence of
impaired glucose tolerance, diabetes mellitus and other metabolic
abnormalities was investigated in patients with acute myocardial infarction
and without known diabetes in a population from Coronary Care Units at
Västerås Central Hospital and Karolinska Hospital, Stockholm.
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Background

Diabetes
Diabetes mellitus is a disease that has been known for over 3500 years and
was described in Papyrus Ebers. The word “diabetes” indicates that the
patient is thirsty and has a great amount of urine while “mellitus” means
sweet like honey, referring to the taste of the urine.

The two major types of diabetes are type 1 and type 2. Type 1 indicates the
process of beta-cell destruction which may ultimately lead to an absolute
insulin deficiency in which insulin is required for survival [1]. In contrast,
type 2 diabetes is characterised by relative insulin deficiency, i.e. a disorder
of insulin action and insulin secretion, either of which may be predominant
[1]. Type 1 diabetes usually develops before adulthood whereas type 2
diabetes most commonly first appears in adults [1]. Type 2 diabetes is the
most common form of diabetes and a worldwide epidemic increase is
expected during the first quarter of the 21 st century [2, 3]. Epidemiological
studies have shown that when Pacific and Asian populations change their
lifestyle to a Western one, lack of exercise and adverse dietary changes
result in obesity, predisposing to type 2 diabetes [4]. Furthermore, the
prevalence of diabetes has also increased considerably in Western
populations, particularly in the elderly [4-6]. In Sweden, the prevalence of
diabetes is 3-4.5% [7], with a substantial increase among elderly people [8].
Patients with diabetes are at risk for micro-vascular complications , such as
nephropathy, retinopathy and neuropathy, which can largely be prevented by
tight glucose control [9, 10]. Besides the well-known micro-vascular
complications of diabetes, there is a rapidly growing epidemic of macro-
vascular complications, including diseases of coronary arteries, peripheral
arteries and carotid vessels, in the burgeoning type 2 diabetic population
[11].
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The case for intensive pharmacological treatment of diabetes
In the Diabetes Control and Complication Trial (DCCT), published in 1993,
over 1400 patients with type 1 diabetes were randomised to intensive or
conventional treatment and were followed for 6.5 years [9]. Intensive
treatment effectively delayed the onset and slowed the progression of
diabetic retinopathy, nephropathy and neuropathy in patients with type 1
diabetes. The incidence of macro-vascular events was almost twice as high
in the conventionally treated group as in the intensive treatment group.
Although the differences were not statistically significant because of the low
number of events, the result suggests a potentially beneficial effect of
intensive treatment on macro-vascular complications in type 1 diabetes [12].
Patients included in the DCCT study are still followed in the Epidemiology
of Diabetes Interventions and Complications study [13].
In the United Kingdom Prospective Diabetes Study (UKPDS), 3800 newly
diagnosed patients with type 2 diabetes, median age 54 years, were
randomised to intensive treatment (suphonylurea or insulin) or conventional
treatment (diet) and followed for 10 years [10]. Intensive blood glucose
control substantially decreased the risk of micro-vascular complication, but
not macro-vascular disease. Metformin, affecting insulin resistance [14] in
overweight patients with diabetes, showed a greater effect than suphonylurea
or insulin for any diabetes-related endpoint and all-cause mortality [15]. In
the UKPDS, there was also a randomised controlled trial comparing two
types of control of blood pressure; tight and less tight [16]. Tight blood
pressure control in patients with type 2 diabetes led to a clinically important
reduction in deaths related to diabetes, complications related to diabetes and
progression of diabetic retinopathy [16]. Furthermore, lipid lowering
treatment is also an important component of treatment to prevent macro-
vascular diseases [17-19]. According to the UKPDS, potentially modifiable
risk factors for coronary artery disease in patients with type 2 diabetes are
increased concentration of low density lipoprotein cholesterol (LDL-C),
decreased concentrations of high density lipoprotein cholesterol (HDL-C),
hyperglycaemia  and smoking [20].

Pathogenic mechanisms of diabetes
The pathogenic mechanisms underlying type 2 diabetes are insulin resistance
(characterised by impaired insulin action) and/or deficiency in insulin
secretion [4]. Insulin resistance is found in most people with type 2 diabetes
and is present for years in the pre-diabetic state. A compensatory increase in
insulin secretion from the pancreas to overcome the impaired insulin action
maintains glucose levels within the normal range, but finally beta-cell
function declines, leading to frank hyperglycaemia – a hallmark of diabetes
(Figure 1).
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Figure 1. Development of insulin resistance, impaired insulin secretion, fasting
glucose, and microvascular and macrovascular complications in pre-diabetes and
frank diabetes. Data from Laakso et al [4]3.

Furthermore, onset of type 2 diabetes occurs several years before clinical
diagnosis since a substantial proportion of patients already have
complications at the time of diagnosis [21].

Acute myocardial infarction
Myocardial infarction can be defined from different perspectives related to
clinical, electrocardiographic, biochemical and pathological characteristics.
It is accepted that the term myocardial infarction reflects death of cardiac
myocytes caused by prolonged ischemia [22].
Acute myocardial infarction is most often caused by a sudden reduction of
coronary blood flow caused by disruption of an atherosclerotic plaque
associated with inflammation, thrombosis, vasoconstriction and
microembolisation [22, 23].

3 Copyright 2003, with permission from Elsevier. Reprinted from European Heart Journal, V5
(Suppl B): B5-B13, M. Laakso and J. Kuusisto. Understanding patient needs Diabetology for
cardiologists.
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The true natural history of myocardial infarction is hard to establish because
of the common occurrence of silent infarction, the out-of-hospital mortality
and varying diagnostic methods [22]. Nevertheless, the overall mortality
from acute myocardial infarction in the first month is between 30% and
50%, and about half of these deaths occur within the first hours, most often
outside hospital [22]. There has been a substantial fall in fatality among
those treated in hospital. Before the introduction of coronary care units in the
1960s, the in-hospital mortality was about 25-30% whereas nowadays the
overall one-month mortality has been reduced to 6-7%, at least in those
participating in large-scale studies [22]. The WHO-MONICA project has
demonstrated that decreased coronary event rates explained two thirds and
decreased case fatality one third of the decline in coronary heart disease
mortality [24].

Cortisol and acute myocardial infarction
The magnitude of rise in glucose during the early phase of acute myocardial
infarction has been attributed to the degree of left ventricular failure [25] and
stress hormones like cortisol and catecholamines are among the determinants
of glucose concentration [26-30]. Plasma cortisol rises early in response to
acute myocardial infarction and falls within 28-72 hours [29, 30]. In most
studies [31-34] but not in all [35], plasma cortisol is raised in proportion to
the size of the infarction and a rise in plasma cortisol in the acute phase of
myocardial infarction is related to a poor outcome [36, 37]. The cortisol
response to acute myocardial infarction is independent of age [38, 39]. In
both men and women, mean cortisol levels increase with age [40]. Normally
there is circadian rhythm of cortisol, with the lowest levels between 10.00
pm and 04.00 am [41] , which is preserved in old age [40].

How to diagnose impaired glucose tolerance and
diabetes mellitus
In 1985 diabetes mellitus was defined according to the World Health
Organisation (WHO) criteria as fasting venous or capillary blood glucose
(F-BG) >6.7 mmol/L on two occasions or a 75 g oral glucose tolerance test
(OGTT) with a 2 h capillary blood glucose (BG-120) >11.1 mmol/L and
impaired glucose tolerance was defined as a normal F-BG and a BG-120
7.8 -11.0 mmol/L [42].
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In 1997, the American Diabetes Association (ADA) proposed new criteria
for diabetes, lowering the F-BG to 6.1 mmol/L (Table 1) [43]. Furthermore,
ADA recommended exclusion of the OGTT from routine medical practice
and they also added an impaired fasting blood glucose category;
5.6-6.0 mmol/L [43].

Table 1. ADA criteria for the diagnosis of diabetes mellitus.

1. Symptoms of diabetes plus casual plasma glucose concentration >11.1
mmol/L (capillary blood glucose >11.1 mmol/L). Casual is defined as any
time of day without regard to time since last meal. The classic symptoms of
diabetes include polyuria, polydipsia, and unexplained weight loss.
or
2. Fasting plasma glucose >7.0 mmol/L (fasting venous or capillary blood
glucose ≥ 6.1 mmol/L). Fasting is defined as no caloric intake for at least 8 h.
or
3. 2-h plasma glucose ≥ 11.1 mmol/L during an oral glucose tolerance test
(capillary blood glucose ≥ 11.1 mmol/L). The test should be performed as
described by WHO using a glucose load containing the equivalent of 75-g
anhydrous glucose dissolved in water.

In the absence of unequivocal hyperglycemia with acute metabolic decompensation,
these criteria shold be confirmed by repeat testing on a different day. The third
measure (OGTT) is not recommended for routine clinical use.

In 1998, the WHO recommended similar criteria but was less restrictive
about the use of OGTT (Table 2) [1].

By lowering the F-BG level, it was deemed possible to include most people
with a BG-120 >11.1 mmol/L and it was hoped that eliminating the OGTT
would lead more individuals to be screened, diagnosed and treated [44].
However, epidemiological data from the Diabetes Epidemiology
Collaborative analysis Of Diagnostic criteria in Europe (DECODE) study
group have shown that if F-BG is used alone, the 31% of diabetic subjects
with a non-diabetic F-BG value but a diabetic BG-120 value will not be
diagnosed and that impaired fasting glucose values and impaired glucose
tolerance do not identify the same people [45]. A significant proportion of
especially older people with diabetes have an isolated post-challenge
hyperglycaemia that would have been missed if only F-BG were used
[46-50].



7

Table 2. WHO criteria from 1998 for the diagnosis of diabetes mellitus and other
categories of hyperglycemia.

aCorresponding values for capillary plasma are; for Diabetes Mellitus, fasting ≥7.0
(≥126), 2-h ≥12.2 (≥220); for IGT, fasting <7.0 (<126) and 2-h ≥8.9 (≥160) and
<12.2 (<220); and for IFG ≥6.1 (≥110) and <7.0 (<126) and if measured, 2-h <8.9
(<160).
For epidemiological or population screening purposes, the fasting or 2-h value after
75 g oral glucose may be used alone. For clinical purposes, the diagnosis of
diabetes shold always be confirmed by repeating the test on another day unless
there is unequivocal hyperglycaemia with acute metabolic decompensation or
obvious symptoms.

Unfortunately , the reproducibility of the post-challenge glucose level
is poor. BG-120 has a within-subject coefficient of variation of 20-35%,
which causes substantial reclassification of subjects with levels close to the
diagnostic levels for diabetes [51-54] and the test has to be repeated to settle
the diagnosis [52, 55]. In order to diagnose all people with impaired glucose
tolerance and diabetes, an OGTT has to be performed if F-BG >4.4 mmol/L
[56].

In a middle-aged Swedish female population, the optimum cut-off value for
F-BG was 5.3 mmol/L, giving both a sensitivity and specificity of 77.0%,
but a positive predictive value of only 11.9%, to diagnose diabetes with a
BG-120 [57].
An argument against the use of OGTT is that it is time-consuming and
requires co-operation by the patients.

Glucose concentration (mmol l -1( mg dl-1))
Whole blood Plasma a

Venous Capillary Venous
Diabetes Mellitus:
Fasting
or
2-h post glucose load
or both

≥ 6.1 (≥110)

≥ 10.0 (≥180)

≥ 6.1 (≥110)

≥ 11.1 (≥200)

≥ 7.0 (≥126)

≥ 11.1 (≥200)

Impaired Glucose Tolerance (IGT):
Fasting concentration (if measured)
and
2-h post glucose load

< 6.1 (<110)

≥ 6.7 (≥120) and
< 10.0 (<180)

< 6.1 (<110)

≥ 7.8 (≥140) and
< 11.1 (<200)

< 7.0 (<126)

≥ 7.8 (≥140) and
< 11.1 (<200)

Impaired Fasting Glycaemia  (IFG)
Fasting

2-h ( if measured)

≥ 5.6 (≥100) and
< 6.1 (<110)
< 6.7 (<120)

≥ 5.6 (≥100) and
< 6.1 (<110)
< 7.8 (<140)

≥ 6.1 (≥110) and
< 7.0 (<126)
< 7.8 (<140)
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HbA1c
HbA1c reflects the exposure of glycaemi over time and there is a positive
correlation between clinical complications in diabetes and the level of
HbA1c [9, 58]. HbA1c is analysed with a Mono S high-performance liquid
chromatography (HPLC) system [59]. The coefficient of variation for intra-
laboratory and inter-laboratory analyses of HbA1c in hospital laboratories is
less than 3% [60]. There is a satisfactory agreement between HbA1c values
from capillary blood on filter paper and HbA1c values from venous blood
[61]. For Swedish non-diabetic people with normal fasting glucose levels,
reference values for HbA1c analysed with Mono-S HPLC system are
3.6%-5.0% between 20-50 years and 4.0-5.4% over 50 years [62]. A new
reference method has recently been approved by the International Federation
of Clinical Chemistry and Laboratory Medicine which will be the basis for
future standardisation of HbA1c routine assays world-wide [60].

F-BG and HbA1c may be combined to select people suitable for OGTT to
diagnose diabetes mellitus [59, 63-67] but not to predict impaired glucose
tolerance [66]. HbA1c alone is not sufficient to exclude or to diagnose
diabetes [51, 59, 68, 69]. In a meta-analyses using mean HbA1c level plus 4
SDs as cut point, the sensitivity was 36 % and specificity was 100%
compared with the results of the OGTT [68]. In a study from Singapore
using the optimum cut point for HbA1c the sensitivity was 81% and
specificity was 88% in comparison to the results of OGTT for diagnosis of
diabetes mellitus[65]. If fasting glucose and HbA1c were used together the
sensitivity was 72% and specificity was 95% to predict diabetes according to
OGTT [66], but fasting glucose and/or HbA1c could not identify people with
impaired glucose tolerance.

Impaired glucose tolerance and impaired fasting
glycaemia: definitions and differences
In an International Diabetes Federation consensus workshop in August 2001,
the current status of impaired glucose tolerance and impaired fasting
glycaemia was described [70]. Impaired glucose tolerance was considered to
be a clinical class of glucose tolerance in the 1985 WHO classification [42].
In the latest reports from the American Diabetes Association (1997) and the
WHO (1998), a category of non-diabetic fasting hyperglycaemia was
defined and given the name impaired fasting glycaemia (Tables 1 and 2)
[1, 43]. Only half or less of people with impaired fasting glycaemia have
impaired glucose tolerance, and an even lower proportion (20-30%) with
impaired glucose tolerance also have impaired fasting glycaemia [70]. Those
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differences are explained by the fact that determinants of elevated F-BG and
BG-120 levels differ; raised hepatic glucose output and a defect in early
insulin secretion are characteristic of the former, and insulin resistance is
most characteristic of the latter [70, 71]. In most populations studied, 60% of
people who develop diabetes have either impaired glucose tolerance or
impaired fasting glycaemia 5 years before, while the other 40% having
normal glucose tolerance at that time [70]. People with combined impaired
glucose tolerance and impaired fasting glycaemia have the highest risk of
developing diabetes [70].

Impaired glucose tolerance
The prevalence of impaired glucose tolerance varies in different populations
but follows the incidence of diabetes. Like diabetes, the incidence of
impaired glucose tolerance increases with age. Among men aged 47-49 years
in Malmö, Sweden, the prevalence of impaired glucose tolerance in 1974-79
was 6.6% [55]. In a large population-based screening for impaired glucose
tolerance in Swedish men and women aged 30-60 years, the prevalence was
3.6% for men and 5.5% for women [72]. The relative risk for impaired
glucose tolerance increases more than fourfold among obese subjects
compared with normal-weight subjects, yet only 25% of impaired glucose
tolerance subjects are obese [72]. Similarly, people with impaired glucose
tolerance more frequently have first-degree relatives with diabetes than
people with normal glucose tolerance although the majority of impaired
glucose tolerance subjects have no heredity for diabetes [72]. In a study from
Denmark, the prevalence of impaired glucose tolerance in 60-year-old
individuals in 1996/97 was 15.9% in men and 13.1% in women, which was
an increase compared to 1974/75 [73]. The prevalence of impaired glucose
tolerance in the elderly (aged 65-74 years) in Finland in 1986-88 was for
men and women 17.8% and 19.1%, respectively [6]. In the United States,
the prevalence of impaired glucose tolerance in people aged 40-74 years in
1984-94 was 15.6% [5].

On average, 5% of people with impaired glucose tolerance progress to type 2
diabetes each year [4, 52, 74]. In Sweden, 30% of persons with impaired
glucose tolerance will develop diabetes type 2 during a period of
5-10 years [75]. Obesity is an important risk factor for progression from
impaired glucose tolerance to diabetes type 2 [74]. In a longitudinal study of
85 000 female nurses, free from diabetes and cardiovascular diseases at
inclusion, 3 300 new cases of diabetes type 2 were documented during a
follow-up period of 16 years [76]. Overweight or obesity was the single most
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important predictor of diabetes. Lack of exercise, a poor diet, current
smoking and abstinence from alcohol use were all associated with
a significantly increased risk of diabetes, even after adjustment for the
body-mass index [76].

In the last few years two randomised studies have shown that lifestyle
intervention in people with impaired glucose tolerance substantially
decreases the risk of developing diabetes type 2 [77-79]. In the Diabetes
Prevention Program in the United States, more than 3000 adults with
impaired glucose tolerance were randomised to placebo, pharmacological
treatment with metformin or lifestyle intervention including diet and
physical activity and followed for three years [78]. The incidence of diabetes
type 2 was 11.0, 7.8 and 4.8 cases per 100-person-years for the placebo,
metformin and lifestyle interventions groups, respectively. The incidence of
diabetes was 58% lower in the lifestyle intervention group and 31% lower in
the metformin group than in the placebo group [78]. In a corresponding, but
smaller, study from Finland, the incidence of diabetes also decreased by 58%
in the lifestyle-intervention group [77].

In the Malmö Prevention Trial, middle aged men with impaired glucose
tolerance who were included in a long-term lifestyle intervention program
had no excess of 12-year mortality compared to people with normal glucose
tolerance and only half that in people with impaired glucose tolerance and
routine treatment [80].

How to diagnose insulin resistance
Insulin is a hormone which action is regulated not only by changes in
concentration but also by changes in sensitivity of target tissues. Insulin
resistance describes a state where there is a reduced biological effect of
insulin. The euglycaemic-hyperinsulinaemic clamp, described by DeFronzo
in 1979 [81], is the “gold standard” method for measuring insulin resistance.
In the euglycaemic-hyperinsulinaemic glucose clamp, insulin and glucose
are given exogenously. Plasma insulin is held constant by continuous
infusion of insulin and in order to maintain euglycaemia a variable amount
of glucose is given. Thus, the amount of glucose needed to maintain
euglycaemia is an indirect indicator of insulin resistance. However, clamp
investigation is useful for intensive physiological studies on small number of
subjects but a simpler tool such as homeostatis model assessment for insulin
resistance (HOMA-IR) [82] is more appropriate for epidemiological studies
[83]. HOMA-IR is calculated in fasting conditions as: HOMA-IR = plasma
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insulin (uU/ml) x plasma glucose (mmol/L) / 22.5 [82]. There is a strong
correlation between euglycaemic-hyperinsulinaemic clamp and HOMA-IR
in both non-diabetic and diabetic patients [84, 85] and using modern specific
insulin assays the coefficient of variation is between 7.8% and 11.7% [83].
However, it has been reported that HOMA-IR is not a valid index of insulin
resistance in older men with impaired glucose tolerance [86].
In normoglycaemic individuals, fasting insulin alone is as accurate as
HOMA-IR in predicting insulin resistance [87]. Even though HOMA-IR just
gives an estimate of basal insulin resistance, whereas there are other tests
that provide estimates of stimulated insulin resistance, HOMA-IR is most
appropriate for larger studies [83]. Insulin resistance is defined as glucose
uptake under euglycaemic-hyperinsulinaemic clamp below the lowest
quartile for the general population under investigation [1]. Furthermore,
without clamp techniques, insulin resistance is defined as the upper quartile
of fasting insulin or HOMA-IR in the population [88].
Nevertheless, HOMA-IR scores obtained in different studies cannot be
compared unless the insulin assay is standardised [84].

Insulin Resistance and the Metabolic Syndrome
It has been suggested that a number of metabolic risk factors and the
diseases they predict should be included in a syndrome of metabolic
abnormalities. In 1988, Reaven proposed the concept of Syndrome X or
Insulin Resistance Syndrome, based on the assumption that resistance to
insulin-stimulated glucose uptake and hyperinsulinaemia are involved in the
aetiology and clinical course of three major related diseases – diabetes type
2, hypertension and coronary heart diseases [89, 90]. Furthermore, insulin
resistance is related to increased plasma concentrations of free fatty acids
[89, 91], plasminogen activator inhibitor 1 (PAI-1) [92] and C-reactive
protein, the latter being a marker of inflammation [93]. PAI-1 concentrations
are higher in people with impaired glucose tolerance compared to people
with normal glucose tolerance [94] and elevated PAI-1 levels are already
found at diagnosis of type 2 diabetes [95]. PAI-1 has been suggested as a
possible link between insulin resistance and coronary heart disease [96] and
elevated levels of PAI-1 are associated with a risk of re-infarction in young
men [97]. An abdominal body fat distribution, as indicated by an elevated
waist-hip circumference ratio, is found as frequently in the syndrome as
insulin resistance. Waist-hip circumference ratio shows this association
independently of obesity, as indicated by body mass index (BMI),
suggesting that the central distribution of body fat is more important than
total body fat mass [98].
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There is no internationally agreed definition for the metabolic syndrome but
working definitions were proposed by the WHO in 1998 [1] and by the
National Cholesterol Education Program (NCEP) in 2001 [99]. According to
the WHO definition, the metabolic syndrome includes patients with impaired
glucose tolerance/diabetes or with normal glucose tolerance if they are
insulin resistant and in addition fulfill two out of four criteria:
1.Hypertension: >160/90 mmHg; 2. Hypertriglyceridaemia: >1.7mmol/L
and/or low high-density lipoprotein cholesterol: <0.9 mmol/L in men,
<1.0 mmol/L in women; 3. Central obesity: men: waist to hip ratio >0.90,
women: waist to hip ratio >0.85 and/or BMI >30 kg/m2; 4.
Microalbuminuria: urinary albumin excretion rate >20 ug/min or albumin:
creatinine ratio >20 mg/g [1, 100, 101]. In 1999 the European Group for the
Study of Insulin Resistance (EGIR) refined the WHO definition of the
metabolic syndrome and they suggest that insulin resistance syndrome is a
more appropriate name [88]. The Third Report of the National Cholesterol
Education Program Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults provides another working definition of the
metabolic syndrome not including measurement of insulin and HOMA-IR
[102].
Overweight, a central fat distribution, dyslipidaemia, hypertension and poor
glycometabolic control are strong independent predictors of insulin
resistance in diabetes typ 2 [103]. However, reduced insulin sensitivity can
be found even when diabetes type 2 is isolated and well controlled [103].

The prevalence of the metabolic syndrome depends on the definition but
irrespective of that it is associated with increased cardiovascular and all-
cause mortality [104]. According to the Botnia study in Finland and Sweden,
using the WHO definition, about 10% of persons with normal glucose
tolerance, 40% of persons with impaired glucose tolerance and 85% of
patients with type 2 diabetes would have the metabolic syndrome [100, 101].
The prevalence in 1988-1994 of the metabolic syndrome among American
adults according to NCEP´s criteria [99] in participants 20-29, 60-69 and
>70 years was 6.9, 43.5 and 42%, respectively [102].
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Diabetes and myocardial infarction
Cardiovascular disease is a major cause of death in diabetes [105]. All
manifestations of coronary heart disease, including myocardial infarction,
sudden death and angina pectoris, are at least twice as common in type 2
diabetes as in non-diabetic individuals [4, 106-108]. In an unselected
populations of patients with acute myocardial infarction 20-25% have
diagnosed diabetes [109, 110]. Haffner et al have suggested that diabetic
patients without previous myocardial infarction have as high a risk of
myocardial infarction as non-diabetic patients with previous myocardial
infarction [111]. This has been contradicted by Evans et al, who found that
patients with type 2 diabetes without symptomatic coronary heart disease
were at lower risk of cardiovascular outcomes than patients with established
coronary heart disease without diabetes [112].

Coronary heart disease mortality in patients with type 2 diabetes is two to
four times higher than that in non-diabetic people. Over 50% of people with
diabetes die from coronary heart disease [4]. There is a decline in coronary
heart disease mortality in non-diabetic patients but not to the same extent in
patients with diabetes [113]. With the increasing prevalence of diabetes [3]
and the smaller decline in mortality for these individuals, diabetes
is expected to be an increasingly important factor for coronary heart
disease-related mortality [113].

Although the degree of hyperglycaemia influences the risk of coronary heart
disease in type 2 diabetes [114], the risk of coronary heart disease is already
increased in patients with newly diagnosed type 2 diabetes, in those with
impaired glucose tolerance [115] and even in normoglycaemic patients with
insulin resistance [116], as illustrated in Figure 1 [4]. Consequently,
although it is still not known how many of those with coronary heart disease
have undiagnosed type 2 diabetes, impaired glucose tolerance or just insulin
resistance, the number of people with disturbances in glucose metabolism
among those with coronary heart disease is likely to be high [4].

The DIGAMI (Diabetes Mellitus, Insulin Glucose Infusion in Acute
Myocardial Infarction) study has shown a major advantage of improved
glycaemic control during hospital stay and after discharge post acute
myocardial infarction [117]. Insulin-glucose infusion followed by intensive
subcutaneous insulin in diabetic patients with acute myocardial infarction
improves long-term survival, and the effect seen at one year continues for at
least 3.4 years, with an absolute reduction in mortality of 11%. This means
that one life is saved for nine treated patients (number needed to treat = 9).
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The effect was most apparent in patients who had not previously received
insulin treatment and who were at a low cardiovascular risk [118].
Interestingly, intensive insulin treatment also reduces morbidity and
mortality among critically ill patients, without previously known diabetes, in
surgical intensive care [119].

Congestive heart failure is a major problem in patients with diabetes and
heart failure is more common in diabetics than non-diabetics [120, 121].
Atherosclerosis and ischemic injury are important contributing factors but
there are also diabetes-specific pathogenetic mechanism [120]. Furthermore,
there is increased platelet activity [122], disturbed coagulation and
fibrinolytic functions [96, 123], disturbed lipid metabolism [19] and an
endothelial dysfunction [124-127]. The vascular endothelium regulates the
blood flow by controlling the coagulation system and vascular tone [127].
These functions are disturbed in diabetic patients and the endothelin-1 levels
are increased, causing vasoconstriction. Endothelin levels are directly related
to plasma glucose levels [124]. In addition, the endothelial cell-nitric oxide
axis is disturbed. Nitric oxide release and function are impaired, resulting in
vasoconstriction, too. This seems to be dependent upon hyperglycaemia and
genetic factors [126]. Furthermore, enhanced vascular permeability is seen in
diabetes [126].

Blood glucose as a risk predictor
In a systematic review of prospective studies published up until 1996,
Coutinho et al have shown that in the general population the relationship
between glucose concentration and increased risk of cardiovascular disease
extends well below the glucose concentrations which define both diabetes
and impaired glucose tolerance [115]. Analysed studies comprised over
95 000 people (94% male) who had 3700 cardiovascular events over 12.4
years. The relationship between glucose level and risk of cardiovascular
event was modelled for each study and then combined for all studies.
Compared with a glucose level of 4.2 mmol/L, a fasting and a 2 h glucose
level of 6.1 mmol/L and 7.8 mmol/L was associated with a relative
cardiovascular event risk of 1.33 (95% CI 1.06-1.67) and 1.58 (95% CI
1.19-2.10), respectively (Figure 2) [115].
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Figure 2. The relationship between glucose level and relative cardiovascular event
risk (95% CI) over 12.4 years. Data from Coutinho et al [115].4

In data from the 23-year follow-up of the Paris Prospective Study, Balkau et
al also found that the relationship between fasting and 2 h post-challenge
glucose and the risk of death from all causes and coronary heart disease was
curvilinear and that the increased risk became apparent at the upper levels of
the non-diabetic glucose distribution [128]. In 1999, Gerstein concluded that
if there is a dysglycaemic level above which individuals are at risk for
cardiovascular disease, it may be as low as 5.5 mmol/L for fasting values

4 Reprinted with permission from The American Diabetes Association. Copyright  1999
American Diabetes Association. From Diabetes Care, Vol. 22, 1999; 233-240.
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and 6.5 mmol/L for 2 h glucose values (i.e., substantially below both the
diabetes threshold and the impaired glucose tolerance threshold) [129]. The
Whitehall Study demonstrated that coronary heart disease mortality was
approximately doubled in people with impaired glucose tolerance [130]. In a
22-year follow-up of apparently healthy middle-aged men, fasting blood
glucose in the upper normal range appeared to be an important independent
predictor of cardiovascular death [131]. In the Hoorn study, the predictive
value of fasting plasma glucose, 2 h glucose and HbA1c in a population-
based cohort of middle-aged subjects without diabetes was examined [132].
In an 8-year follow-up, fasting plasma glucose was only predictive in the
diabetic range whereas especially 2 h glucose concentrations and to a lesser
extent HbA1c indicated a risk of all-cause mortality in a general population
without known diabetes [132]. In the Rancho Bernardo Study, 1800 men and
women, aged 50-89 years, without a history of diabetes or myocardial
infarction underwent an OGTT [49]. Of those people with newly diagnosed
diabetes, 70% of the women and 48% of the men, respectively, had an
isolated 2 h post-challenge hyperglycaemia. Barrett-Connor et al conclude
that isolated post-challenge hyperglycaemia is common in elderly people and
more than doubles the risk of fatal cardiovascular disease and heart disease
in older women over the next 7 years [49]. Qiao et al have demonstrated that
in subjects without a prior history of diabetes, the association of 2 h glucose
with coronary heart disease incidence and cardiovascular mortality is graded
and independent and that 2 h glucose is superior to fasting glucose in
assessing the risk of future cardiovascular events [133]. In the
Cardiovascular Health Study, 4000 adults, over 65 years, without treated
diabetes or cardiovascular disease performed an OGTT at baseline and were
followed for 8.5 years [134]. Two-hour glucose level was better than fasting
glucose level alone in identifying elderly people at increased risk of
cardiovascular events [134]. In the Nurse Health Study, over 110 000
women, free from diabetes at baseline, have been followed for 20 years and
there is a substantially elevated risk of cardiovascular disease before clinical
diagnosis of type 2 diabetes in women [135]. Impaired glucose tolerance is
more strongly associated with cardiovascular disease outcome than impaired
fasting glucose [70]. Furthermore, in the general population haemoglobin
A1c is continuously related to cardiovascular mortality even in non-diabetic
subjects [136]. In the Framingham Heart Study, HbA1c was significantly
correlated to prevalent cardiovascular disease among women, but not men,
and this relationship was not weakened when known diabetic subjects were
excluded [137].
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Prognosis after acute myocardial infarction in patients
with abnormal glucose metabolism
In a systematic review of studies published between 1966 and 1998, Capes et
al found that stress hyperglycaemia with acute myocardial infarction was
associated with an increased in-hospital mortality in patients with and
without diabetes. Furthermore, the risk of congestive heart failure was also
increased in patients without diabetes [138]. In the DIGAMI study,
admission blood glucose and admission HbA1c were predictors of 3.4 years
mortality [139]. Recent studies from the nineties, i.e. in the thrombolytic era,
also show that hyperglycaemia in acute myocardial infarction is associated
with a poor short and long-term prognosis even among patients without
known diabetes [140, 141]. Elevated HbA1c in non-diabetic patients is also a
risk factor for one-year mortality after acute myocardial infarction [142].

Herlitz et al reported in a follow-up of consecutive patients with acute
myocardial infarction from the eighties, i.e. before the thrombolytic era, that
diabetic patients had a 5-year mortality of 72% versus 50% for non-diabetic
patients (p<0.001) and diabetes was an independent predictor of death [143].
Furthermore, among diabetic patients, 55% developed a re-infarction versus
22% among non-diabetic patients (p<0.001) [143]. In the same population,
the 5-year prognosis in relation to hypertension has also been described
[144]. Hypertensive patients had an overall 5-year mortality rate of 58%
versus 49% among non-hypertensive patients (p<0.05), but hypertension was
not an independent predictor of mortality [144].

Malmberg et al reported in 1988 that diabetes was an independent predictor
of death after acute myocardial infarction; the in-hospital mortality, as well
as the one-year mortality, was significantly higher among patients with
diabetes compared to those without (25% versus 16% and 53% versus 28%,
respectively) [109]. In a register study from New Jersey including over
42 000 patients in the mid eighties, diabetes was associated with a higher
mortality rate, both in-hospital (21.5% versus 19.2%, p<0.001) and during
the 3-year follow-up (46.7% versus 37.8%, p<0.001) [145]. A 10-year
follow-up from Israel of almost 6000 patients included in the early eighties
revealed that the adjusted relative mortality risk increased by 32% and 75%
in diabetic men and by 41% and 158% in diabetic women for patients treated
with oral hypoglycaemic drugs and insulin, respectively [146].

In a study with consecutive ly recruited patients from the thrombolytic era,
diabetic patients had a higher in-hospital mortality compared with non-
diabetic patients 28% versus 13% (p<0.001) [147]. Similarly, early survivors
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of acute myocardial infarction had a nearly two-fold higher long-term
mortality after infarction and the magnitude of the risk associated with
diabetes was similar to that associated with previous myocardial infarction
[148, 149]. If the effect of age is accounted for, there is, however, a report in
which in-hospital mortality is not greater in patients with diabetes than in
patients without diabetes [150]. Furthermore, in a 10-year follow-up of a
cohort of patients not treated with thrombolytic therapy (the Glostrup cohort)
and in a cohort receiving such treatment in 40 % of cases (the TRACE
cohort) followed-up for six years, diabetes has no independent influence on
mortality immediately after acute myocardial infarction, but has an
important influence on long-term mortality [151]. Nevertheless, diabetes is
still a strong negative prognostic factor in patients with acute myocardial
infarction treated with thrombolytic therapy [152]. The totality of evidence
clearly indicates that diabetes mellitus , despite improvement in concomitant
therapy, still is a strong predictor for unfavourable outcome.
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Aims

• To determine the prevalence of impaired glucose tolerance and diabetes
mellitus in patients with acute myocardial infarction.

• To determine the prevalence of insulin resistance, and changes over time,
in patients with acute myocardial infarction and no previous diagnos is of
abnormal glucose tolerance.

• To evaluate, in patients without known diabetes mellitus, the extent to
which the level of casual blood glucose at admission for acute myocardial
infarction depends on stress and /or the glycaemic state.

• To determine whether casual blood glucose and haemoglobin A1c
measured at admission, and fasting blood glucose or an oral glucose
tolerance test performed at hospital discharge after acute myocardial
infarction, are useful to predict diabetes mellitus.

• To determine if glycaemic disturbances detected at admission for acute
myocardial infarction influence the long-term prognosis after acute
myocardial infarction in patients without known diabetes.
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Study 1

Material and methods: Papers I and II

Patients
The Central Hospital in Västerås, Sweden, serves a population of about
150 000 inhabitants. All patients admitted to the Central Hospital with
suspected acute myocardial infarction are observed in the Coronary Care
Unit. During a one-year period (October 1995 - September 1996), there were
337 occasions, when patients fulfilled the diagnostic criteria for acute
myocardial infarction. From these 337 occasions, 13 patients were excluded
because of their unwillingness to participate in the study. In addition,
19 patients had more than one acute myocardial infarction during the study
period, in these patients, only the first acute myocardial infarction was
included in the subsequent data analysis. Thus, the final sample consisted of
305 patients with acute myocardial infarction.

In Paper I, patients were classified according to the WHO criteria from 1985
[42]. The flowchart for diagnosing diabetes mellitus is presented in Figure 3.

Patients without previously known diabetes mellitus and with a F-BG
<5.6 mmol/L on the fifth day after admission were classified as non-diabetic,
even when the blood glucose at admission and the F-BG on the second
hospital day had been high. Patients without previously known diabetes
mellitus and with a F-BG >5.6 mmol/L on the fifth day were called for a
follow-up visit 2-3 months after discharge from hospital.

If the two F-BG values were <5.6 mmol/L at the follow-up, the patient was
classified as non-diabetic. The patient was categorised as newly diagnosed
diabetes if the two F-BG values at the follow-up were >6.7 mmol/L. If at
least one F-BG values was between 5.6 and 6.6 mmol/L, a
75 g OGTT was performed.

Patients were diagnosed as being diabetic if they had constantly elevated
blood glucose levels during hospital stay and the diagnosis could be
confirmed on follow-up 2-3 months after discharge from hospital.

Patients without known diabetes according to previous medical records who
could not be investigated because of early death or difficulties in
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participating in the follow-up were classified as non-diabetic if fasting blood
glucose levels during hospital stay were <6.7 mmol/L. Patients without
known diabetes and in whom only one casual blood glucose sample at
admission had been obtained were classified as non-diabetic if the value was
<8.0 mmol/L. For blood samples taken between 04.00 and 08.00 a.m., we
used blood glucose <6.7 mmol/L because these values could be considered
to represent a fasting value. Casual blood glucose >20 mmol/L in one
patient without known diabetes who died before follow-up was classified as
newly diagnosed diabetes.

In Paper II, diabetes was defined according to WHO criteria from 1998 [1]
and ADA criteria from 1997 [43].
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Methods
In patients with acute myocardial infarction, samples for casual blood
glucose, serum cortisol, haemoglobin A1c, total cholesterol (TC) and
high-density lipoprotein cholesterol (HDL-C) were taken at admission.
Fasting blood glucose (F-BG) was determined before discharge and also at
follow-up after 2-3 months if necessary for classification into diabetes or not
diabetes. At follow-up, haemoglobin A1c was measured once and F-BG
twice and if at least one F-BG was between 5.6 and 6.6 mmol/L, a 75 g oral
glucose tolerance test (OGTT) was performed. Patients were followed for
5.5 years. The main outcome measures were death or non-fatal myocardial
re-infarction.

Blood glucose. Venous sampling was used for blood glucose analysed on the
ward and capillary blood glucose was taken during the 75 g OGTT.

Haemoglobin A1c. Haemoglobin A1c was measured by high performance
liquid chromatography using Mono S ion-exchange resin (Beckman System
Gold, Beckman Instruments Inc., Fullerton, CA). The reference range was
3.5-5.2%. The within-run precision expressed as coefficient of variation for
20 replicates at haemoglobin A1c levels of 4.5% and 8.3% was 0.4% and
0.3% respectively. The total imprecision measured during a 5-month period
was 2.0% at both haemoglobin A1c levels.

Myocardial infarction. A diagnosis of myocardial infarction was established
if at least two of the following criteria were fulfilled: chest pain >15 min;
serum creatine kinase-B (CK-B) value above the normal range 10-16 hours
after onset of symptoms; and development of new Q waves or ST elevations
typical of myocardial infarction in at least 2 of the 12 standard
electrocardiogram leads.

Mortality rate and cause of death were obtained from death certificates for
the period October 1995 to September 2001 at the Epidemiological Centre,
National Board of Health and Welfare.

Re-hospitalisation for non-fatal re-infarction was taken from registers of
hospital care in the County of Västmanland. Two patients who had moved
from the area were contacted by telephone.

Myocardial re-infarction. Re-infarction was defined as a new hospitalisation
in the County of Västmanland for an acute myocardial infarction during the
follow-up period.



24

Event-free survival was calculated as time from inclusion with acute
myocardial infarction to re-hospitalisation for non-fatal re-infarction or
death, the first to occur. The patients were followed until September 2001,
i.e. for 5.5 years.

Statistical analysis

Paper I
Between-group comparison of HbA1c was done using the Wilcoxon-Mann-
Whitney test because distributions in the samples were not Gaussian.
Comparisons of casual blood glucose, body mass index and age were
performed by one-way ANOVA followed by Scheffe’s method for multiple
comparisons.

Paper II
The main statistical comparisons were performed between patients with
diabetes mellitus and non-diabetic patients and between patients who
survived without events (death or non-fatal re-infarction) and those who did
not.

All results are expressed as means and confidence intervals (C I) except for
cortisol for which medians are given. Variables with skewed distributions
were log-transformed before analysis.

Several baseline variables were compared. Differences between groups were
tested with Student`s t test or Chi-square. Association between variables was
assessed using Pearson´s correlation. Association between endpoint outcome
and haemoglobin A1c level in Figure 7 was assessed by using Kendall´s τ
(B).

Kaplan-Meier survival estimates were calculated for categorised tertiles of
haemoglobin A1c and serum cortisol at admission and F-BG day five. The
generalised Wilcoxon test, which gives higher weights to early events, was
used to test for differences between tertile groups. A two-tailed p-value less
than 0.05 was considered statistically significant.

The main analysis used a Cox regression model. Both forward stepwise
selection with inclusion of variables at the 5% level and removal at the 10%
level in each step and backward stepwise elimination with the same levels
was run to ensure that the same model was selected with both methods. The
following variables at admission were candidate covariates: blood glucose,
serum cortisol, haemoglobin A1c, TC to HDL-C ratio, maximum CK-B,
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thrombolytic treatment, treatment for hypertension, previous myocardial
infarction, smoking, sex and age. To check the proportional hazard
assumption (PH-assumption), variables on a continuous scale were
categorised into tertiles. Then the logarithm of minus the logarithm of the
Kaplan-Meier survival estimates in the different categories was plotted
against time to check that they were reasonably parallel (PH-assumption).
For each variable with a significant impact on event-free survival, the
PH-assumption was also checked by including the interaction between the
variable in question and time in the model. This test was originally proposed
by Cox. If the coefficient for the interaction term differs significantly from
zero, it indicates a violation of the PH-assumption. To check that there were
no important interactions between factors, all pair-wise interactions between
the significant factors were tested for entering the model. Only variables
with a significant effect on the event-free survival at the 5% level were
included in the model. Pseudo R-square was calculated to estimate the extent
to which the different parameters explain the variability in event-free
survival [153].

We used SPSS for all statistical analyses except for survival analysis, where
SAS was used.

Ethics
The study complies with the Declaration of Helsinki and was approved by
the Human Ethics Committee at Uppsala University, Sweden, and written
consent was obtained from the subjects.

Results: Paper I

Prevalence of diabetes mellitus based on the 1985 WHO criteria
Of 305 patients, 285 (94%) could be classified: 61 (21%) of these had a
history of diabetes (mean age+SD; 71.5 (9.4) years), 12 patients (4%) had
newly diagnosed diabetes (68.4 (12.3) years) and 212 patients (75%) were
non-diabetic (68.7 (11.7) years). Over 90% of the diabetic patients could be
classified as type 2 diabetes.

Casual blood glucose at admission
Casual blood glucose at admission was significantly higher among the
diabetic patients (p<0.001) though there was an overlap between non-
diabetics, newly diagnosed diabetics and known diabetics (Table 3).
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Table 3. Distribution of casual blood glucose at admission in patients with AMI
(Paper I).

Blood glucose

(mmol/L)

Non-diabetic subjects

n=212

Newly diagnosed

diabetes (WHO 1985)

n=12

Known diabetes

(WHO 1985)

n=61

<5.5 18 0 0

5.6-6.6 43 0 0

6.7-8.0 63 2 2

8.1-11.0 48 2 9

11.1-14.0 5 2 8

14.1-17.0 1 2 8

>17 0 2 25

Missing values 34 2 9

Twelve patients without previously known diabetes had casual blood glucose
at admission >11.1 mmol/L. Only six of these met the diagnostic criteria for
diabetes mellitus at follow-up. One patient with casual blood glucose at
admission >11.1 mmol/L had impaired glucose tolerance. In patients that
escaped the OGTT despite casual blood glucose >11.1 mmol/L at admission,
three had a fasting blood glucose <5.6 mmol/L and a normal haemoglobin
A1c, either during hospital stay or at the follow-up; two patients had fasting
blood glucose <5.6 mmol/L but haemoglobin A1c was just above the
reference limit.

Eight per cent of the patients that were admitted to the Coronary Care Unit
for acute myocardial infarction had no admission blood glucose
measurement taken.

Haemoglobin A1c
There was considerable overlap in the haemoglobin A1c values among
patients with previously known diabetes; mean (range); 7.4 (4.6-10.8)%,
newly diagnosed diabetes 6.7 (4.6-9.3)% and without diabetes 4.8
(3.3-6.1)%. In patients with casual blood glucose >11.1 mmol/L at
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admission and with no previous history of diabetes, haemoglobin A1c failed
to discriminate between those with a new diagnosis of diabetes mellitus and
those that were non-diabetic during the follow-up period (data not shown).
Among patients without diabetes 11% had a haemoglobin A1c value above
5.3%.

Key results Paper I

− One out of four patients with acute myocardial infarction had diabetes if
the diagnosis was based upon fasting blood glucose.

− In patients with acute myocardial infarction without previously known
diabetes, a casual blood glucose value at admission above 11.0 mmol/L
was clearly suspicious for diabetes but not a reliable measure to settle
the diagnosis.

− HbA1c alone, was insufficient to discriminate for diabetes mellitus.

Results: Paper II
Patient characteristics
Among 305 patients with acute myocardial infarction, 74 (24%) were
classified as newly diagnosed or previously known diabetes (I+II) and 231
(76%) without known diabetes (III+IV) were classified as non-diabetic
patients (Figure 4).

Diabetic patients had a mean (95% CI) age of 71.0 (68.7-73.3) years
compared to 69.5 (68.0-71.1) years in non-diabetic patients. Cardiovascular
disease (ischemic heart disease, stroke or peripheral artery disease) was the
main cause of death in 84% of the patients with no significant difference
between patients with and without diabetes.
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Figure 4. Flow chart for inclusion of patients with acute myocardial infarction
(Paper II).

Non-diabetic patients

A. Cortisol and glucose parameters
Serum cortisol at admission had lost the normal circadian rhythm with a
nadir during the night (data not shown). Serum cortisol and casual blood
glucose at admission were positively correlated (r=0.44; p<0.001),
in contrast to serum cortisol at admission and F-BG day five. Serum cortisol
was also positively correlated with the maximum value of CK-B
(r=0.34; p<0.001).

No correlation was found between admission blood glucose and
haemoglobin A1c but there was a positive correlation between F-BG day
five and haemoglobin A1c (r=0.25; p< 0.01).

Not diabetes
n=231
76%

Diabetes
n=74
24%

Previously known
diabetes (I)

n=61

Newly diagnosed
diabetes (II)

n=13

Patients without
diabetes (III)

n=195

Unclassified
n=36 (IV)

n=305 Reinfarction during
the inclusion period

n= 19

n=324 Unwillingness to
participate

n=13

Number of patients
included in study

n=337
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B. Event-free survival
During the 5.5 years of follow-up, 38% of the patients died and 15% were
re-admitted for non-fatal re-infarction; altogether 45% had at least one of
those two events.
Kaplan-Meier curves for event-free survival in the three tertiles of
haemoglobin A1c showed that the prognosis was worse in the highest tertile
of haemoglobin A1c (p<0.01, Figure 5).

Figure 5. Event-free survival during a mean follow-up period of 5.5 years in non-
diabetic patients (Paper II).
Haemoglobin A1c divided into tertiles (<4.7% - - - - - , 4.7-5.0% –––––,
>5.0% — — —). Generalized Wilcoxon test p< 0.01 (n=164).

High age and high haemoglobin A1c were associated with higher risk of
death or non-fatal myocardial infarction during the 5.5 years of follow-up
(Figure 6).
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Figure 6. Death or non-fatal myocardial infarction during 5.5-years at follow up in
relation to tertiles of age in years (low =28-65, mid= 66-75, high=76-89) and
haemoglobin A1c in % (low <4.7, mid=4.7-5.0, high >5.0) in non-diabetic patients
with acute myocardial infarction (n=164) (Paper II).

Kaplan-Meier curves for event-free survival in the three tertiles of serum
cortisol showed that high serum cortisol was associated with poor event-free
survival (p<0.01). However, F-BG day five divided into tertiles was not
associated with event-free survival.
The result from the Cox regression showed that age (p<0.001), haemoglobin
A1c (p=0.002) and serum cortisol (p<0.001) had a negative effect, and
thrombolytic treatment (p=0.001) had a positive effect on 5.5 years event-
free survival.
According to pseudo R square analyses; age, haemoglobin A1c, serum
cortisol and thrombolytic treatment together explain 31% of the total
variability in event-free survival. Age, haemoglobin A1c, serum cortisol and
thrombolytic treatment individually explain 19%, 6%, 5% and 6%,
respectively.

%
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Diabetic patients: Cortisol and glucose parameters
Casual blood glucose at admission and haemoglobin A1c showed a strong
positive correlation (r=0.60; p<0.001). Serum cortisol at admission and
CK-B maximum also showed a positive correlation (r=0.47; p<0.01) but no
significant correlation was found between serum cortisol and casual blood
glucose at admission (r=0.28; p=0.07).

All patients: Death or non-fatal myocardial re-infarction
For all patients together, there was a positive correlation between death or
non-fatal myocardial re-infarction during 5.5 years and haemoglobin A1c
level (Figure 7).

Figure 7. Death or non-fatal myocardial re-infarction 5.5 years after an acute
myocardial infarction in patient with or without diabetes mellitus (n=205). HbA1c
at admission is divided into 8 groups of equal size. Kendall τ B=0.195; p=0.001
(Paper II).

Key results Paper II

− The glycaemic state, measured by haemoglobin A1c, is a major risk
factor for prognosis in non-diabetic patients after acute myocardial
infarction.

Limitations: Papers I and II
Unfortunately, a nurse's strike led to lack of some data which were not vital
for estimation of the prevalence of diabetes but affected the prognostic data,
since there was a lack of HbA1c and lipid values. In patients without known
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diabetes with a missing HbA1c (n=67), the 5.5 years event-free survival was
42%, compared to 61% in patients with a valid HbA1c (n=164) (p=0.008).
In-hospital mortality in those with a missing value was 21% compared to
12% in those with a valid value (p=0.067).

The long-term prognosis was retrospectively based on registers of hospital
admissions, case records and death certificates and, of course, a prospective
design would have been superior.

Patients with re-infarction hospitalised outside County of Västmanland were
not included in the long-term follow-up.

Study 2

Material and methods: Papers III and IV
Patients
Patients admitted to the Coronary Care Units of the Karolinska and Västerås
Hospitals, Sweden, for acute myocardial infarction between 1 November
1998 and 15 December 2000 were eligible for the study. Patients were
included if capillary blood glucose at admission (A-BG) was <11.1 mmol/L,
serum creatinine <200 µmol/L and age <80 years. Exclusion criteria were
known diabetes mellitus and residence outside the catchment areas. An oral
glucose tolerance test (OGTT) was performed at hospital discharge and three
months thereafter.

A total of 181 patients were included, of whom 168 patients were classified
as normal glucose tolerance, impaired glucose tolerance or diabetes mellitus
at discharge and 145 patients were also classified after three months.

The reasons for the withdrawal of 13 patients from the first OGTT were
death (n=2), coronary artery surgery or percutaneous transluminal coronary
angioplasty (n=3), stroke (n=1), other serious conditions (n=3), technical
problems (n=2), unwillingness to participate (n=2).

The reasons for the withdrawal of 36 patients from the second OGTT were
death (n=7), cancer (n=3), depression (n=1), coronary artery bypass surgery
(n=1), complicated coronary angiography (n=2), alcohol abuse (n=1), stroke
(n=1), unstable angina pectoris (n=1) or low back pain (n=2). A total of 16
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patients refused to undergo the OGTT and in one patient there were
logistical problems.

Of those 13 patients who escaped the first OGTT, 3 patients performed the
second OGTT and of those 36 patients who escaped the second OGTT, 26
patients performed the first OGTT.

Baseline characteristics for all patients (n=181), patients classified at three
months (n=145), patients withdrawn from classification at discharge (n=13)
and patients withdrawn from classification at three months (n=36) are
presented in Table 5.

Table 5. Baseline characteristics for all patients (n=181), patients being classified
at three months (n=145), patients being withdrawn from classification at discharge
(n=13) and patients being withdrawn from classification at three months (n=36).

Comparison of patients withdrawn from classification at discharge (n=13)
with those classified (n=168, data not shown) revealed that females were
over-represented (p=0.018) and weight was lower (p=0.018) in the former
group. There were no differences between patients classified at three months
(n=145) and those withdrawn (n=36).

Ethics
The Regional Ethics Committee of the Karolinska Institute approved the
study. All patients gave their written informed consent to participation.

Baseline variables
All patients included

(n=181)
Patients classified
 at three months

follow-up
(n=145)

Patients not classified
at discharge

(n=13)

Patients not classified
at three months

follow-up
(n=36)

Age 63.5 ± 9 63.3 ± 9 68.2 ± 10 64.6 ± 10

Male 69% 72% 39% 58%

Previous MI 20% 19% 31% 25%

Previous heart failure 8% 7% 8% 11%

Previous HT 32% 32% 15% 28%

Weight 79.0 ± 14 79.6 ± 14 71.4 ± 9 76.5 ± 14

HbA1c 5.0 ± 0.6 5.0 ± 0.6 5.1 ± 0.4 4.9 ± 0.5

Admission blood glucose 6.5 ± 1.4 6.6 ± 1.5 6.4 ± 1.3 6.5 ± 1.1

Fasting blood glucose
day 4 5.32 ± 0.1 5.3 ± 0.8 5.38 ± 0.8 5.57 ± 1.2
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Protocol
Blood glucose was analysed as soon as possible after admission to the
Coronary Care Unit. During hospitalisation, HbA1c and F-BG were
measured on the first morning after admission. An OGTT with ingestion of
75 g of glucose dissolved in 200 ml of water was performed according to the
WHO standard, including a F-BG and a blood glucose measurement after
120 minutes (BG-120) [1] and, in addition, a blood glucose value was
obtained after 60 minutes (BG-60). The OGTT was performed immediately
before hospital discharge, usually on day 5, and was repeated three months
after hospital discharge, when a HbA1c value was also obtained.

Plasma insulin and plasma proinsulin were analysed in fasting samples taken
on the first morning after admission and in samples obtained before and 120
min after the ingestion of glucose for the OGTT on day five and after three
months. Plasma concentrations of plasminogen activator inhibitor 1 (PAI-1)
and free fatty acids (FFA) were analysed in fasting samples drawn on day
five and after three months. High-sensitive CRP (hs-CRP) was analysed in
fasting serum samples taken three months after discharge. Triglycerides
(TG), total cholesterol (T-C), low-density lipoprotein cholesterol (LDL-C)
and high-density lipoprotein cholesterol (HDL-C) were analysed in fasting
samples taken the first morning after admission. Urine specimens collected
in the morning on day five and after three months were analysed for albumin
and creatinine. Body mass index was measured at admission and after three
months.

Insulin resistance, expressed as homeostatic model assessment for insulin
resistance (HOMA-IR), is calculated under fasting conditions as plasma
insulin (pmol/L) x blood glucose (mmol/L) x 1.13 (correction for plasma
glucose) /135 [82]). HOMA-IR was used to compare the three groups (NGT,
IGT and DM) and to evaluate changes over time. The reference value for
HOMA-IR (mean±SD; interquartile range) is 1.60±1.03; 0.94-1.87.

To estimate the prevalence of insulin resistance in our population, we used
the WHO cut-off defining insulin resistance as a value of HOMA-IR over
the 75th percentile of the general population (in our case the laboratory
reference group) [1]. The prevalence of the metabolic syndrome was
calculated according to the WHO criteria [1].
We defined diabetes mellitus and impaired glucose tolerance according to
the WHO definition from 1998 [1] (Table 2) and the fasting blood glucose
criteria adopted by the American Diabetes Association [43] (Table 1).
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We defined acute myocardial infarction according to criteria jointly
recommended by the European Society of Cardiology and the American
College of Cardiology [154, 155] Thus, patients were diagnosed as having
an acute myocardial infarction if they had two values of serum troponin T
greater than 0.05 g/L or CK-MB greater than 10 mg/L together with either
typical symptoms (chest pain 15 min; pulmonary oedema in the absence of
valvular heart disease; cardiogenic shock; arrhythmia such as ventricular
fibrillation or ventricular tachycardia) or new Q-waves in at least two of the
twelve standard electrocardiographic leads, or electrocardiogram changes
indicating acute ischemia (ST-elevation, ST-depression, or T-wave
inversion).

Statistical analysis

Paper III
We used standard statistical methods and presented the results as mean
(±SD). We tested the significance of the difference between the groups with
and without diabetes with Student's t test, Fisher's exact test, or the Chi-
square test, and used analysis of variance or the Chi-square test to assess the
significance of differences between the three groups with diabetes, impaired
glucose tolerance and normal glucose tolerance. To find independent
predictors of diabetes mellitus or impaired glucose tolerance, we entered
univariate baseline parameters with p values of 0.2 or less into a multiple
logistic regression analysis, together with sex, age, and smoking habits.

We used the JMP statistical package (version 4) for all statistical analyses,
and judged a two-tailed p value of less than 0.05 to be significant.

Paper IV
Results are presented as mean (±SD) or median (interquartile range).
Jonckheere-Terpstra´s test was used to test for ordered differences between
the three groups (normal glucose tolerance, impaired glucose tolerance and
diabetes mellitus).

Changes in metabolic profile over time for all patients were tested with
Wilcoxon’s signed rank test after taking the logarithm. Patients were
excluded listwise.

To assess the agreement between OGTT at discharge and after 3 months, we
used Cohen´s κ.
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Prediction of abnormal glucose tolerance at 3 months after discharge was
done by means of a logistic regression model with forward stepwise
selection with inclusion of variables at the 5% level and removal at the 10%
level at each step. Backward stepwise elimination was also run using the
same levels for inclusion and exclusion of variables, respectively to ensure
that the models were robust. The following variables were tested: age,
body mass index and treatment for hypertension; HbA1c at admission;
classification based on F-BG and BG-120 into normal glucose tolerance,
impaired glucose tolerance and diabetes mellitus with an OGTT performed
at discharge; a single F-BG and BG-60 at discharge; fasting TG and HDL-C
day two; fasting insulin, fasting proinsulin, HOMA-IR and PAI-1 at
discharge. The result of the logistic regression was used to classify the
patients into normal glucose tolerance, impaired glucose tolerance and
diabetes mellitus. Cross validation (leaving-one-out) was used to correct for
the over fit in original estimates when the whole data set was used.

We used the SPSS for all statistical analyses, except for cross validation,
where Minitab was used.

Results: Paper III
Prevalence of glucose abnormalities
35% (95% CI; 28-43) and 40% (95% CI; 32-48) of patients had impaired
glucose tolerance at discharge and 3 months, respectively. The
corresponding proportions for newly detected diabetes were 31% (95% CI;
24-38) and 25% (95% CI; 18-32). When the fasting blood glucose criteria
were applied, however, only 10% (95% CI; 5-14) and 13% (95% CI; 7-19)
of individuals were diagnosed with diabetes at discharge and 3 months later.

Prediction of abnormal glucose tolerance
There was a significant correlation between BG-120 at discharge and
BG-120 after 3 months (r=0.49, p<0.0001) as well as between HbA1c at
admission and BG-120 at 3 months (r=0.39, p<0.0001) and F-BG day 4 and
BG-120 at 3 months (r=0.27, p=0.0017).
Fasting blood glucose of more than 5.3 mmol/L on day 4 was able to predict
newly detected diabetes at 3 months with a sensitivity of 80% and a
specificity of 57%. The corresponding sensitivity and specificity values for
HbA1c of more than 4.9% were 79% and 49%.

Fasting blood glucose concentration on day 4 (p=0.002) was the only
independent predictor of diabetes whereas both fasting blood glucose
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(p=0.044) and HbA1c (p=0.024) were independent predictors of abnormal
glucose tolerance.

Key results Paper III

Two thirds of the patients with acute myocardial infarction and without
previously known diabetes had abnormal glucose metabolism, i.e. impaired
glucose tolerance or diabetes mellitus at discharge and three months
thereafter.

In patients with acute myocardial infarction, HbA1c at admission and fasting
blood glucose at discharge predicted the outcome of an oral glucose
tolerance test performed at follow-up three months thereafter.

Results: Paper IV

Baseline characteristic
Patients with normal glucose tolerance (n=50), impaired glucose tolerance
(n=59) and diabetes mellitus (n=36) had a mean age (+SD) of 61.4 (9.3),
63.9 (9.3) and 64.7 (9.1) years, respectively. 46% of patients with impaired
glucose tolerance were treated for hypertension compared to 26% and 19%
of patients with normal glucose tolerance and diabetes mellitus, respectively
(p=0.014).

Metabolic profiles
Admission blood glucose (p=0.047), F-BG (p=0.001) and HbA1c (p=0.001)
were lowest among patients with normal glucose tolerance while patients
with diabetes had the highest values. HOMA-IR, fasting proinsulin and
insulin 2 h after ingestion of 75 g glucose were lowest among patients with
normal glucose tolerance while patients with diabetes mellitus had the
highest values at all time points (p<0.05). On day two, 57%, 73% and 80%
of patients with normal glucose tolerance, impaired glucose tolerance and
diabetes mellitus, respectively, had an HOMA-IR above the 75th percentile
of the reference group defining insulin resistance. The corresponding
proportions just before hospital discharge and three months after hospital
discharge were 56, 71 and 69 and 52, 65 and 86%, respectively.
For all patients taken together, there was a significant decrease in blood
glucose, insulin and proinsulin during hospital stay and no further decrease
after three months (except an increase in F-BG from day five to three
months; Figure 8). The HOMA-IR behaved similarly.
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Figure 8. Admission blood glucose (Bgl at admission), fasting blood glucose
(F-bgl), homeostasis model assessment of insulin resistance (HOMA-IR),
fasting insulin and fasting proinsulin in patients with an acute myocardial
infarction during hospital stay and at a three months follow-up. HOMA-IR
1.87 is the 75 percentile in the control group and a value above indicates
insulin resistance. P-values using Wilcoxon’s signed rank test.
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There was a decrease in 2 h insulin from day five to three months among
patients with normal glucose tolerance (p<0.001) but not in patients with
impaired glucose tolerance or diabetes mellitus. The corresponding values
for mean BG-120 day 5 to three months showed a decrease in patients with
normal glucose tolerance (7.8 mmol/L vs. 6.3 mmol/L; p<0.001), no change
in patients with impaired glucose tolerance (9.2 mmol/L vs. 9.1 mmol/L;
p=0.676) and an increase in patients with diabetes mellitus (11.1 mmol/L vs.
12.4 mmol/L; p=0.013). Mean BG-60 was unchanged from day 5 to three
months after discharge in all patient groups: normal glucose tolerance
9.8 mmol/L vs. 9.5 mmol/L, p=0.395, impaired glucose tolerance
10.7 mmol/L vs. 10.2 mmol/L, p=0.079 and diabetes mellitus 12.7 mmol/L
vs. 13.5 mmol/L, p=0.145. HbA1c was stable from admission to three
months (90% C I for the difference: 0.0, 0.15).

Metabolic syndrome
The metabolic syndrome was most common among patients with impaired
glucose tolerance (53%) compared to patients with normal glucose tolerance
(26%) and diabetes mellitus (42%) (p=0.019), seemingly driven by the
higher prevalence of hypertension (p=0.008). Insulin resistance was most
common in patients with diabetes mellitus (86%) compared to patients with
normal glucose tolerance (52%) and impaired glucose tolerance (65%)
(p=0.004).

Prediction of abnormal glucose tolerance
Fortynine per cent of the OGTTs performed at discharge and after three
months allocated the patients into the same glucose tolerance category,
normal glucose tolerance, impaired glucose tolerance or diabetes mellitus, on
both occasions (Table 6). The agreement between the OGTT classification at
discharge and after three months could be expressed as κ=0.23 (p<0.001).
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Table 6. Results of an oral glucose tolerance test in patients with acute myocardial
infarction at discharge from hospital and 3 months thereafter (n=142).

As a single predictor to classify diabetes mellitus and impaired glucose
tolerance or diabetes mellitus after 3 months, BG-60 and BG-120 at day 5
were very similar, and since the correlation between them was satisfactory
(r=0.613, p<0.001) , it was decided to use only BG-60 in subsequent
computations.

The hospital-derived variables that predicted diabetes mellitus three month
thereafter were OGTT (p=0.001) and a single BG-60 (p=0.008). Adding age,
body mass index, antihypertensive treatment, HbA1c at admission, fasting
TG or HDL-C on day two, a single F-BG, fasting insulin, fasting proinsulin,
HOMA-IR and PAI-1 on day five to the logistical regression model did not
further improve the predictive value. BG-60 was the only predictive variable
(p<0.001) when a similar analysis was performed aiming at the prediction of
impaired glucose tolerance or diabetes mellitus after three months. With
equal prior probability for belonging to the normal glucose tolerance and
impaired glucose tolerance/diabetes mellitus groups, the cut-off value for
BG-60 became 8.6 mmol/L and the sensitivity and specificity were 88 and
38%, respectively.

OGTT at 3 months

OGTT at discharge Normal glucose

tolerance

Impaired glucose

tolerance

Diabetes mellitus

Normal glucose tolerance

n=48 (100%)

n=23

(48%)

n=23

(48%)

n=2

(4%)

Impaired glucose tolerance

n=47 (100%)

n=18

(38%)

n=21

(45%)

n=8

(17%)

Diabetes mellitus

n=47 (100%)

n=7

(15%)

n=15

(32%)

n=25

(53%)
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Patients with HbA1c at admission above 5.3%
Out of 181 included patients, 39 had a HbA1c value above the reference
range.

Of these, 29 patients performed two OGTTs and the results are presented in
Table 7. Fasting blood glucose levels are presented separately. At discharge,
7 patients had diabetes mellitus according to fasting blood glucose criterion,
7 patients had F-BG <6.1 mmol/L and normal glucose tolerance and, 14
patients had F-BG < 6.1 mmol/L and impaired glucose tolerance or diabetes.
At three month, 10 patients had diabetes mellitus according to fasting blood
glucose criterion, 4 patients had F-BG <6.1 mmol/L and normal glucose
tolerance and, 15 patients had F-BG <6.1 mmol/L and impaired glucose
tolerance or diabetes.

An HbA1c value above 5.3% at admission predicts diabetes mellitus or
abnormal glucose tolerance (i.e. impaired glucose tolerance or diabetes
mellitus) at three months with a sensitivity and specificity of 42% and 86%,
and 28% and 92%, respectively.
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Table 7. Patients with acute myocardial infarction without previously known
diabetes and with a HbA1c >5.3% at admission. Fasting blood glucose (F-BG) at
discharge and at three months follow-up and classification according to oral
glucose tolerance test (OGTT) based on fasting blood glucose and blood glucose
120 minutes after ingestion of 75 g glucose at discharge and after three months.
Normal glucose tolerance, NGT; Impaired glucose tolerance, IGT; DM, diabetes
mellitus.

HbA1c %

at
admission

Fasting blood
glucose

at discharge

Diagnosis
according

to OGTT at
discharge

Fasting blood
glucose

at three months

follow-up

Diagnosis
according

 to OGTT at three

months follow-up

5.4 4.8 NGT 5.9 NGT
5.4 5.2 NGT 5.5 IGT
5.4 5.7 IGT 5.8 DM
5.5 6.0 NGT 5.6 NGT
5.5 4.4 IGT 5.0 IGT
5.5 6.0 DM 5.9 IGT
5.5 6.2 DM 6.0 DM
5.5 7.0 DM 7.2 DM
5.5 5.3 DM 5.1 DM
5.6 4.8 NGT 5.3 IGT
5.6 5.4 IGT 7.2 DM
5.6 5.6 IGT 6.2 DM
5.6 8.5 DM 5.2 DM
5.7 5.4 NGT 5.1 IGT
5.7 5.1 IGT 5.9 IGT
5.9 4.7 NGT 5.5 IGT
5.9 6.6 DM 7.5 DM
5.9 6.0 DM 6.5 DM
5.9 6.4 DM 5.7 IGT
5.9 4.7 DM 6.4 DM
5.9 5.5 DM 7.2 DM
6.0 6.0 NGT 5.6 NGT
6.0 5.5 IGT 5.7 IGT
6.0 5.2 DM 4.0 IGT
6.2 8.9 DM 6.8 DM
6.2 5.5 DM 4.9 IGT
6.4 5.3 IGT 4.7 NGT
6.6 * DM 12.3 DM
7.1 6.2 DM 7.6 DM
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Key results Paper IV

− In patients with acute myocardial infarction and without previously
known diabetes, insulin resistance decreased during hospital stay with no
further decrease from discharge to three months, which means that it is
possible to evaluate the glycaemic state already at hospital discharge.

− To diagnose diabetes or impaired glucose tolerance in patient with acute
myocardial infarction, HbA1c at admission and fasting blood glucose at
discharge had predictive value but only an oral glucose tolerance test or
a single blood glucose value 60 minutes after ingestion of 75 g glucose
were independent predictors of abnormal glucose tolerance. More
sophisticated analyses such as proinsulin and HOMA-IR did not add any
further predictive information

Limitations: Papers III and IV
The interpretations of our results are limited by the absence of a formal
control group. Thus, before the true relationship between disturbed glucose
metabolism, insulin resistance and acute myocardial infarction can be
established, the actual prevalence of impaired glucose tolerance, diabetes
mellitus and insulin resistance needs to be identified in a carefully matched
Scandinavian population without known diabetes and coronary heart disease.
Abdominal obesity could not be evaluated since waist-hip ratio or waist
circumferences were not measured in all patients.

Strengths of the studies: Papers I-IV
A major strength is the combination of two study populations selected in
different manners. Thus, the first population is a strictly consecutive selected
population with acute myocardial infarction whereas the second population
is a study focused on patients without previously known diabetes. The first
study population and half of the second study population were recruited from
the same catchments area and treated with similar guidelines for acute
myocardial infarction. Furthermore we have a long follow-up period for the
population-based study. Finely, drop-outs are carefully described.
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GENERAL DISCUSSION

Impaired glucose tolerance and diabetes mellitus in patients with
acute myocardial infarction
In the first study (Paper I) of consecutive patients with acute myocardial
infarction, the prevalence of previously known diabetes was about 20%. To
diagnose diabetes either just a F-BG or an OGTT could be used [1, 43], with
different results [45]. When we used F-BG as a diagnostic tool, every fourth
patient turned out to have a diagnosis of diabetes mellitus. Sixteen per cent
of these patients had no prior diagnosis of diabetes. Hence, it seems
worthwhile to perform screening with fasting blood glucose at hospital
discharge and at follow-up. Although this is a higher prevalence than
reported by some authors [107, 156], it is in accordance with other
unselected populations of patients with acute myocardial infarction, where
20-25% have diagnosed diabetes [109, 110]. The prevalence of diabetes in
the same age group in the general population is close to 12% [8].
Consequently, our results indicate that diabetes mellitus is about twice as
common in patients with acute myocardial infarction as in the general
population. From another point of view, coronary heart disease is known to
be twice as common in type 2 diabetes as in non-diabetic individuals [4, 106,
107].

In the second study (Paper III), diagnosis of diabetes was based upon an oral
glucose tolerance test. This study shows a high prevalence of abnormal
glucose metabolism in patients with acute myocardial infarction. Two-thirds
of the patients had abnormal glucose tolerance, i.e. impaired glucose
tolerance or diabetes mellitus at discharge and three months thereafter. This
is an unexpectedly high prevalence compared to people of the same age in
the general population [49, 72, 157]. In a population-based study that
excluded patients with known diabetes, performed in northern Sweden [72],
the prevalence of abnormal glucose tolerance in men and women aged
60 years, was 9.8% and 13.0%, respectively. In another general population-
based study of men aged 70 years, from central Sweden, the prevalence of
diabetes and impaired glucose tolerance was about 28% [157]. In the
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Rancho-Bernardo study [49], an American community-based study of white
adults of European ancestry with a mean age of 70 years, in which persons
with a history of diabetes, myocardial infarction and fasting hyperglycaemia
were excluded, 16% of the men and 11% of the women were identified as
diabetics. These cohorts are not perfectly matched with ours, yet the
prevalence of disturbed glucose metabolism in all these populations is far
below that noted in our study.

The high prevalence of diabetes in the study was evident despite the
exclusion of patients with previously known diabetes or with blood glucose
concentrations of more than 11.0 mmol/L at hospital admission.
Furthermore, patients over 80 years were not included and, since the
prevalence of diabetes increases with age [8], one would expect an even
higher incidence of abnormal glucose tolerance. Thus, the true prevalence of
diabetes mellitus among people with myocardial infarction is presumably at
least as high as 40-45%, since previously known diabetes is present in about
20% of individuals of an unselected infarct population. In our study (Paper
III), 35-40% had impaired glucose tolerance. Accordingly, about 30% in the
whole population with acute myocardial infarction have impaired glucose
tolerance.

When fasting blood glucose criteria were applied, less than half of the
individuals were diagnosed with diabetes. This clearly illustrates that F-BG
is unable to detect all patients with diabetes [45] and, since both F-BG and
BG-120 contribute to the cardiovascular risk [49, 115, 128-130, 132, 133],
an oral glucose tolerance test has to be performed to find all patients at risk.

Our results are supported by a study of disturbances in glucose metabolism
in Polish men with no previous diagnosis of diabetes who had been referred
for coronary angiography [158]. 52% of the patients had disturbances of
glucose metabolism; 16% had diabetes and 36% had impaired glucose
tolerance, the latter figure being similar to our findings, although the
prevalence of diabetes was lower, which is probably explained by their
lower age [8].

Insulin resistance and metabolic syndrome in patients with acute
myocardial infarction but without a previous diagnosis of
diabetes

In the second study (Paper IV), patients with acute myocardial infarction and
no previous diagnosis of diabetes were examined during hospital stay and
three months thereafter. This study revealed a high prevalence of insulin
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resistance both during hospital stay and three months thereafter. Insulin
resistance decreased during hospital stay and was unchanged from hospital
discharge to the three months follow-up.

Furthermore, this study shows that the differences between patients with
normal glucose tolerance, impaired glucose tolerance and newly detected
diabetes mellitus with respect to body mass index, blood lipids, fasting
insulin and proinsulin, HOMA-IR and PAI-1 during hospital stay are small.
In the Botnia study, comprising subjects aged 35-70-years and using the
same diagnostic criteria, the prevalence of insulin resistance was 25% in
individuals with normal glucose tolerance, about 60% among those with
impaired glucose tolerance and almost 90% in type 2 diabetes [101]. In
people aged 60-69 years with normal glucose tolerance, the prevalence of
insulin resistance was about 30-35%, compared with 52% in the post-
infarction patients with normal glucose tolerance (Paper IV). Accordingly, it
seems that patients with normal glucose tolerance and an acute coronary
event are more insulin-resistant than individuals with normal glucose
tolerance in the general population.

Insulin resistance and dyslipidaemia were common irrespective of whether
the patient had normal glucose tolerance, impaired glucose tolerance or
diabetes mellitus , whereas hypertension was less common among patients
with diabetes mellitus compared to those with impaired glucose tolerance.
The latter finding decreased the prevalence of the metabolic syndrome
among patients with diabetes. Compared with the outcome of the Botnia
study, the present prevalence of the metabolic syndrome is twice as high in
patients with normal glucose tolerance, similar in those with impaired
glucose tolerance and 50% lower in patients with diabetes mellitus [101]. To
evaluate the relationship between insulin resistance, metabolic syndrome and
myocardial infarction, we need a control group from the same population
and also with the same definition of metabolic syndrome [88, 99, 101].

Casual blood glucose and cortisol at admission for acute
myocardial infarction

In non-diabetic patients (Paper II), blood glucose at admission was not
correlated with long-term glycaemia, measured as haemoglobin A1c, but
with the acute stress response induced by the myocardial infarction and
assessed as serum cortisol [28]. On the fifth day in hospital, the relationship
between fasting blood glucose and admission serum cortisol was lost,
indicating that in the majority of patients the stress response has subsided at
discharge from hospital [29, 30].
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Furthermore, the normal circadian rhythm of cortisol, with the lowest levels
between 10.00 pm and 04.00 am [41], was lost in the acute phase of
myocardial infarction, indicating that the stress imposed by the acute
myocardial infarction overrides the diurnal rhythm of serum cortisol. In most
studies [31-34], but not in all [35], plasma cortisol is raised in proportion to
the size of the infarction. The weak positive correlation observed between
the size of infarction determined from maximum CK-B activity and serum
cortisol at admission has possibly been diminished in our study by
thrombolytic treatment, which, if successful, reduces myocardial damage
and thereby maximum CK-B. The admission serum cortisol level, which
reflects the metabolic stress [33, 34], may thereby lose its relationship to the
infarction size [159].

Possibilities for predicting and diagnosing abnormal glucose
metabolism in acute myocardial infarction
Since insulin resistance was unchanged from hospital discharge to the three
months follow-up, it should be possible to evaluate the glycaemic state at
hospital discharge and to derive algorithms suitable for this purpose.

In the first study (Paper I), only half of the patients without known diabetes
and with a casual blood glucose >11.1 mmol/L at admission met the fasting
blood glucose criteria [1, 43] for diabetes mellitus at follow-up. However,
since an OGTT was not routinely performed, diabetes was not excluded [1,
45]. In the second study (Paper III), all patients performed an OGTT but
nevertheless there was no significant association between admission blood
glucose and the former diagnosis of diabetes. However, no patients with
casual blood glucose at admission >11.1 mmol/L were included.

The present findings indicate that in patients with acute myocardial
infarction without previously known diabetes, a casual blood glucose value
at admission >11.1 mmol/L was strongly suspicious but not conclusive for
diabetes. Also, casual capillary blood glucose values >11.1 mmol/L are
considered as diabetes if, in addition, clinical symptoms of diabetes exist [1,
43].

Nevertheless, diabetes or not, blood glucose at admission for acute
myocardial infarction is still of interest. For instance, there is a positive
correlation between the blood glucose level and a poorer outcome [138] and
the DIGAMI study has shown that intensive insulin treatment improves the
outcome in acute myocardial infarction in patients with known diabetes as
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well as in patients with previously unknown diabetes with a casual blood
glucose at admission >11.1 mmol/L [139].

In both our studies (Papers I-IV), there was a considerable overlap in HbA1c
between the different categories of glucose tolerance, as in previous studies
[67, 68]. Indeed, in patients categorised according to an OGTT, HbA1c more
than 4.9% had the capacity to predict diabetes with a sensitivity and
specificity of 79% and 49%, respectively, and HbA1c has been used in an
algorithm to predict abnormal glucose tolerance [65-67]. With a higher
cut-off level, the specificity in predicting abnormal glucose tolerance
improves. Furthermore, since HbA1c was positively correlated to a poorer
outcome in our study (Paper II), and in another post-infarction study [142] as
well as in the general population [136], HbA1c may be suitable as a tool to
select high-risk individuals for an oral glucose tolerance test . Nevertheless,
HbA1c could never be used as a single tool to find diabetes [65, 67, 68].

Obviously, fasting blood glucose alone was insufficient to diagnose all
patients with diabetes. It is well known from previous reports that an oral
glucose tolerance test is necessary to identify all people with diabetes [45,
49, 65, 66]. However, fasting blood glucose at hospital discharge had the
capacity to predict impaired glucose tolerance as well as diabetes.
Accordingly, fasting blood glucose has been used in both high-risk
individuals [65] and the general population [66] to select individuals for an
oral glucose tolerance test.

An OGTT performed at hospital discharge was, together with BG-60, the
best way to predict the diagnosis of diabetes mellitus three months after
hospital discharge. The intra-individual tracking of oral glucose tolerance
from discharge to follow-up was fairly poor in our study, as in other studies
with repeated OGTT [54, 55]. One reason is the arbitrary definitions of
impaired glucose tolerance and diabetes [1], classifying, as an example,
F-BG 6.0 mmol/L and BG-120 7.7 mmol/L as normal and, 6.1 mmol/L and
7.7 mmol/L as diabetes. This is the background to the recommendation to
repeat the test procedure for the selection of true risk individuals [55].
According to the WHO recommendations, a single OGTT is sufficient for
epidemiological and screening purposes but to settle a diagnosis the test has
to be repeated [1]. Following these recommendations, it would be reasonable
to perform a repeated OGTT to settle the diagnosis of impaired glucose
tolerance or diabetes mellitus after acute myocardial infarction. Accordingly,
if a robust diagnosis of abnormal glucose tolerance is needed, an OGTT
should be performed at discharge and if abnormal repeated thereafter.
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A single blood glucose value 60 minutes after ingestion of 75 g glucose was
the only independent predictor of abnormal glucose tolerance, i.e. impaired
glucose tolerance or diabetes. This is in line with a previous study showing
that a blood glucose value 60 minutes after ingestion of 100 g glucose was
superior to a 120 minutes value in predicting impaired glucose tolerance or
diabetes whereas blood glucose after 120 minutes was better in predicting
diabetes [160]. However, good accordance between BG-60 and BG-120 has
also been reported [53]. In our study (Paper IV), BG-60 and BG-120 at day
five were very similar as a single predictor to classify impaired glucose
tolerance or diabetes after 3 months and, since the correlation between them
was satisfactory, we decided to use only BG-60 in our computations. In
clinical practise, it is presumably easier to measure post-challenge blood
glucose after 60 minutes, compared to 120 minutes, at the day of hospital
discharge.

A blood glucose value >8.6 mmol/L 1 hour after ingestion of 75 g glucose
predicted in our study abnormal glucose tolerance with good sensitivity but
with low specificity. Maybe this value may serve as a practical, cheap and
reasonably discriminative screening tool in the selection of dysglycaemic
patients with unstable coronary artery disease for potential and metabolically
oriented secondary preventive measures.

There were no changes in HOMA-IR, fasting proinsulin or PAI-1 levels
from day five to follow-up three months thereafter. Surprisingly , these more
sophisticated and at the same time complex and expensive analyses failed to
predict abnormal glucose tolerance three months after discharge. The most
likely explanation is the high prevalence of insulin resistance observed
across glucose tolerance categories.

The importance of glycaemic state for the long-term prognosis in
non-diabetic patients

The glycaemic state, measured as haemoglobin A1c, was a major
determinant of long-term prognosis in non-diabetic patients after an acute
myocardial infarction (Paper II). In the EPIC study, haemoglobin A1c was
continuously related to cardiovascular mortality through its entire
distribution in a general population [136]. This observation also in the non-
diabetic population is in agreement with our findings in patients with
myocardial infarction. Furthermore, our data are supported by a previous
report showing that haemoglobin A1c was a risk factor for one-year
mortality after acute myocardial infarction in non-diabetic patients [142].
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In patients who were non-diabetic according to fasting blood glucose
criterion, the glycaemic disturbances, detected as elevated haemoglobin A1c,
were related to shorter event-free survival but this was not demonstrated for
fasting blood glucose day five. In harmony with this observation, the
DECODE study shows that fasting glucose concentrations alone do not
identify individuals at increased risk of death associated with
hyperglycaemia [161] and that an oral glucose tolerance test has to be
performed.



51

Clinical implications

The studies in this dissertation have revealed an unexpectedly high
prevalence of abnormal glucose tolerance in patients with acute myocardial
infarction, provided that an oral glucose tolerance test was performed, and
that it was possible to evaluate the glycaemic state at hospital discharge.
Consequently, in all patients with acute myocardial infarction, casual blood
glucose and HbA1c should be measured at admission and, at least, fasting
blood glucose at hospital discharges. Furthermore, in patients regarded as
non-diabetic, according to fasting blood criterion, the long-term prognosis
was positively correlated to the HbA1c level. In those patients, there were
possibly, glycaemic disturbances of importance not detected by fasting blood
glucose. Accordingly, already today, it seems reasonable in patients with
HbA1c over the upper reference level to consider an oral glucose tolerance
test.
Needless to say, recommendations to perform an oral glucose tolerance tests
in all patients with acute myocardial infarction presuppose that intensive
pharmacological or lifestyle intervention in the group with newly detected
abnormal glucose tolerance improves the prognosis, which remains to be
demonstrated in prospective studies.

Future
The actual prevalence of impaired glucose tolerance, diabetes mellitus and
insulin resistance needs to be determined in a carefully matched control
population without known diabetes and coronary heart disease.
Long-term outcome in our study populations, especially with regard to
newly detected abnormal glucose tolerance, has to be followed.
A prospective intervention study with anti-diabetic treatment in patients with
coronary events and newly detected abnormal glucose tolerance ought to be
performed.
Furthermore, we need to evaluate if HbA1c at admission; or fasting blood
glucose, blood glucose 60 minutes after ingestion of 75 g glucose, or an oral
glucose tolerance test at discharge should be used to select patients for
secondary intervention.
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Conclusions

• In patients with acute myocardial infarction:
– one out of four have diabetes if diagnosis is based upon 

fasting blood glucose,
– at least 40-45% have diabetes if diagnosis is based on an 

oral glucose tolerance test,
– about 30% have impaired glucose tolerance.

• In patients with acute myocardial infarction without previously known
abnormal glucose tolerance:
– the prevalence of insulin resistance at follow-up in 

patients with normal glucose tolerance, impaired glucose,
tolerance and diabetes mellitus was 52, 65 and 86%, respectively,

– the insulin resistance decreased during hospital stay, with no 
further decrease from hospital discharge to follow-up.

• In the acute phase of myocardial infarction:
– the casual blood glucose at admission in non-diabetic patients 

correlated with the acute stress response, assessed as serum 
cortisol.

• To predict diabetes or impaired glucose tolerance in patients with acute
myocardial infarction:
– an oral glucose tolerance test and a post-challenge blood glucose 

measurement after 60 minutes at discharge were independent 
predictive measures.

• The glycaemic state, reflected by HbA1c, has an impact on the long-term
prognosis in non-diabetic patients after acute myocardial infarction.
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