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ABSTRACT

A majority of patients with coronary artery disease have abnormal glucose regulation and as many as 30% overt 
diabetes mellitus. Despite considerable improvements in the management of cardiovascular diseases, patients 
with diabetes have not benefited to the same extent as those without this disease. Possible explanations are poor 
glycaemic control and inferior efficacy or insufficient use of available treatments in these patients. 

Aims
1. To investigate diagnostic and therapeutic strategies in patients with coronary artery disease by diabetic state 
2. To assess clinical practice in relation to existing guidelines
3. To compare the impact of evidence-based medications and revascularisation procedures on mortality and major 

cardiovascular events in patients with coronary artery disease with and without diabetes mellitus
4. To describe glucose lowering therapy in relation to cardiovascular prognosis
5. To, at an early stage, identify coronary artery disease patients at a high risk of future cardiovascular events 

Management of coronary artery disease
Diabetes mellitus was reported in 1,524 (31%) of 4,961 patients enrolled, all with coronary artery disease. Among 
the 1,872 patients with acute coronary syndromes the diabetic status did not influence the propensity to use dif-
ferent pharmacological agents (except renin-angiotensin-aldosteron system blockers; odds ratio 1.33, p = 0.03) or 
coronary interventions. In patients with stable coronary artery disease (n = 2,854) secondary prevention guidelines 
were poorly adhered to: only 30% achieved blood pressure targets (< 140/90 mmHg) and lipid control was ad-
equate in a minority of diabetic and non-diabetic patients (total cholesterol below 5 mmol/L: 55 versus 47%; LDL 
cholesterol below 3 mmol/L: 57 versus 51%).

Implementation of available tools
Of the eligible patients 44% and 43% of those with and without diabetes received evidence-based medications 
while 34% and 40% were revascularised. The use of evidence-based medications or of revascularisation in pa-
tients with diabetes mellitus provided an independent protective effect on one year mortality (HR 0.37, 95%CI 
0.20-0.67; p = 0.001 and 0.72, 95%CI 0.39-1.32; p = 0.275) and cardiovascular events (HR 0.61, 95%CI 0.40-
0.91; p = 0.015 and 0.61, 95%CI 0.39-0.95; p = 0.025 respectively) compared to the effects that these two ap-
proaches produced in the non-diabetic patients.

Glucose lowering treatment
Out of 1,425 patients with known diabetes mellitus 378 were on insulin and 675 on oral glucose lowering drugs 
only. Insulin treated patients had an adjusted one year hazard ratio for mortality of 2.23 (95% CI 1.24-4.03; p = 
0.006) and for cardiovascular events of 1.27 (95% CI 0.85-1.87; p = 0.230) compared to those on oral glucose 
lowering drugs. Within the 452 patients with newly detected diabetes 77 (17%) were started on glucose lowering 
drugs. None of them died compared to 25 (p = 0.002) among those without such treatment and their one year 
cardiovascular event hazard ratio was 0.22 (95% CI 0.05-0.97; p = 0.041) compared to untreated patients.

Predicting cardiovascular events
Based on easily available clinical variables (fasting plasma glucose, high density lipoprotein-cholesterol, and age) 
a single hidden layer Artificial Neural Network model reached a cross-validated misclassification rate of 37.8% 
compared to the glucose tolerance profile assessed by an oral glucose tolerance test. By the artificial network cri-
terion 1,283 patients with complete one year follow-up concerning cardiovascular events were divided in low and 
high risk groups within which the events were respectively 5.0 and 10.3% (p = 0.005). Adjusting for confounding 
variables patients in the high risk group had a one year cardiovascular event hazard ratio of 2.11 (95% CI 1.21-
3.67) compared to 1.37 (95% CI 0.79-2.36) for those assessed as diabetic by the oral glucose tolerance test.

Conclusions
European patients with diabetes mellitus admitted for acute coronary syndromes receive, when taking into ac-
count baseline characteristics, a comparable acute in-hospital management to their non diabetic counterparts. Sec-
ondary prevention of coronary artery disease is unsatisfactory both in patients with and without diabetes. Patients 
with diabetes benefit to a great extent from evidence-based medications or revascularisation procedures and the 
choice of glucose lowering modality seems prognostically important. Early institution of glucose lowering drugs 
seems beneficial in patients with newly detected diabetes mellitus. The Artificial Neural Network criterion, based 
on easily available clinical variables, has shown interesting risk stratification capacities. 

Key words: coronary artery disease, diabetes, acute coronary syndromes, guidelines, prevention, evidence-based 
medications, revascularisation, insulin, oral glucose lowering drugs, risk stratification, artificial neural network.
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LIST OF ABBREVIATIONS

ADA American Diabetes Association
ACS acute coronary syndromes
AMI acute myocardial infarction
ANN artificial neural network
CABG coronary artery bypass graft
CAD coronary artery disease
CRF case record form
CVD cardiovascular disease
CVE cardiovascular events
DM diabetes mellitus
EASD European Association for the Study of Diabetes
EBM evidence-based medications
ECG electrocardiogram
ESC European Society of Cardiology 
FPG fasting plasma glucose
GAMI Glucose Tolerance in Patients with Acute Myocardial Infarction
IFG impaired fasting glucose
IGR impaired glucose regulation
IGT impaired glucose tolerance
HbA1c glycosylated haemoglobin A1c
HR hazard ratio
NGR normal glucose regulation
NSTEMI  non ST-elevation myocardial infarction
OGLD oral glucose lowering drugs
OGTT oral glucose tolerance test
PCI percutaneous coronary intervention
RAAs renin-angiotensin-aldosteron system
STEMI ST-elevation myocardial infarction
2hPG 2-hour post challenge plasma glucose
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INTRODUCTION

The scope of the problem

Epidemiology of cardiovascular disease and 
diabetes mellitus

Cardiovascular disease (CVD) is the major 
cause of death across Europe. Despite consid-
erable progress in medical sciences, offering 
new diagnostic tools and significant therapeu-
tic improvements, invasive and non-invasive, 
CVD maintains a substantial impact on hu-
man suffering, including premature mortal-
ity, morbidity and diminished quality of life. 
Moreover it has a great impact on health care 
expenditures and costs for disability in all af-
fected age groups.
The worldwide prevalence of diabetes mel-
litus (DM), especially the predominant type 
2 DM, comprising about 90% of the adult 
diabetic population, has continuously and 
rapidly increased during the last decades. 
An ageing population, increasing body mass 
and decreasing physical activity are factors 
behind this development. In the developing 
countries a rapid economical transition intro-
duces substantial lifestyle changes including 
a reduction of physical activity and increased 
prevalence of obesity due to increased avail-
ability of energy-dense and rich in saturated-
fat food forms. These demographic and eco-
nomic changes favour clustering of classical 
cardiovascular risk factors as well as they 
promote the development of type 2 DM al-
ready at young age. The global prevalence of 
DM in the adult population estimated in 1995 
to be 4.0% is predicted to increase to 5.4% 
in the year 2025 (1). The recent assessments 
for the US population, based on a survey per-
formed in 2000, support these projections 
and indicate a further increase up to 7.2% in 
2050 (2). Accordingly the number of diabetic 
individuals is predicted to double in the de-

veloped countries, reaching millions in the 
year 2025 with the highest incidence in age 
groups >65 years. In the developing countries 
the majority of affected individuals will be 
seen in the middle-aged population aged 40-
65 years (3). 

Impact of diabetes on natural history and 
prognosis of coronary artery disease 

DM is associated with a substantial burden of 
premature death. This is attributable to athero-
sclerosis accounting for 2.9% of the all cause 
annual mortality and 1.4% from all vascular 
causes (4). The accelerated, premature athero-
sclerosis contributes to 75% of deaths among 
individuals with both type 1 and type 2 DM. 
The Framingham study was the first 
epidemiological report demonstrating a two-
to-four-fold increased risk of angina pectoris 
and acute myocardial infarction (AMI) in 
diabetic patients with the highest increment of 
risk applied to young individuals <45 years of 
age (5). 
Type 2 DM is associated with a whole range 
of cardiovascular risk factors, such as: hy-
pertension; highly atherogenic dyslipidaemia 
characterised by low HDL-cholesterol, high 
triglycerides and the presence of small-dense 
LDL particles; abdominal obesity and a pro-
coagulatory state, including platelet dysfunc-
tion, impaired fibrinolytic activity and in-
creased fibrinogen (3,5,6). There is, in fact, 
evidence for a continuous relationship be-
tween the level of blood glucose and the pro-
gression of cardiovascular risk throughout a 
wide spectrum of glycaemia starting already 
at blood glucose values regarded as normal 
(7,8).
Because of this DM can no longer be per-
ceived as an endocrine disorder only bear-
ing high risk of micro- and macrovascular 
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complications. It has become a diagnosis of 
considerable and ominous importance in car-
diovascular medicine related to significantly 
higher mortality and morbidity, causing nu-
merous hospital readmissions, a higher in-
cidence of heart failure and an unfavourable 
prognosis in general. In particular, type 2 DM 
has been referred to as ”a cardiovascular dis-
ease associated with hyperglycaemia” (9). 

Glucose as a risk factor

Hyperglycaemia below the border for DM 
was suggested to indicate increased risk for 
atherosclerotic disease already in 1976 (10). 
Macrovascular complications increase along 
various stages of hyperglycaemia. Data from 
the prospective Whitehall study revealed 
that the risk for CVD was almost doubled in 
subjects with impaired compared with those 
with normal glucose tolerance (11). During 
23-years of follow-up in the Honolulu Heart 
Program there was a dose-response rela-
tion between glucose intolerance at baseline 
and the incidence of coronary artery disease 
(CAD) including cardiovascular and all cause 
mortality that was independent of other risk 
factors. The highest, more than three-fold, 
absolute risk of death was found among sub-
jects with known DM (12). During similar 
periods of follow-up of the Whitehall, in the 
Paris Prospective and the Helsinki Policemen 
studies, men in the highest quintile of a 2-
hour post challenge plasma glucose (2hPG) 
had an almost two-fold higher risk of death, 
1.6 from all cause and 1.8 from cardiovas-
cular causes (13). Importantly it seems as 
if 2hPG is a more important risk factor for 
subsequent cardiovascular morbidity and 
mortality than the fasting glucose (14). A 
meta-analysis comprising 95,783 individuals 
(94% male) over 12.4 years showed a rela-
tion between glucose levels and cardiovas-
cular events (CVE) already at glucose levels 
below the diabetic threshold. The relative 

risk for cardiovascular mortality was 1.33 
at fasting blood glucose of 6.1 compared to 
4.2 mmol/L, and 1.58 at a 2hPG levels of 7.8 
versus 6.1 mmol/L respectively (7).

Outlining the cardiovascular risks associated 
with dysglycaemia

Despite increasing survival rates for patients 
with CVD, the prognosis for those who also 
have DM remains poor not only due to the 
more extensive and diffuse coronary disease 
(15) but also due to the failure of current treat-
ment strategies to treat the DM component 
effectively (16,17). Moreover, macrovascular 
complications start to become manifest early 
in the dysglycaemia disease continuum. A 
significant proportion of dysglycaemic indi-
viduals develop vascular damage during the 
prediabetic stage but the disturbed glucose 
metabolism often remains undetected until 
the first cardiovascular event.

Postprandial hyperglycaemia is a major 
cause underlying the pathology of dysgly-
caemia complications. Postprandial hyperg-
lycaemia occurs in dysglycaemic individuals 
when the pancreatic β-cells fail to release 
enough insulin to overcome the enhanced 
peripheral insulin resistance causing an un-
toward increase in plasma glucose (18). The 
resulting glucotoxicity activates pathologi-
cal processes such as oxidative stress, which 
causes dysfunction of the pancreatic β-cells 
(19), and activates atherogenic pathways (20; 
Figure 1). Such processes have clinical im-
plications for the patient; the landmark Dia-
betes Epidemiology: Collaborative Analysis 
of Diagnostic Criteria in Europe (DECODE) 
found postprandial hyperglycaemia to be an 
independent risk factor for premature mortal-
ity with CVD as the most common cause of 
death (14). Numerous other studies have con-
tributed to the considerable body of evidence 
supporting a close association between post-
prandial hyperglycaemia and cardiovascular 
mortality (13,21,22,23). 
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Progression of the dysglycaemic continuum 
is associated with worsening cardiovascular 
health. Estimates predict that 40–50% of in-
dividuals with prediabetes will develop type 
2 DM within 10 years, highlighting the im-
portance of early detection of dysglycaemia 
to prevent the progression of prediabetes to 
type 2 DM (24,25).

Detecting abnormal glucose metabolism                                                                      

Despite increasing awareness of dysglycae-
mia within the medical community, there has 
been a reluctance to diagnose the prediabetic 
stage, probably due to lack of complete un-
derstanding of the condition (28,29,30). Up-
dated criteria to diagnose dysglycaemia are 
provided in Table 1. 

Fasting plasma glucose (FPG) levels are 
measured after the patient has not eaten for 
8 hours, while postprandial plasma glucose 
levels are measured 2 hours following a 
standardised meal. The oral glucose tolerance 
test (OGTT) is used in the clinic to measure 

Hyper-

glycemia

Oxid
ative
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DAG*
PKC activation

TGFß

cPLA2
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Na+/K+ATP-ase

VEGF     PKC

ANP     BNP
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eNOS
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(    )

Figure 1. Consequences of hyperglycaemia-induced activation of protein kinase C (PKC). Hyperglycae-
mia increases diacylglycerol (DAG) content, which activates PKC. Activation of PKC has a number of 
pathogenic consequences by affecting expression of endothelial nitric oxide synthetase (eNOS), endothe-
lin-1 (ET-1), vascular endothelial growth factor (VEGF), transforming growth factor-b (TGF-b) and 
plasminogen activator inhibitor-1 (PAI-1). Adapted from references 26 and 27 by permission.

Table 1. Plasma glucose levels for the diagnosis 
of different stages of dysglycaemia and normo-
glycaemia. Adapted from references 31 and 32 by 
permission.

WHO = World Health Organisation; IDF = Inter-
national Diabetes Federation; ADA = American 
Diabetes Association; FPG = Fasting plasma glu-
cose; 2hPG = 2-hour post challenge plasma glu-
cose; IGT = Impaired glucose tolerance; IFG = 
impaired fasting glucose.

Classification Plasma glucose (mmol/L)
WHO/IDF

2006
ADA
2007

Type 2 diabetes
FPG ≥7.0 ≥7.0
2hPG ≥11.1 ≥11.1
Prediabetes – IGT
FPG -
2hPG 7.8–11.0 -
Prediabetes – IFG
FPG 6.1–6.9 5.6-6.9
2hPG -
Normoglycaemia
FPG <6.1 <5.6
2hPG <7.8 <7.8
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2hPG levels, which correspond closely with 
postprandial levels (33). The OGTT involves 
a glucose challenge, in which patients drink 
75g glucose dissolved in water, with blood 
sampling at baseline and after 2 hours (34). 
The OGTT is recommended for the diagno-
sis of dysglycaemia and is particularly useful 
in patients at high risk for glucose perturba-
tions, such as those with CVD (28). 
Guidelines for managing patients with diabe-
tes, prediabetes and cardiovascular diseases 
state that all patients with CVD should be 
tested if their glucose tolerance condition is 
unknown (35). A diagnosis based on FPG 
only would under-diagnose the prevalence 
of dysglycaemia. Previous results from large 
registries reported that about two-thirds of 
patients with positive OGTTs would have re-
mained undiagnosed if only FPG levels had 
been considered (36,37). 
Elevated FPG levels indicate fasting hyper-
glycaemia, while elevated 2hPG levels indi-
cate postprandial hyperglycaemia. Impaired 
fasting glucose (IFG) and impaired glucose 
tolerance (IGT) are forms of prediabetes 
characterised by fasting and postprandial hy-
perglycaemia, respectively. Individuals may 
have both fasting and postprandial hypergly-
caemia. However, patients with dysglycae-
mia may have normal FPG levels but elevat-
ed postprandial blood glucose levels. Thus, 
a 2hPG level measured by OGTT is a better 
predictor of the dysglycaemic state than FPG 
and also a better risk predictor for subsequent 
cardiovascular complications (38,39). The 
Diabetes Epidemiology: Collaborative Anal-
ysis of Diagnostic Criteria in Asia (DECO-
DA) analysed the effect of including 2hPG 
and FPG levels in models to predict all-cause 
and cardiovascular mortality (40). The inclu-
sion of 2hPG levels in an FPG-level model 
significantly improved the predictability (p < 
0.001). Inclusion of FPG levels in a 2hPG-
level model did not add further information. 
The OGTT has been criticised for lack of long-

term reliability. In a recent report, OGTT-
based classification of patients with AMI was 
performed at three occasions, before hospital 
discharge and three and 12 months thereafter. 
At discharge, 34, 31 and 34% were classified 
as normal or having impaired glucose toler-
ant or type 2 DM respectively. Ninety three 
percent of all patients with IGT or type 2 DM 
were still classified with these conditions af-
ter 12 months of follow-up (41).
In summary routine use of OGTTs in the 
cardiology setting is a simple, cost-effective 
approach that has potential to significantly 
improve the detection of metabolic abnor-
malities in patients with CVD.

Abnormal glucose metabolism in patients 
with coronary artery disease                                                 

A high percentage of patients with CAD, 
previously unaware of such condition, have 
impaired glucose metabolism (42,43,44). Ac-
cordingly this condition often remains undi-
agnosed until a serious cardiovascular com-
plication exposes the disease (45). 

Three prospective studies have reported on 
abnormal glucose metabolism in patients 
with CVD (Figure 2). 

The Glucose Tolerance in Patients with 
Acute Myocardial Infarction (GAMI) study 
(42) was designed to detect the prevalence of 
dysglycaemia in patients admitted to hospital 
with AMI. An OGTT was performed at hos-
pital discharge, about four to five days after 
AMI (n = 168, and again three months later 
(n = 144). Abnormal glucose metabolism 
was detected in approximately two-thirds 
of patients at hospital discharge – 35% had 
prediabetes and 31% newly diagnosed type 2 
DM. A similar prevalence was recorded three 
months later, suggesting that increased sym-
pathetic drive induced by the acute illness 
was not the main reason for the metabolic 
imbalance, and that testing before hospital 
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discharge provided an accurate reflection of 
the glucose tolerance. Similar findings were 
reported in two larger studies, the 25-coun-
try Euro Heart Survey (43), and the China 
Heart Survey (37) both recruiting patients 
not only with unstable but also stable CAD. 
In the Euro Heart Survey approximately one 
third of the patients with known CAD had 
known type 2 DM at study start. When an 
OGTT was performed in patients without 
known DM it revealed that less than half 
were normoglycaemic while 37% had IGT 
and 18% newly diagnosed DM. The China 
Heart Survey, mimicking the design of the 
Euro Heart Survey, enrolled 3,513 Chinese 
patients with CAD. Type 2 DM was known 
in approximately one third of those recruited 
for the study. Among the remaining patients 
OGTTs diagnosed DM in 27% and predia-
betes in another 37%. Together, the GAMI, 
Euro and China Heart Surveys provide strong 
and universal evidence of a high prevalence 
of abnormal glucose metabolism among pa-
tients with CAD, highlighting the need for 
improved strategies for worldwide glucose 
screening and management. In a study re-
cruiting patients with cerebrovascular and 

peripheral arterial disease the findings were 
about the same indicating that disturbed glu-
cose metabolism is common in all types of 
atherosclerotic vascular disease (46).

Treatment strategies

Guidelines targets for patients with diabetes 
and coronary artery disease

The recently issued joint European Society of 
Cardiology (ESC) and European Association 
for the Study of Diabetes (EASD) guidelines 
on diabetes, prediabetes and cardiovascular 
disease recommend increased collaboration 
between cardiologists and diabetologists 
to improve the management of CVD and 
dysglycaemia (35). The ‘cardiodiabetologic’ 
approach that hopefully will arise with such 
collaboration was advocated as necessary to 
improve the outcome for this patient category. 
Their elevated health risks necessitate an 
extensive risk assessment according to a 
comprehensive, multifactorial management 
plan, accounting for all risk factors. The 
specific treatment goals for patients with 
CVD and dysglycaemia recommended by the 
guidelines are shown in Table 2.

GAMI1

n = 164
EHS2

n = 1920
CHS3

n = 2263

Normoglycemia Prediabetes Type 2 diabetes

45%
36%34%

35% 37% 37%

31%
18%

27%

Figure 2. Abnormal glucose metabolism in patients with cardiovascular disease without any history of 
glucose perturbations. All patients were subjected to an Oral Glucose Tolerance Test. Abnormal glucose 
metabolism, including prediabetes and type 2 diabetes, was more common than normoglycaemia. GAMI 
= Glucose Tolerance in Patients with Acute Myocardial Infarction study (42); EHS = Euro Heart Survey 
(43); CHS = China Heart Survey (37). From reference 24 by permission.
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Table 2. Recommended treatment targets for patients with diabetes and coronary artery disease according 
to European guidelines issued in 2007. From reference 35 by permission. 

Blood pressure (systolic/diastolic; mmHg) <130/80 
In case of renal impairment, proteinuria >1g/24h <125/75

Glycaemic control 

HbA1c (%) # ≤6.5
Glucose expressed as venous plasma mmol/L (mg/dL)

Fasting ≤6.5 (108)
Post prandial (peak) <7.5 (135) diabetes type 2

7.5-9.0 (135-160) diabetes type 1

Lipid profile expressed in mmol/L (mg/dL)
Total cholesterol <4.5 (175)

LDL-cholesterol ≤1.8 (70)

HDL-cholesterol
Men >1.0 (40) 
Women >1.2 (46) 

Triglycerides * <1.7 (150)
Total/HDL cholesterol * <3

Smoking cessation Obligatory

Regular physical activity (minutes/day) >30- 45

Weight control
BMI (kg/m2) <25
In case of overweight weight reduction (%) 10

Waist (optimum; ethnic specific; cm)
Men <94
Women <80

Dietary habits
Salt intake (g/day) <6
Fat intake (% of dietary energy)

Saturated <10
Trans fat <2
Polyunsaturated n-6 4-8

Polyunsaturated n-3 2g/day of linolenic acid and 
200mg/day of very long

chain fatty acids

* Not recommended for guiding treatment, but metabolic/risk assessment; 
# DCCT-standardised.
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In lack of randomised controlled trials ad-
dressing patients with heart diseases and 
DM the currently available guidelines by the 
ESC/EASD, together with subgroup analy-
sis of major clinical trials and the expressed 
opinion of experts in the field, have been 
used as the core of management evidence 
(47,48,49,50,51).
In contrast to many reports on the increasing 
prevalence of type 2 DM and the enhanced 
risk for concomitant CVD, studies compar-
ing different treatment regimens, intended to 
improve this situation, are sparse or lacking. 
There are few randomised-controlled trials 
addressing this patient population and the 
knowledge of evidence-based treatment is 
limited to the aforementioned studies. Most 
sources of information are likely to be biased 
due to unclear diagnosis of DM and its treat-
ment and recruitment limitations, excluding 
individuals with co-morbidity, diabetic com-
plications or elderly patients. Accordingly 
the obtained results may not be applicable 
to a common DM patient as seen in clini-
cal practice (52). Many drugs and treatment 
strategies, widely available and used in dia-
betic individuals, were never studied in the 
setting of controlled clinical trials with car-
diovascular events as outcome measures. 
Thus their effects and impact on patient’s 
outcomes as well as the proportion of benefit 
and harm attributable to certain treatments 
are not known.

In general it seems that treatment available 
for patients with CAD can be applied also 
to individuals with DM. However, in the 
presence of DM, the expected benefits are 
reduced either due to the metabolic disease 
itself, other associated factors not identified 
so far (53) or inadequate use of available 
tools. 

Multifactorial evidence-based management

Patients with established type 2 DM benefit 
from a broad approach aiming at the cor-
rection of all modifiable risk factors for an 

effective prevention of a variety of CVD 
manifestations. The STENO 2 study clearly 
demonstrated the value of a target-driven, 
multifactorial intervention in a group of DM 
patients, all with microalbuminuria as an in-
dication of their high risk for microvascular 
and macrovascular complications (54). Pa-
tients randomised to intensive multifactorial 
therapy had a significantly better prognosis 
including survival than those routinely man-
aged in primary care. The institution of in-
tensive therapy caused an absolute mortality 
reduction of 20% and an absolute cardiovas-
cular mortality reduction of 29% during a 13 
year long period of follow-up (55). An excel-
lent example of the inadequacy of a one drug 
approach to decrease CVD incidence derives 
from a recent trial (56) that randomised 37 
overweight/obese insulin-resistant, still non 
diabetic, subjects to fenofibrate, rosiglitazone 
or a calorie-restricted diet. Weight decreased 
in the diet group, but did not change signifi-
cantly after treatment with any of the two 
drugs. Insulin sensitivity improved signifi-
cantly in the diet- and rosiglitazone-treated 
groups. Total cholesterol was significantly 
lower after fenofibrate and diet. Fasting plas-
ma triglycerides decreased significantly in 
the fenofibrate- and diet-treated groups, but 
postprandial triglycerides concentrations de-
creased only in fenofibrate-treated subjects. 
Significant decreases in postprandial glucose 
and insulin were only seen with the combi-
nation of rosiglitazone and diet. Fenofibrate 
improved dyslipidaemia in these subjects 
without changing insulin sensitivity while 
insulin sensitivity was enhanced in rosigli-
tazone-treated patients without improvement 
in dyslipidaemia. Weight loss in the diet 
group led to improvements in both insulin 
sensitivity and dyslipidaemia, but the change 
in the former was less than in rosiglitazone-
treated patients, and improvement in lipid 
metabolism not as great as with fenofibrate. 
In conclusion none of the tested treatments 
appeared to be a therapeutic intervention that 
isolated had the capacity to normalise all or 
at least a majority of metabolic disturbances 
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in these patients at a greatly increased cardio-
vascular risk. Although in a different setting, 
similar findings supporting a comprehensive 
approach and the need of strict guidelines 
adherence originate from an observational 
study performed in heart failure patients 
from six European countries (57). The 1,410 
patients involved were divided in guidelines 
class adherence indicators for angiotensin 
converting enzyme inhibitors, beta-blockers, 
and spironolactone. In the three tertiles of 
the population defined by a decreasing mean 
adherence score value, congestive heart fail-
ure and CVE were, respectively, 6.7, 9.7, and 
14.7% and 11.2, 15.9, and 20.6% other a six 
months follow-up. 

Current clinical practices

The poor prognosis in diabetic patients with 
established CAD is a matter of serious con-
cern. A British population-based analysis per-
formed in 1991-1994 identified 970 diabetic 
individuals in whom the following was re-
vealed: one third of the hypertensive subjects 
did not receive any blood pressure lowering 
medication, more than half of all treated pa-
tients still had poorly controlled blood pres-
sure (> 160/95 mmHg); more than 25% had 
poor glycaemic control with a glycosylated 
haemoglobin A1c (HbA1c) > 7.5%; at least 
one third required lipid lowering drugs but 
only 6% of these persons were offered such 
medication; 27% were obese; and 19% were 
current smokers (58). The prevalence of pa-
tients with type 2 DM achieving good DM 
control as recommended by the European 
Consensus on management of non-insulin-
dependent DM available at the time of the 
study (six different targets including HbA1c, 
blood pressure, lipid profile, body mass in-
dex) showed that among 2,113 patients all 
six required targets were reached only by 
0.8% (59). In the Swedish registry for coro-
nary care units about 20% out of more than 
25,000 patients admitted for AMI had DM. 
These subjects were significantly less often 
treated with thrombolysis (31 versus 41%), 

heparins (37 versus 43%), intravenous beta-
blockers (29 versus 33%), and they were less 
likely to undergo an acute revascularisation 
(4 versus 5%) than patients without DM. 
These differences remained significant after 
multivariable adjustment for potential base-
line differences in risk (60).
In fact, despite considerable improvements in 
the management of patients with CVD, there 
is a major disparity in benefits experienced 
by patients with diabetes compared with their 
non-diabetic counterparts. The analysis of 
CAD mortality in a US population in 1971-
1984 revealed a clear contrast between the 
substantial decline in age-adjusted heart dis-
ease mortality in non-diabetic men (-36.4%) 
and women (-27%) compared with the much 
more modest decline among diabetic men 
(-13.1%) and an actual increase in diabetic 
women (+23%; 17). This is alarming evi-
dence that patients with DM, who are already 
burdened with a poor prognosis, hardly have 
experienced any advantages from recent ther-
apeutic achievements.

Impact of glucose metabolism management 
on cardiovascular prognosis

Routine care of people at high risk for type 2 
DM should always be based on lifestyle mod-
ifications. Structured counselling regarding a 
healthy diet and regular exercise can improve 
glycaemic control and prevent, or at least de-
lay the development of overt DM in patients 
with prediabetes hopefully reducing the risk 
of cardiovascular-linked mortality. However, 
additional therapy is usually required to help 
the diabetic patient achieve glucose targets. 
The ESC guidelines (35) recommend that 
the postprandial plasma glucose should be 
below 7.5 mmol/L, and fasting levels below 
6.0 mmol/L.
Although oral glucose lowering drugs 
(OGLD) are well established as regards the 
reduction of hyperglycaemia none of these 
drugs have been shown to reduce mortality or 
macrovascular disease manifestations in pro-
spective clinical trials. Thus it is difficult to 
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recommend one pharmacological treatment 
before another, at least if the choice should 
be evidence-based and focused on cardiovas-
cular outcome. Presently the most promising 
information on cardiovascular prevention 
has been provided for acarbose. In the STOP-
NIDDM trial (61), recruiting patients with 
IGT, new cases of hypertension were reduced 
by 34% (HR 0.66, 95%CI, 0.49-0.89; p = 
0.006) and the development of CVE by 49% 
(HR 0.51, 95%CI 0.28-0.95; p = 0.03) during 
a three year period. In addition data from this 
and other six long-term trials were assessed in 
the Meta-Analysis of Risk Improvement with 
Acarbose (MeRIA; 62) which reported a 35% 
reduction in the risk of a CVE in type 2 DM 
patients receiving acarbose versus placebo (p 
= 0.0061). Although encouraging, these trials 
were primarily designed to look at prevention 
of the development of DM and not the impact 
on CVE. The findings are therefore based on 
few events and need further confirmation. 
One such trial indeed started recruiting pa-
tients in September 2003 (63). 
Other drug classes have also been suggested 
to prevent CVE in type 2 DM. In a retro-
spectively collected cohort of 5,795 subjects 
looking at the first ever prescription of an oral 
glucose lowering agent the use of metformin 
was related to a lower risk of mortality dur-
ing a follow-up period of 4.6 years (HR 0.8, 
95%CI 0.7-1.1) compared to the prescrip-
tion of a first-generation sulphonylureas (HR 
2.1, 95%CI 1.0-4.7) and glyburide (HR 1.3, 
95%CI 1.2-1.4; 64). Further support for a 
protective effect of metformin has been pro-
vided by the UKPDS 34 study (65). In this 
trial overweight patients with newly diag-
nosed type 2 DM randomised to metformin 
had lower all-cause mortality (p = 0.021) and 
less strokes (p = 0.032) than those receiving 
chlorpropamide, glibenclamide or insulin. 
In a recent report from the DIGAMI 2 trial 
recruiting patients with type 2 DM and AMI 
there was, following adjustments for con-
founders including glycaemic control, no 
significant difference in long-term mortality 
among patients treated with sulphonylureas, 

metformin and insulin. The risk for nonfatal 
myocardial reinfarction and stroke was, how-
ever, increased by insulin while metformin 
was protective and sulphonylureas neutral 
(66). 
Presently the use of the thiazolidinedione 
class of glucose lowering drugs is subject of 
much controversy. Safety data from a pooled 
analysis of controlled clinical trials demon-
strated a small but significant increase in the 
risk of heart attacks, cardiovascular mortality 
and heart failure in patients taking rosigli-
tazone (67,68). Another meta-analysis, in-
cluding only studies with at least 12 months 
of follow-up, presented similar results as 
regards the risk for AMI and heart failure, 
however, not for mortality (69). The Diabe-
tes Reduction Assessment with Ramipril and 
Rosiglitazone Medication (DREAM, 70), 
which enrolled 5,269 patients with predia-
betes and no history of CVD, reported that 
rosiglitazone reduced progression to type 2 
DM over three years (62%, p < 0.0001 versus 
placebo). The incidence of CVE, assessed as 
a secondary endpoint, was not significantly 
different in the rosiglitazone and placebo 
groups, although more patients in the rosigli-
tazone group developed heart failure than in 
the placebo group (p = 0.01). Pioglitazone, 
another thiazolidinedione, was investigated 
in the Prospective Pioglitazone Clinical 
Trial in Macrovascular Events (PROac-
tive) recruiting 5,238 type 2 DM patients 
with macrovascular disease (71). Although 
the difference between the pioglitazone and 
placebo groups was insignificant as regards 
the primary composite endpoint of all-cause 
mortality, CVE and vascular morbidity the 
incidence of all-cause mortality, nonfatal MI 
or stroke, a secondary endpoint, was lower in 
the pioglitazone group (p = 0.027). Based on 
these and other studies, rosiglitazone should 
probably not be used in patients with DM 
until more convincing safety data are avail-
able. Pioglitazone has a favourable effect on 
the development of DM and may have a ben-
eficial effect on the occurrence of cardiovas-
cular endpoints. This compound should still 
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be used with great caution and be considered 
contraindicated for patients with heart failure 
or a history of this condition. Several ongo-
ing clinical trials will give further insight into 
the safety of the thiazolidinediones. Whatev-
er the outcome may be the recent controversy 
has highlighted that treating DM without 
addressing CVD may institute an unfavour-
able balance between the risk and benefit of 
glucose lowering and that different glucose 
lowering drugs can vary in this respect.

Predicting cardiovascular events

The identification of individuals at increased 
risk for CVE is the critical first step towards 
reducing subsequent cardiovascular morbidity 
and mortality. Both high and low risk patients 
will benefit, the former by being identified as 
candidates for a multifactorial management 
strategy and the latter by avoiding complica-
tions and added expenses from unnecessary 
medications and procedures (72). A classical 
assessment of CVD risk should be based on 
the combination of case history, physical ex-
amination (blood pressure, body mass index), 
laboratory testing (lipids, glucose) and sec-
ond level examinations as electrocardiogram 

or stress test. 
Given the role as independent predictor of 
adverse outcomes (73), screening for glucose 
abnormalities is strongly recommended in 
all patients with CAD. The incidence of all-
cause mortality in the Euro Heart Survey one 
year follow-up period was 2.2% in patients 
with CVD, 5.5% in patients with CVD and 
newly diagnosed DM, and 7.7% in patients 
with CVD and known DM (74). In addition, 
the risk of experiencing a MI during the one 
year follow-up was twice as high in patients 
with known DM compared with patients with 
normoglycaemia (5.3 versus 2.5%). 
The combination of glucose perturbations and 
other CVD risk markers further enhances the 
risk for subsequent CVE including mortality, 
new infarctions and stroke. The final risk is 
therefore of multifactorial origin (Figure 3) 
with a number of factors interacting syner-
gistically (75,76) limiting the physicians pos-
sibility, in front of an individual patient, to 
estimate the future probability of CVE. The 
best possible risk prediction is a prerequisite 
for an individualized medical approach. Ap-
propriate statistical models, based on epide-
miological studies, expressed as risk engines 
are promising tools. 

Ethnicity
Age and sex

Smoking

Physical 
inactivity

Hypertension

Hyper-
lipidemia

Metabolic 
syndrome

Family
history

Obesity
DM

Prediabetes

CVD Risk
Continuum

Need for  
prevention of CVD

Figure 3. The cardiovascular disease risk continuum. 
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The European guidelines for cardiovascular 
prevention state that the risk for CVD events 
is high or very high in people with established 
CVD, DM, markedly elevated single risk fac-
tors (total cholesterol above 8 mmol/L, LDL 
cholesterol above 6 mmol/L, systolic blood 
pressure above 180 mm Hg and/or diastolic 
above 110 mm Hg) or pronounced family 
history of CVD at young age. In all other sub-
jects it is recommended that the total cardio-
vascular risk should be estimated with a risk 
score model (77). Several models have been 
proposed and tested. Thus the Framingham 
Heart Disease Risk Calculator (78), the Sys-
tematic Coronary Risk Evaluation (SCORE; 
79) and the Prospective Cardiovascular 
Münster Risk Calculator (PROCAM; 80) are 
examples of risk calculators based on obser-
vations respectively on North American and 
European populations. Moreover the Risk 
Engine According to United Kingdom Pro-
spective Diabetes Study has been developed  
as a dedicated score for CVD risk evaluation 
in patients with DM (81). 

Unresolved issues

Greater awareness of the prevalence of 
abnormal glucose metabolism in patients 
with CVD will help to improve diagnosis and 
treatment and reduce the associated health 
risks. Patient education and careful lifestyle 
counselling should be offered to those with 
newly detected glucose perturbations and the 
targets for secondary prevention adapted to 
the criteria outlined in guidelines issued for 
this patient category (35). 
It is still uncertain whether improved 
glycaemic control will prevent subsequent 
macrovascular complications in people with 
DM. A recent meta-analysis based on eight 
randomised comparisons including 1,800 
patients with type 1 and six studies including 
4,472 patients with type 2 DM suggests that 
this may be the case. The incidence was 0.38 
(95% CI 0.26-0.56) in type 1 and 0.81 (95% 
CI 0.73-0.91) in type 2 DM respectively (82). 

In contrast contradictory results emerged 
from two recent large clinical trials. An in-
creased mortality without a significant re-
duction of major CVE has been reported in 
the Action to Control Cardiovascular Risk in 
Diabetes Study Group (ACCORD) trial (83). 
In this study 10,251 patients with a median 
HbA1c level of 8.1% were assigned to re-
ceive intensive therapy (targeting a HbA1c 
level below 6.0%) or standard therapy (tar-
geting a level from 7.0 to 7.9%). During the 
one year follow-up, the primary outcome of 
nonfatal AMI, nonfatal stroke, or death from 
cardiovascular causes occurred in 352 pa-
tients in the intensive-therapy group, as com-
pared with 371 in the standard-therapy group 
(hazard ratio, HR 0.90; p = 0.16). At the same 
time, 257 patients in the intensive-therapy 
group died compared with 203 patients in the 
standard therapy group (HR 1.22; p = 0.04). 
Contrarily the ADVANCE trial (84) ran-
domly assigned 11,140 patients with type 2 
DM to undergo either standard glucose con-
trol or intensive glucose control, defined as 
the use of gliclazide (modified release) plus 
other drugs as required to achieve a HbA1c 
value of 6.5% or less. End points were com-
posites of major macrovascular (death from 
cardiovascular causes, nonfatal AMI, or non-
fatal stroke) and microvascular events (new 
or worsening nephropathy or retinopathy). 
Intensive control reduced the incidence of 
combined major macrovascular and micro-
vascular events (18.1%, versus 20.0% with 
standard control; HR 0.90; p = 0.01), as well 
as that of major microvascular events (9.4% 
versus 10.9%; HR 0.86; p = 0.01), primarily 
because of a reduction in the incidence of ne-
phropathy. 

Although further studies on the importance of 
glucose control are under way and represent 
important research to clarify future manage-
ment routines treatment of patients with DM 
should not be focused on isolated components 
but be as comprehensive as possible. It has to 
be based on the combination of established 
regimes on all modifiable risk factors. 
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Finally, future studies should assess if a close 
collaboration between cardiologists and rep-
resentatives from other specialists, in particu-
lar diabetologists, are needed to accomplish 
this goal and which type of care organization 
is the most effective in implementing a more 
comprehensive approach. The recently pub-
lished EURASPIRE study underlines the im-
portance of nurse led multidisciplinary man-
agement teams for successful cardiovascular 
prevention (85).
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AIMS

1. To investigate the diagnostic and therapeutic strategies applied to patients currently treated 
for coronary artery disease in relation to the presence of diabetes mellitus 

2. To assess clinical practice in relation to existing guidelines and identify opportunities to 
improve patient management

3. To compare the impact of evidence-based medications and revascularisation procedures on 
mortality and major cardiovascular events in patients with coronary artery disease with and 
without diabetes mellitus

4. To study the prognostic impact of presently practiced glucose lowering therapies in patients 
with coronary artery disease and known or newly detected diabetes mellitus 

5. To identify coronary artery disease patients at a high risk of future cardiovascular events 
at an early stage by incorporating easily available clinical variables in statistical learning 
models
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MATERIAL AND METHODS

This thesis is based on the Euro Heart Survey 
on Diabetes and the Heart, a multi-centre pro-
spective observational study, involving 110 
centres in 25 ESC member countries (43). 
Patient enrolment was performed February 
2003 to January 2004 with starting times 
varying between countries. During two-six 
weeks each centre screened consecutive pa-
tients at an age above 18 years for a diagnosis 
of CAD when admitted to the hospital wards 
or visiting the outpatient clinics. On the ba-
sis of the presentation at admission patients 
were allocated to one of two cohorts: acute or 
stable CAD (Figure 4). All patients were as-
sessed, investigated and treated at the discre-
tion of their physicians in charge according 
to the institutional practice. A total of 5,377 
case record forms (CRF) were completed out 

of which 416 were excluded due to proto-
col violations. The final database comprised 
4,961 patients with previously known (72%) 
or newly (28%) diagnosed CAD.

Data were collected by means of a web based 
electronic CRF (www.euroheartsurvey.com). 
The CRF included demography, conventional 
risk factors for CVD and DM, family histo-
ry of premature CAD (first degree relatives 
before the age of 55 in men and 65 years in 
women), family history of DM, medical his-
tory, performed or scheduled investigations, 
treatment and results of tests requested by the 
protocol. The specific reason for hospital ad-
mission was recorded together with pertinent 
information on the clinical status and the final 
diagnosis. The following variables were ob-

All CRFs collected

Protocol violations

Site of enrolment

Clinical condition

CAD not confirmed n=75

Selected for diabetes n=341

5377

Final patient group
4961

Hospital admission
3244 (65%)

Outpatient visit
1717 (35%)

Acute
2107

Scheduled
1137

Elective
2854 (57.5%)

Acute
2107 (42.5%)

Figure 4. Euro Heart Survey on Diabetes and the Heart flow chart. From reference 43 by permission.



          Diabetes and coronary artery disease - risk and management

23

tained: weight, height, waist and hip circum-
ferences, blood pressure, plasma glucose on 
enrolment (recorded as random or fasting), 
serum creatinine, blood lipids (total-, LDL- 
and HDL-cholesterol, triglycerides), HbA1c, 
urine sample for albumin:creatinine ratio, 
outcome of echocardiography and coronary 
angiography if performed. Treatment was re-
corded as used prior to, and recommended af-
ter, the consultation and included diagnostic 
and revascularisation procedures (percutane-
ous coronary interventions, PCI or coronary 
artery bypass graft, CABG). The patients 
were followed for one year with respect to 
treatment, survival, CVE and procedures.

Definitions

Character of admission

Acute admissions were defined as not pre-
scheduled hospital admissions due to, or 
part of, acute coronary syndromes (ACS), 
aggravated symptoms of heart failure or ar-
rhythmias due to CAD. Elective consulta-
tions were all visits in an outpatient clinic and 
scheduled hospital admissions for diagnostic 
procedures, treatment adjustments or elective 
interventions related to CAD.

Cardiovascular diagnoses

CAD was defined on clinical grounds sup-
ported by at least one objective finding includ-
ing ischaemic changes or previous AMI in the 
electrocardiogram (ECG), abnormal stress 
tests (ECG, scintigraphy or echocardiogra-
phy) indicating AMI or a coronary angiogram 
revealing stenosis > 50% of the lumen diam-
eter in any major coronary artery. 
More specifically AMI and ACS were defined 
according to the Joint European and North 
American consensus guidelines (86). AMI in-
cluded those patients presenting with markers 
of myocardial ischemia exceeding the upper 
reference limit at two occasions (Troponin T > 
0.05 g/L or CK-MB > 10 µg/L) in the presence 
of typical symptoms (chest pain > 15 minutes; 

pulmonary oedema in the absence of valvular 
heart disease, cardiogenic shock, ventricular 
tachycardia or ventricular fibrillation) or new 
Q-waves in at least two of the twelve standard 
ECG leads or ECG indicating acute ischemia 
(ST segment elevation, depression or T-wave 
inversion). ACS included patients presenting 
with ST-segment elevation myocardial infarc-
tion (STEMI), non-ST-elevation myocardial 
infarction (NSTEMI) or unstable angina pec-
toris. 
Heart failure was diagnosed according to the 
criteria established in the ESC Guidelines for 
heart failure (87) based on clinical evidence 
with symptoms (at rest or during exercise) in 
combination with objective evidence of cardi-
ac dysfunction and in case of doubts support-
ed by response to treatment directed towards 
heart failure. Grading of heart failure was per-
formed according to criteria established by the 
New York Heart Association (88).

Glucose tolerance parameters

The presence of DM was recognized if the 
diagnosis was established prior to enrolment 
according to the World Health Organization 
(WHO) classification (89), reported in medical 
records, declared directly by the patient or re-
vealed by the use of glucose-lowering drugs. 
To assess the status of glucose metabolism, 
investigators were asked to provide a meas-
urement of FPG in all patients on enrolment 
or in the morning of the day following hospi-
tal admission. For acutely admitted patients a 
repeated measurement FPG was to be taken in 
stable conditions prior to hospital discharge. 
The protocol recommended that all patients 
without previously diagnosed DM should 
undergo a standard OGTT (75 g anhydrous 
glucose in 250–300 ml water) as soon as they 
were in stable condition prior to hospital dis-
charge, or within less than two months fol-
lowing the index consultation.

Geographic regions

The 25 participating countries were divided 
into four regions: West (Germany, Switzer-
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land, Austria, France, and The Netherlands), 
Central (Bosnia and Herzegovina, Bulgaria, 
Belarus, Czech Republic, Estonia, Georgia, 
Hungary, Lithuania, Macedonia, Poland, 
Romania, Slovenia, Ukraine, and Serbia and 
Montenegro), Mediterranean (Spain, Portu-
gal, Italy, Cyprus, Greece, and Egypt), and 
North (Finland, Sweden, and UK).

Measurements

Glucose concentrations, measured according 
to local routines, were converted to venous 
plasma glucose by the conversion factors 
proposed by the European Diabetes 
Epidemiology Group (90) and expressed in 
mmol/L.
HbA1c was analysed by high-performance 
liquid chromatography in a core laboratory 
(Department of Clinical Chemistry, Karo-
linska University Hospital, Solna, Sweden) 
with a normal limit < 5.2%. The results ob-
tained with this method can be compared and 
recalculated to the International Federation 
of Clinical Chemistry (IFCC) and Diabetes 
Control and complications Trial (DCCT) 
standard, using the respective converting for-
mulas (91).
Blood lipids included total, high-density li-
poprotein (HDL), low density lipoprotein 
(LDL) cholesterol and triglycerides. These 
variables were analysed locally from fasting 
blood samples at the time of enrolment. 
Blood pressure was measured, following 5 
min of sitting rest, to the nearest two mmHg; 
recommendations were to take two measure-
ments and register an average.

Study protocols

Study I

The objective of Study I was to assess clini-
cal practice in relation to existing guidelines 
and to identify opportunities to improve pa-
tient management with special attention to 
the presence or absence of DM. The study 

focuses on the management strategies in pa-
tients admitted with ACS and secondary pre-
vention of confirmed CAD. 

Of the 4,961 patients with CAD 2,107 (42%) 
belonged to the acute and 2,854 (58%) to the 
stable cohort respectively. The prevalence of 
prior DM was 31% in the acute and 30% in 
the stable subgroup. In the acute cohort 1,872 
(89%) patients got a preliminary diagnosis of 
ACS already at admission. Of 235 (11%) pa-
tients, that did not have ACS as their prelimi-
nary diagnosis 151 (64%) were discharged 
with this diagnosis, but to clearly define the 
management of acute CAD these 235 pa-
tients, 118 (50%) with DM, were excluded 
(Figure 5).

The use of diagnostic procedures, interven-
tions and pharmacological treatment was ana-
lysed with respect to the clinical status within 
the ACS subgroup with ST segment elevation 
myocardial infarction (STEMI; n = 749). Pa-
tients were allocated to the STEMI subgroup 
if presenting with a ST segment elevation in 
more than two adjacent electrocardiographic 
leads (≥0.2 mV in leads V1-V3 or ≥0.1mV in 
other leads) at admission.
Drug treatment was recorded as used prior 
to enrolment and as recommended after the 
index consultation. In case of hospitalised 
patients the intensive treatment with intra-
venously (i.v.) administered drugs was also 
reported. Diagnostic and revascularisation 
procedures (PCI or CABG) were reported as 
performed during consultation or scheduled 
in the nearest few months. 
The lipid and blood pressure targets for sec-
ondary preventive measures in the stable co-
hort of patients refer to those recommended 
in the ESC guidelines available at the time of 
patient recruitment (47). The lack of clear rec-
ommendations for patients with stable CAD 
and DM in the ESC 1998 guidelines regarding 
the targets for fasting blood glucose (a range 
of values is indicated only for DM type 1) and 
HbA1c levels (recommended between 6.2-
7.5%) is the reason for referring to the Ameri-
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can Diabetes Association (ADA) recommen-
dations from 2002 (92). The clinical targets 
referred to are presented in Table 3.

Study II

The objective of study II was to describe the 
use of evidence-based medications and revas-
cularisation procedures in patients with known 
CAD, especially focusing on the impact on 
mortality and major CVE of their implementa-
tion in patients with and without DM.

Of the 4,961 patients originally enrolled in 
study I 4,676 (94%) were followed for one 
year (median 374 days) with respect to treat-
ment, survival, and CVE. Apart from a some-
what higher proportion of males (78 versus 
70%) clinical characteristics of patients lost 

Figure 5. Patient flow chart in Study I. 

All CRFs collected

Protocol violations

Site of enrolment

Clinical condition

CAD not confirmed n=75

Selected for diabetes n=341

5 377

Hospital admission
3 244

Outpatient visit
1 717

Acute
2 107

Scheduled
1 137

Elective consultation
2 854

Acute admission
2 107

Final patient group 4 961  

Diabetes
860 (30%)

No Diabetes
1 994 (70%)

Acute coronary syndrome
1 872 (89%)

Diabetes
547 (29%)

No Diabetes
1 325 (71%)

Reason for consultation
miscellaneous n=235 (11%)

Final diagnosis
 ACS 151 (64%)
 Stable angina 84 (36%)

Final acute 
cohort

Table 3. Clinical targets for lipid, blood pressure 
and glucose control according to guidelines avail-
able when the recruitment period of the survey 
started. Adapted from references 47 and 92 by 
permission.

Target recommended for mmol/L mg/dl

Total cholesterol   <5.0   190

LDL cholesterol   <3.0   115

HDL cholesterol   >1.0   40

Fasting plasma glucose    <7.2 <130

HbA1c (%)           <7.0*

Blood pressure (mmHg)        <140/90

*DCCT-standard which corresponds to 6.1% with 
the method used in the survey.
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to follow-up (n = 285) did not importantly 
differ from the total population. 
A total of 736 patients, without known glu-
cose abnormalities and without a reported 
FPG or an OGTT, were excluded from fur-
ther analyses since they could not be classi-
fied as regards their glucose regulation. Glu-
cose tolerance assessments were available 
for 3,940 patients of whom 947 (24%) were 
diagnosed as normal and 1,116 (28%), with 
impaired fasting glucose and/or impaired 
glucose tolerance, as impaired glucose regu-
lation (IGR). Finally 452 (11%) had newly 
detected DM and 1,425 (36%) previously 
known DM. 
Since baseline characteristics and the one 
year CVE pattern were similar in patients 
with normal glucose tolerance and IGR 
these patients were pooled to constitute a 
non DM group. Evidence on the best man-
agement strategy for patients with newly de-
tected DM was lacking at the time for Study 
II. As reported from the present survey (74) 

these patients were at intermediate risk for 
one year CVE compared to patients with or 
without DM. Given these presumptions the 
452 patients with newly detected DM were 
excluded from further analysis to avoid 
contaminating either group. Thus, the final 
study population comprised 3,488 patients, 
2,063 (59%) without and 1,425 (41%) with 
DM (Figure 6).

Patients who received a poly-pharmacologi-
cal treatment including renin-angiotensin-
aldosteron system (RAAs) inhibitors, beta 
blockers, statins, and oral antiplatelet thera-
py (aspirin, ticlopidine or clopidogrel, alone 
or in combination) were defined as belong-
ing to the evidence-based medication (EBM) 
group. Patients with contraindications to the 
use of one or more of the listed drugs, based 
on the responsible physicians judgment as 
reported in the CRF, were excluded; thus 
patients not receiving EBM are those left 
untreated despite the absence of any con-
traindications. In order to avoid considering 
patients that withdraw treatment during the 
year of follow-up treatment allocation was 
based on the records at the time of follow-
up. The revascularisation group included 
patients who were subjected to intravenous 
thrombolysis, PCI or CABG during the in-
dex hospitalisation (Figure 7). 

Study III 

The objective of Study III was to describe 
presently practiced glucose lowering thera-
pies in patients with CAD and known or 
newly detected DM and to evaluate the 
prognostic impact of such prescriptions on 
subsequent CVE.
  
The glucose lowering therapy that was the 
basis for group allocation in Study III (in-
sulin, OGLD, a combination or none) was 
defined as that recorded at follow-up. The 
study protocol asked for an OGTT in pa-
tients with unknown glucose control state. 
Such test was performed in 1,819 and FPG 
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Figure 6. Patient flow chart in Study II.
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was available in another 696 patients re-
spectively. The 736 patients with unknown 
glucose metabolism (see above, Study II) 
were excluded from further analyses (Figure 
8). The glucose control classification, per-
formed at the index hospitalisation (normal 
glucose regulation, NGR; IGR, IFG and/or 
IGT, and newly detected DM) was based 
on OGTT or FPG according to definitions 
given by the WHO (89).

Study IV

The objective of Study IV was to compare 
risk stratification methods to estimate future 
risk of CVE in CAD patients. The study fo-
cused on the performance of an Artificial 
Neural Network (ANN) model based on 
easily available clinical variables to detect, 
at an early stage, CAD patients at a high risk 
of subsequent CVE. 

The same study population as in Studies II 
and III underwent risk stratification by dif-
ferent statistical models, including an ANN 
model. To determine reproducibility the latter 
model was applied on the Glucose In Myo-
cardial Infarction (GAMI) study population 

(42). Baseline characteristics of the 172 pa-
tients included in this study and who were 
followed regarding cardiovascular mortal-
ity, AMI and stroke for a median time of 2.8 
(2.3-3.3) years are shown in Table 4.

Statistical methods

Continuous variables are expressed as me-
dians with lower and upper quartiles and 
categorical variables as percentages of the 
respective strata. Continuous variables were 
compared between strata by means of rank 
sum tests: the Wilcoxon Mann–Whitney test 
or, when more than two strata, the Kruskal-
Wallis test. Categorical variables were com-
pared between patient strata by means of the 
maximum-likelihood chi square test (Study I) 
or by the Fisher exact test (Studies II-III).

Kaplan–Meier curves were computed for all-
cause mortality and the composite endpoint 
of CVE (including all-cause mortality, AMI, 
and stroke). The log-rank test was used to 
test for differences between strata in the 
unadjusted survival curves.

Figure 7. Therapeutic groups in Study II. EBM: 
patients who received a poly-pharmacological 
treatment including renin-angiotensin-aldosteron 
system inhibitors, beta blockers, statins, and oral 
antiplatelet therapy; RV: patients subjected to in-
travenous thrombolysis, percutaneous coronary 
intervention or coronary artery bypass grafting.
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Figure 8. Patient flow chart in Study III.
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In Study I, in order to control for confounding 
variables that may have influenced the choice 
of medication, diagnostic procedures or in-
terventions (performed or planned), multiple 
logistic regression analyses were used, based 
on clinically relevant differences in the base-
line characteristics between patients with and 
without DM. Contraindication to the use of 
specific medication had a similar distribution 
in relation to DM status, and was regarded as 
missing data in the multiple logistic regres-
sion analysis. 
A multiple Cox proportional hazard regres-
sion was used in Study II to detect a possi-
ble association between EBM or revascu-
larisation and one year events. The models 
contained the interaction term between the 
DM status and treatment received (EBM or 
revascularisation) in order to test the depend-
ence of the DM status on the treatment effect 
and was adjusted for all confounders detected 
from the clinical patient characteristics (age, 
gender, current smoking, hypertension, dys-
lipidaemia, cerebrovascular disease, periph-
eral artery disease, history of heart disease and 

interventions for this, diagnosis at discharge; 
revascularisation interventions for the EBM 
model, and medications at follow-up for the 
revascularisation model). The unadjusted 
number needed to treat to avoid a CVE dur-
ing the year of follow-up was also calculated 
for EBM or revascularisation both in patients 
with DM and with NGR.
In Study III a multiple Cox proportional hazard 
model was used to analyze the relation of the 
glucose tolerance state and glucose lowering 
therapeutic modalities to one year outcome. In 
order to control for prognostically confound-
ing variables, the models were adjusted for 
age, sex, and baseline characteristics, index 
diagnosis, interventions, and medications at 
follow-up. The final model testing the one 
year impact of receiving insulin or an OGLD 
in patients with known DM was adjusted for 
age, sex, previous history of CAD, previous 
heart failure, smoking (ever/never), FPG at 
baseline, and use at follow-up of evidence-
based treatments. The final model testing the 
one year impact of receiving or not a glucose 
lowering treatment in patients with newly de-

GAMI population
Variable Low risk

(n = 125)
High risk

(n = 47)
Age (years) 62 (55-68) 71 (63-75)
Male (%) 70 64
BMI (kg/m2) 26.1 (23.2-29.1) 26.9 (23.7-29.6)
Blood pressure (mmHg)

Systolic 150 (130-173) 150 (130-167)
Diastolic 90 (80-101)        90 (71-100)

HbA1c (%) 4.9 (4.6-5.2) 5.1 (4.5-5.7)
FPG (mmol/L) 6.1 (5.7-6.5) 7.6 (7.1-7.9)
HDL-cholesterol (mmol/L)

Males 1.09 (0.97-1.26) 1.08 (0.94-1.23)
Females                                       1.28 (1.05-1.41) 1.32(1.07-1.65)

Triglycerides 2.19 (1.59-3.00) 2.00 (1.50-3.10)

Table 4. Basic characteristics by neural network risk stratification (low and high risk) for patients in the 
GAMI study with complete data for the input variables (n = 172). Data expressed as median (lower, upper 
quartiles) if not otherwise stated.   
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tected DM was adjusted for age, sex, previous 
history of CAD, previous heart failure and use 
at follow-up of evidence-based treatments.
In Study IV a multiple Cox hazard regres-
sion model was used to analyze the relation 
between risk criteria based on the glucose 
regulation classification and one year out-
come, alone and after adjusting for confound-
ing variables. These variables were selected 
among age, sex, clinical status, previous 
medical history (myocardial infarction, heart 
failure, peripherial artery disease, CABG or 
PCI), hypertension, dyslipidaemia, baseline 
characteristics (triglycerides, diastolic and 
systolic blood pressure, waist circumference), 
smoking habits, interventions (CABG or PCI) 
and medications (beta blockers, RAAs block-
ers, oral anti-aggregants and statins) during 
follow-up. 
All models were found by combining step-
wise forward and backward analyses to avoid 
multicollinearity problems and the best subset 
models were run applying odds ratio likeli-
hood scores. The assumption of proportional 
hazards was assessed by visual inspection of 
the log–log survival curves for the categori-
cal variables. The continuous variables were 
classified and visual inspection was applied 
to verify the linearity assumption.

All statistical analyses were performed using 
STATISTICA (StatSoft Inc, Tulsa, Oklahoma, 
USA, version 7.1).

In Study IV patients undergoing OGTT and 
presenting complete data concerning candi-
date variables to be included in the models 
were classified by means of ordinal logistic 
regression (Minitab® release 13.32) and a 
single hidden layer feed-forward ANN (Mat-
lab® release 14.0). Weighted kappa (κ; 93), 
the chance corrected proportional agreement, 
was used to measure the degree of coher-
ence between glucose tolerance classification 
based on the OGTT (‘gold standard’) and the 
other algorithms. 

Ethical considerations

The Euro Heart Survey on Diabetes and the 
Heart protocol complied with the Declaration 
of Helsinki and was approved by the Ethics 
Committee of the Karolinska Institutet. The 
National Survey coordinators took the re-
sponsibility for assuring compliance with 
the ethical requirements in each country. The 
patients were enrolled following oral and/or 
written informed consent according to local 
rules. They were made aware of the follow-
up after one year.
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RESULTS 

Study I - Management of coronary 
artery disease

Acute coronary syndrome 

Patients with DM, who were admitted due to 
ACS (n = 1,872), were older and had a higher 
prevalence of previously established CVD, 
hypertension, dyslipidaemia and prior coro-
nary interventions (PCI or CABG) than pa-
tients free from DM. Diabetic patients were 
more often treated with aspirin, RAAs an-
tagonists, statins and a combination of three 
blood pressure lowering agents. Drug therapy 
more frequently remained unchanged from 
that at hospital admission in patients with 
than in those without DM (7 versus 11%; p 
< 0.01). At hospital discharge prescriptions 
of aspirin, beta-blockers and statins were less 
frequent among them than among their non 
DM counterparts (Figure 9). 
In the multiple logistic regression analysis 

correcting for potential confounders (age, 
gender, previously known CAD, heart failure, 
hypertension, cerebrovascular disease, pe-
ripheral artery disease and DM; in addition, 
when analyzing the use of statins, the model 
was supplemented with total, HDL, and LDL 
cholesterol and, when considering PCI and 
CABG, with previous PCI or CABG) DM had 
a smaller impact on the choice of treatment 
and use of interventions than other baseline 
characteristics (Figure 10). The diabetic state 
itself influenced only the recommendation at 
discharge for RAAs antagonists (odds ratio 
1.33, 95%CI 1.03-1.71; p = 0.03). 

The Euro Heart Survey presented the excep-
tional possibility to record prescribed daily 
dosages of the most commonly used drugs 
(Table 5). No difference emerged in patients 
with and without DM for beta-blockers, 
RAAS antagonists, calcium antagonists and 

Aspirin

Beta blockade

ACE-i or ARB

Ca antagonist

Diuretics

Statins

Fibrates

Clopid or Ticlop

Heparin sc

Oral anticoagulant

Aspirin
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Ca antagonist

Diuretics
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Fibrates
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Admission Discharge
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Figure 9. Treatment in relation to diabetic state at admission and as recommended at hospital discharge 
in the acute coronary syndrome cohort (data presented as percentages).
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statins. The dosages of drugs used at admis-
sion were not increased following the exacer-
bation causing an acute admission in any of 
the patient categories, with and without DM. 

Stable coronary artery disease

In patients (n = 2,854) with stable CAD 1,894 
(66%) were on statin treatment at admission. 
Of these patients 55% of those with and 47% 
of those without DM had total cholesterol and 
57 and 51% LDL cholesterol levels above 
recommended targets. Regardless of the di-
abetic state more than one third (35%) had 
HDL cholesterol below target (Figure 11).

In patients on treatment blood lipids were 
higher among those with DM: total choles-
terol 4.9 (4.2-5.9) versus 5.2 (4.3-6.2; p < 
0.01) mmol/L and LDL cholesterol 3.1 (2.4-
3.9) versus 3.3 (2.5-4.4; p < 0.01) mmol/L. 
In the corresponding cohort of patients with 
stable CAD 2,127 (75%) were on blood 
pressure lowering agents at admission. Ap-
proximately 30% of the patients had a blood 
pressure above the guideline recommended 
target regardless of the combination of blood 
pressure lowering drugs and diabetic state 

(patients with and without DM treated with 
beta blockers 29 and 27%; RAAS antagonists 
33 and 28%; both these classes 31 and 29%; 
both previous classes and diuretics 33 and 
36% respectively). 

Concerning glucose lowering treatment in the 
diabetic patients and stable CAD about half 
of those prescribed insulin (n = 262; 30%) or 
oral glucose lowering agents (n = 492; 57%) 
had a FPG above the recommended treatment 
target. The HbA1c value was high especially 
among patients on insulin (Figure 12). 

Study II - Implementation of available 
tools

Among the 1,425 patients with and the 2,063 
without DM at least one of the drugs listed 
as part of EBM was contraindicated in 142 
(10%) and 161 (8%) respectively. The use 
of EBM in the remaining 3,185 patients was 
similar among patients with and without DM 
(44 versus 43% respectively, p = 0.386). 
Revascularisation procedures were less com-
mon (33 versus 40%, p < 0.001) in the DM 
group. 

Figure 10. Odds ratios and likelihood scores for the impact of diabetes mellitus on the use of medication 
or interventions in the acute coronary syndrome group corrected for clinical confounders. An odds ratio 
> 1.0 indicates that the medication or intervention is more common in diabetic patients.
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DM patients prescribed EBM were younger 
(67, 58-74 versus 69, 61-75; p < 0.001), less 
often smokers (p = 0.049), more frequently 
hypertensive (p = 0.005). They had undergone 
more PCI interventions (p = 0.002) and were 
more commonly discharged with the diagno-
sis Q-wave myocardial infarction (p = 0.001) 
compared to DM patients not given EBM. Dur-
ing the index hospitalisation DM patients in the 
EBM group were more frequently revascular-
ised with PCI (p < 0.001) or CABG (p = 0.021) 

than those not prescribed EBM. 
DM patients in the revascularised group 
were younger (67, 59-74 versus 69, 61-75; 
p < 0.001), more often males (p = 0.019), 
and free from previous CVD (p = 0.018) 
than those not offered any revascularisation. 
Moreover they did less often have a history 
of cerebrovascular (p < 0.001) and periph-
eral artery disease (p < 0.001), and they were 
more often prescribed statin medication at 
follow-up (p < 0.001). 

Proportion (%)
before – after
consultation

Daily dosage

at admission                                       at discharge

DM(-) DM(+) DM(-) DM(+) DM(-) DM(+)
Betablockade
  Metoprolol 17 - 41 17 - 29 50 (50-100) 75 (50-100) 75 (50-100) 100 (50-100)
  Atenolol 8 - 12 6 - 16 50 (50-50) 50 (50-100) 50 (50-100) 50 (50-100)
  Bisoprolol 5 - 10 7 - 13 5 (5-5) 5 (5-5) 5 (2.5-5) 5 (3.75-5)
  Carvedilol 4 - 11 7 - 10 16 (12.5-25) 12.5 (12-25) 12.5 (12.5-25) 12.5 (12.5-25)
ACE-i
  Enalapril 13 - 15 19 - 0 20 (10-20) 20 (10-20) 10 (10-20) 20 (10-20)
  Ramipril 5 - 18 10 - 19 5 (2.5-5) 5 (2.5-7.5) 5 (2.5-5) 5 (2.5-5)
  Captopril 4 - 4 7 - 6 50 (37.5-75) 75 (37.5-75) 50 (25-75) 75 (37.5-75)
  Lisinopril 3 - 7 4 - 8 10 (5-20) 20 (10-20) 10 (5-10) 10 (5-20)
ARBs
  Losartan 2 - 2 2 - 3 50 (50-50) 50 (50-50) 50 (25-50) 50 (50-50)
  Candesartan 1 2 16 (8-16) 16 (8-16)
  Valsartan 1 - 1 1 - 2 80 (80-160) 80 (80-120) 160 (80-160) 160 (80-160)
Ca antagonist
  Amlodipine 8 - 9 14 - 11 5 (5-10) 5 (5-10) 5 (5-10) 5 (5-10)
  Diltiazem 5 - 4 6 - 5 180 (120-200) 180 (120-240) 180 (180-200) 180 (180-220)
  Nifedipine 3 - 1 3 - 1 30 (20-40) 35 (30-60) 35 (30-60) 30 (30-30)
Statin
  Simvastatin 14 - 37 20 - 37 20 (20-20) 20 (20-40) 20 (20-40) 20 (20-40)
  Atorvastatin 8 - 18 11 - 18 20 (10-20) 20 (10-20) 20 (10-20) 20 (10-20)
  Pravastatin 5 - 15 5 - 10 40 (20-40) 30 (15-40) 40 (20-40) 40 (20-40)

Table 5. The use of drugs and their daily dosages at admission and at hospital discharge for the acute 
coronary syndrome cohort in relation to diabetes mellitus (data presented in percentages, dosages in 
median and quartiles of milligrams/day).

ACE-i, angiotensin converting enzyme inhibitors; ARBs, angiotensin receptor blockers
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FPG levels at enrolment did not differ signifi-
cantly comparing DM patients receiving EBM 
or not while revascularised DM patients had 
higher glucose levels than those not revascu-
larised (8.9 mmol/L, 6.8-12.0 versus 7.4, 6.4-
9.8, p < 0.001).

DM patients on EBM had a significantly low-
er all-cause mortality (3.5% versus 7.7%, p = 
0.001) and also fewer combined CVE (11.6% 
versus 14.7%, p = 0.050) compared to those 
not receiving such treatment. Likewise revas-
cularised DM patients had significantly fewer 
of the investigated endpoints (all-cause mor-
tality 5.7% versus 8.6%, p = 0.042 and com-
bined CVE 9.9% versus 16.9%, p < 0.001) 
compared to those not revascularised. 
Kaplan-Meier curves for all-cause mortality 
(Figure 13) and the combined CVE (Figure 
14) stratified by the presence of DM and the 
use of EBM and revascularisations show the 
difference in outcome for patients prescribed 
compared to those not given these treatments. 

Following adjustment for potential mislead-
ing confounders, the proportional HR for the 
interaction between DM status and treatment 
received (Figure 15) proved that the impact of 

EBM and of revascularisation in patients with 
DM had an independent, protective effect (e.g. 
for death HR 0.37 and 0.72 respectively) com-
pared to the effects of these approaches on the 
non DM patients.

The number of patients needed to treat with 
EBM to avoid one death was 24 in the DM 
group compared to 1,826 in patients with NGR 
and the corresponding numbers to avoid one 
combined CVE 32 and 141 in the two groups 
respectively. Regarding revascularisation the 
number needed to treat to avoid one death and 
one combined CVE were 34 versus 105 and 
14 versus 41 in patients with DM and NGR 
respectively (Table 6). 

Study III - Glucose lowering treatment 

Known diabetes
In patients with known DM (n = 1,424) the 
patterns of glucose lowering therapy changed 
from hospital admission to discharge, with a 
somewhat increasing use of insulin and less 
OGLD. The treatment pattern returned to-
wards that at enrolment by the end of follow-
up (Figure 16). 

Diabetes
Yes

No

60

40

20

0

%
55

47

57
51

35 35

Tot chol >5.0 LDL >3.0 HDL <1.0

Figure 11. Proportion of patients with stable coro-
nary artery disease on statin treatment (n = 1,894) 
who do not meet recommended lipid targets (see 
Table 3).
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Figure 12. Proportion of diabetic patients with 
stable coronary artery disease treated with insu-
lin (n = 262) or oral glucose lowering agents (n = 
492) who do not meet recommended targets (see 
Table 3) for fasting plasma glucose and glyco-
sylated haemoglobin A1c.
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Patients with known DM were divided into 
four groups in relation to glucose lowering 
treatment at follow-up: 378 (28%) were treat-
ed with insulin only, 675 (54%) with OGLD 
only, 76 (6%) with combination of both while 
152 (12%) did not receive any pharmaco-
logical glucose lowering treatment. Data on 
treatment was missing in 144 (10%) patients. 
Patients on insulin were more often of female 
sex, had a more frequent history of CVD, DM 
complications (p-values < 0.001) and PCI (p 
= 0.012) compared to patients on OGLD. 

All-cause mortality

All-cause mortality or
myocardial infarction

Combined CVE

0.5 1 1.5

HR 95%CI p
0.37 0.20-0.67 0.001

0.72 0.39-1.32 0.275

0.46 0.29-0.74 0.001

0.55 0.34-0.90 0.015 

0.61 0.40-0.91 0.015

0.61 0.39-0.95 0.025

Figure 15. Adjusted hazard ratios for the interaction between diabetic status and prescribed treatment 
(black = evidence-based medications; dotted = revascularisation). 

Table 6. Number of patients needed to treat with 
evidence-based medications or revascularisations 
to avoid one death or a combined cardiovascular 
event after one year of follow-up.

Number of patients needed to 
treat to avoid one...

Death CVE

EBM DM 24 32

Non DM 1826 141

Revascularisation DM 34 14

Non DM 105 41
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Figure 16. Patterns of glucose lowering therapy (shown as %) at enrolment and at follow-up in patients 
with known diabetes. (     = insulin only;        = oral agents only;       = insulin and oral;       = no phar-
macological therapy)
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Both at enrolment (8.7 mmol/L; measured in 
1,009 patients) and at follow-up (7.4 mmol/
L; self reported by 738 patients) FPG levels 
were less well controlled in patients on insu-
lin compared to those on OGLD respectively. 
Glycaemic control did, however, improve sig-
nificantly from enrolment to follow-up both in 
patients on insulin (from 8.7 to 7.5 mmol/L; p 
= 0.001) than in those on OGLD (from 7.4 to 
6.9 mmol/L; p < 0.001). 
Kaplan-Meier curves comparing patients on 
insulin with those on OGLD revealed a high-
er mortality (Figure 17) and more combined 
CVE among those on insulin. 

Following adjustment for baseline confound-
ers, index diagnosis, coronary interventions, 
therapy at follow-up and FPG levels at enrol-
ment a proportional hazard (Cox) regression 
model confirmed a higher ratio for all-cause 
mortality (HR 2.23, 95%CI 1.24-4.03; p = 
0.006) in the insulin compared to the OGLD 
group. Insulin treated patients had a non-signif-
icant trend towards a higher rate of combined 

CVE (HR 1.27, 95%CI 0.85-1.87; p = 0.230).  
When analysing details as regards the insulin 
and/or OGLD treatments (Table 7) patients on 
a combination of basal and short acting insu-
lin (43%) had a more dismal CVE rate com-
pared to those on basal (33%) or short- acting 
(12%) insulin only (p = 0.012). Patients on 
metformin (16%) had lower all-cause mor-
tality, AMI, combined CVE and revasculari-
sation rates than patients on sulphonylureas 
(41%) or a combination of both (27%), but 
these differences did not reach statistical sig-
nificance.

Newly detected diabetes 

Of the 3,940 patients with known glucose 
abnormalities 452 (11%) had newly detected 
DM. These patients did less often present 
with a previous history of CVD but more fre-
quently with a diagnosis of AMI compared 
to patients in other glucose tolerance states. 
At follow-up 77 (17%) of these patients had 
been prescribed pharmacological glucose 
lowering treatment whereof the vast major-
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Figure 17. Survival curves, according to Kaplan-Meier, comparing patients treated with insulin (open 
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ity (n = 72; 94%) OGLD and only a few were 
given insulin or a combination of OGLD and 
insulin (n = 5; 6%). The remaining 375 (83%) 
patients did not receive any glucose lowering 
drugs. FPG levels at enrolment were less well 
controlled in patients given pharmacological 
glucose lowering treatment compared to those 
without such drugs (8.6 versus 7.1 mmol/L; p 
< 0.001). FPG were more often in the diabetic 
range (48 versus 38%; p < 0.001) in patients 
who received glucose lowering treatment 
compared to those left untreated. The diagno-
sis of DM was more often based on an elevat-
ed post-prandial glucose in the latter group (52 
versus 30%; p < 0.001).
During the one year follow-up none of the 
patients on glucose lowering drugs died com-
pared to 25 among those without such treat-
ment (p = 0.002) and AMI and stroke occurred 
in one versus 13 and one versus five patients 
respectively. Kaplan-Meier curves for com-
bined CVE are shown in Figure 18. Following 

adjustments, as outlined in the methods sec-
tion, patients on pharmacological glucose low-
ering treatment had a one year HR for CVE of 
0.22 (95%CI 0.05-0.97; p = 0.041) compared 
to those without such therapy.

Study IV - Predicting cardiovascular 
events 

As previously described (36) of the 3,362 
patients with unknown glucose abnormali-
ties an OGTT was performed in 1,867 (56%) 
patients. Patients in whom an OGTT was not 
performed (n = 1,495) were older (67, 58-75 
versus 64, 55-72), more frequently females 
(29 versus 24%), had a higher prevalence of 
known heart failure (21 versus 15%) and more 
frequently a history of AMI (45 versus 41%) 
than those undergoing this test. The classifica-
tion of glucose metabolism based on OGTT 
can be seen in Table 8. 

Glucose lowering treatment All-cause 
mortality

Myocardial 
infarction 

Stroke CVE PCI/CABG

Insulin (n = 378) 37 (9.8) 23 (6.1) 13 (3.4) 65 (17.2) 63 (16.7)
OGLD (n = 674) 28 (4.1) 39 (5.8) 27 (4.0) 83 (12.3) 91 (13.5)
Combination (n = 76) 0 (0) 2 (2.6) 2 (2.6) 4 (5.3) 11 (14.5)
No (n = 155) 11 (7.2) 7 (4.6) 5 (3.3) 19 (12.5) 23 (15.1)
p-value <0.001 0.560 0.901 0.014 0.579
Insulin

Basal (n = 150) 8 (5.3) 5 (3.3) 2 (1.3) 14 (9.3) 23 (15.3)
Short acting (n = 56) 3 (5.4) 2 (3.6) 4 (7.1) 8 (14.3) 8 (14.3)
Combination (n = 192) 23 (12.0) 16 (8.3) 7 (3.7) 40 (20.8) 34 (17.7)

p-value 0.058 0.103 0.113 0.012 0.759
OGLD

Sulphonylurea (n = 313) 11 (3.5) 16 (5.1) 15 (4.8) 38 (12.1) 36 (11.5)
Metformin (n = 124) 3 (2.4) 5 (4.0) 7 (5.6) 13 (10.5) 12 (9.7)
Combination (n = 202) 10 (4.9) 17 (8.4) 6 (3.0) 28 (13.9) 35 (17.3)

p-value 0.478 0.194 0.441 0.656 0.081

Table 7. Crude event rates, numbers and within brackets proportions, by glucose lowering therapy dur-
ing one year of follow-up. P-values relate to overall differences between the various glucose lowering 
treatments.

CVE = death or nonfatal myocardial infarction or stroke; OGLD, oral glucose lowering drugs 
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Figure 18. Kaplan-Meier curves for combined cardiovascular events in patients with newly detected 
diabetes prescribed (filled circles) or not (open circles) pharmacological glucose lowering treatment.

Ordinal logistic regression

Complete information on all candidate vari-
ables for the ordinal regression analysis was 
available in 990 (53%) of the 1,867 patients 
that underwent an OGTT. The only variables 
with a significant impact on the OGTT clas-
sification criterion were FPG, HDL-choleste-
rol, and age. The best identification of sub-
jects with NGR, IGR and type 2 DM apply-

ing ordinal logistic regression was achieved 
by the following algorithm (standard errors, 
based on cross-validation, within brackets):
-11.79 + 1.30(0.096) * FPG + 0.035(0.006) * 
Age – 0.61(0.191) * HDL-C
This classification algorithm, compared to 
OGTT, reached a cross-validated misclas-
sification rate of 44.8%, weighted κ = 0.45 
(95%CI 0.40-0.50). 

OGTTWHO FPG PG-2h Acute
(n = 909)

Elective
(n = 958)

Total
(n = 1,867)mmol/L

NGR <6.1 <7.8 386 (42.5) 484 (50.5) 870 (46.6)
IFG 6.1-6.9 38 (4.2) 50 (5.2) 88 (4.7)
IGT 7.8-11.0 292 (32.1) 298 (31.1) 590 (31.6)
T2DM ≥7.0 ≥11.1 193 (21.2) 126 (13.2) 319 (17.1)

Table 8. Glucose tolerance classification according to oral glucose tolerance testing. Data expressed as 
counts (%). Adapted from reference 36 by permission.

FPG –  fasting plasma glucose; PG-2h –  two-hour post-load plasma glucose; NGR –  normal glucose 
regulation; IFG –  impaired fasting glucose; IGT –  impaired glucose tolerance; T2DM –  type 2 diabetes 
mellitus
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Figure 19. Single hidden layer feed-forward neural network with three inputs and four variables in the 
hidden layer.

ß0k – intercepts for each of the k = 1,…,4 hidden variables
ßik – regression coefficients for the inputs I = 1,…,3 for each of the k = 1,…,4 
hidden variables
ν0 – intercept for an output
νk – regression coefficients for the hidden variables k = 1,…,4 for an output
Hyperbolic tangent – tanh(x) = [exp(x) – exp(-x)]/[exp(x) + exp(-x)],
Logistic – 1/[1 + exp(-x)].

Neural network modelling

The ANN was designed as a single hidden 
layer feed-forward network (Figure 19). The 
final model included FPG, HDL-cholesterol, 
and age. Patients were classified into the glu-
cose control category for which estimated 
probability was largest. The ANN classifica-
tion algorithm, compared to OGTT, reached 
a cross-validated misclassification rate of 
37.8%, weighted κ = 0.48 (95%CI 0.43-0.54). 

Cardiovascular prognosis 

The three classification criteria, OGTT, ordi-
nal logistic regression, and ANN, produced 
different distributions of the CVE during the 
year of follow-up. Only the ANN criterion re-
ported proportions of one year CVE that dif-
fered between the glucose regulation classes 
(Table 9; p = 0.021).

Risk Glucose regulation 
class

Characterization by

OGTT Ordinal logistic 
regression

Neural 
network

Low risk
NGR 555 (5) 694 (4) 802 (5)
IGR 494 (6) 481 (7) 296 (4)

High risk Type 2 DM 234 (9) 108 (8) 185 (10)
p-value         0.084 0.051 0.021

Table 9. Rates of one year cardiovascular events (in per cent within brackets) stratified by glucose regu-
lation classes predicted by oral glucose tolerance test, ordinal logistic regression and artificial neural 
network. 
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The multiple Cox regression models compar-
ing patients at high risk (type 2 DM) with 
those at low risk (NGR or IGR) based on 
the different classification criteria, showed 
a performing capability of the ANN, both in 
unadjusted (HR 2.09, 95%CI 1.24-3.52) and 
adjusted models (HR 2.11, 95%CI 1.21-3.67) 
in predicting one year CVE. For OGTT the 
corresponding HRs were 1.69 (95%CI 1.01-
2.82) and 1.37 (95%CI 0.79-2.36) in the un-
adjusted and adjusted models respectively.
Kaplan-Meier curves for event free survival 
in patients characterized as being low or high 
risk patients by the ANN criterion are shown 
in Figure 20.

Generalization of the neural network

To test the reproducibility of this prediction 
algorithm the resulting ANN model was ap-
plied to another patient population derived 
from the Glucose In Myocardial Infarction 
Study (GAMI; 42). Pertinent characteris-
tics of these patients (n = 172), classified by 
means of an OGTT and followed for a me-
dian time of 2.8 years, are listed in Table 4 
stratified by the ANN characterization.
Cox regression model comparing GAMI 
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Figure 20. Survival free from cardiovascular events stratified by the neural network classification (con-
tinuous and dashed line for low and high risk respectively).

patients at high risk with those at low risk 
showed a HR for cardiovascular mortality, 
AMI and stroke of 1.8 (95%CI 0.9-3.6). Ka-
plan-Meier curves for cardiovascular event 
free survival among patients characterized as 
being low or high risk patients by the ANN 
criterion are shown in Figure 21.

 

0
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Figure 21. Survival free from cardiovascular events stratified by the neural network classification (con-
tinuous and dashed line for low- and high risk respectively) in the GAMI population.
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GENERAL  DISCUSSION

At least 25% of patients with an established 
diagnosis of CAD have either a history of DM 
or meet the diagnostic criteria for this disease 
based on blood glucose testing (94). Indeed 
about one in four if not one in three patients 
treated by cardiologists across Europe has 
DM. 
In addition the proportion of patients with pre-
viously unknown abnormal glucose regulation 
in the Euro Heart Survey on Diabetes and the 
Heart was 36%. This is somewhat higher than 
proportions reported from previous Euro Heart 
Surveys on patients with stable CAD (18-23%; 
95), ACS (21 to 32% depending on the ECG 
pattern; 96), and in a population based registry 
of patients with MI (97). An explanation may 
be that investigators in the Euro Heart Survey 
on Diabetes and the Heart were specifically 
asked to look for previously diagnosed DM 
and instructed to perform an OGTT in patients 
without known abnormal glucose metabolism. 
There are indeed reasons to believe that the 
present finding is closer to reality than previ-
ously reported lower proportions. Thus the 
total proportion of patients with known DM 
(25%) and previously undetected IGR (22%) 
or DM (15%) are high in patients with CAD 
amounting to more than 60% (98). The impor-
tant implication is that glucose perturbations 
are very common in patients with CAD and 
thereby in need of great attention as regards 
special therapeutic demands. Furthermore, 
contemplating this high prevalence, it seems 
relevant to know in which respect the diagno-
sis of DM influences patient management.

Diagnostic and therapeutic strategies 

Patients with acute coronary syndromes 

Study I revealed, somewhat surprisingly, that 
accounting for differences in baseline char-

acteristics diabetic patients admitted for ACS 
received similar in-hospital pharmacological 
treatment and interventions as their non dia-
betic counterparts. 
The baseline characteristics in the present 
survey are comparable to those in a large 
(10,484 patients) prospective European sur-
vey of ACS (96) reporting prior AMI in 22 
and 36%, prior heart failure in 8 and 12% and 
hypertension in 52 and 64% of patients with 
STEMI and NSTEMI respectively. The treat-
ment pattern at admission, with a more fre-
quent use of drugs active on the RAAs, beta 
blockers, statins and aspirin in DM patients, is 
concordant to other studies (96,99). A higher 
use (49 versus 35%; p < 0.001) of angiotensin 
converting enzyme inhibitors was, however, 
described in the EUROASPIRE I and II stud-
ies (95). The intensive in-hospital i.v. treat-
ment is consistent with findings reported by 
the Euro heart survey of ACS (11) where, in 
a general perspective, an insufficient use of 
heparins (84-87%), beta blockers (6-14%) 
and glycoprotein IIb/IIIa inhibitors (10-20%) 
was described in relation to existing ESC 
guidelines (100). 
Although patients with DM were more often 
treated with aspirin, beta-blockade and statins 
at hospital admission, prescription of these 
drugs at the time for hospital discharge were 
less pronounced than among patients without 
DM. Following correction for clinical con-
founders these differences did, however, not 
remain significant. In the MITRA study (101) 
the patients, all admitted for STEMI, differ 
from the present population and confounders 
introduced in the multiple regression model 
are not directly comparable. Still in this model 
the DM status only influenced the use of beta 
blockers (odds ratio 0.78; 95% CI 0.68-0.88) 
and angiotensin converting enzyme inhibitors 
(odds ratio 1.3; 95%CI 1.11-1.53).
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Considering dosages of drugs used in the DM 
and non DM group no difference emerged, 
but overall doses are lower than those with 
evidence-based effect. Even considering 
the difficulties of dosage analyses (gender, 
weight and co-morbidities are potential con-
founders) the propensity to titrate towards an 
optimal dose seemed limited especially for 
captopril (target 150 mg/daily), metoprolol 
(target 200 mg/daily) and carvedilol (target 
50 mg/daily) in relation to dosages proven 
beneficial in clinical trials (102, 103, 104).
In contrast to our data an under utilization 
of evidence-based drugs, heparins, i.v. beta 
blockers, and thrombolysis has been high-
lighted in a large (25,633 patients) Swedish 
Register (RIKS-HIA) of coronary care unit 
admissions for suspected myocardial infarc-
tion (99). In RIKS-HIA admission character-
istics differed from the present as regards the 
prevalence of hypertension (46% compared 
to 79%), prior CABG (6% compared to 11%) 
or PCI (5% compared to 14%) and lipid low-
ering treatment (11% compared to 36%). 
These differences are reasonably related to a 
different patient selection and to a different 
period of recruitment (e.g. for the use of stat-
ins). The Euro Heart Survey on Diabetes and 
the Heart relates to a period of time about five 
years later than the RIKS-HIA investigation. 
Moreover prior heart failure, cerebrovascular 
disease and peripheral artery disease were 
not introduced as potential confounders in 
the RIKS-HIA multiple regression model. An 
under utilization was also described regard-
ing coronary angiography, PCI and stenting 
in the Munich registry from 1999. The differ-
ences between DM and non DM patients had, 
however, decreased two years later (105). In 
similarity revascularisation was somewhat 
less often used (13%) in DM patients ad-
mitted for AMI compared to their non DM 
counterpart (15%) in a large (25,697 patients) 
study from Ontario in 1992-1993 but baseline 
characteristics and treatment refer to a situa-
tion ten years distant from the present (106).

Patients with stable coronary artery disease

Strategies for secondary prevention in pa-
tients with stable CAD were clearly de-
scribed in the ESC guidelines, available at 
the time of the present patient recruitment, 
(47) both regarding treatment options and 
targets. Study I demonstrates that, even if the 
use of recommended drugs is acceptable, the 
adherence to treatment targets was poor and 
the outcome had been even worse if targets 
outlined in the most recent update of the Eu-
ropean guidelines for CVD prevention or in 
the European guidelines for diabetes, predia-
betes and CVD had been applied (35,107). A 
similar situation, both in non DM than in DM 
subjects, was shown in the EUROASPIRE 
I and II Surveys (10) even if not related to 
medications at enrolment. In these surveys 
blood pressure ≥ 140/90 mmHg was found 
in 57 and 49% of patients with known CAD 
and elevated total cholesterol (> 5.0 mmol/
L) among 55 and 59%. Also the results of 
the Euro Heart Survey of stable angina 
(108) suggests an underestimation of the 
importance of proper management of es-
tablished risk factors. Many patients did as 
an example not have a recent (< 4 weeks) 
cholesterol (27%) or glucose (33%) sample. 
Concerning glucose control 87% of DM pa-
tients in the EUROASPIRE II Survey were 
described having plasma glucose above 6.0 
mmol/L and 72% above 7.0 mmol/L (94). 
In another study, relating to glycaemic tar-
gets for adults with DM as recommended by 
ADA in 2004 (109), a very low proportion 
of DM patients reached an optimal glucose 
control (59% of patients had a HbA1c > 7 
mmol/L and 73% a FPG > 7.2 mmol/L; 110). 
The poor outcome of glycaemic control may 
partly reflect the lack of evidence-based data 
(111) on confirming a decrease in macrovas-
cular endpoints following aggressive glucose 
control if not accompanied by a multifactorial 
intervention on blood pressure and lipid val-
ues (STENO-2; 54, 55). That glucose targets 
are less often reached in patients with stable 
CAD and insulin treated DM than those on 
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oral glucose lowering agents is presumably 
explained by the less advanced metabolic im-
pairment among the latter. Insulin is usually 
instituted in a late stage when the metabolic 
derangement is more difficult to control. Con-
templating the use of glucose-lowering drugs 
the new insulin-sensitizing glucose lowering 
agents (e.g. thiazolidinediones) were rarely 
prescribed in the DM patients enrolled in the 
survey perhaps due to the relatively short time 
between the European introduction of these 
agents and the time for the survey. 

Evidence-based medication and 
revascularisation

The prognosis after CAD is more severe in pa-
tients with than among those without DM (17) 
and one reason may be that EBM and revascu-
larisation are less commonly applied in DM pa-
tients (99,112) although the present investiga-
tion (Study I) did not indicate this to be a major 
reason (at least not when looking at drugs and 
procedures in isolation). Another possible ex-
planation is that treatment modalities with prov-
en efficacy in a non DM population may be less 
efficient in patients with DM. RAAs inhibitors 
(113,114,115), beta-blockers (116,117,118), 
statins (119,120, 121,122), and antiplatelet 
therapy (123) reduce CVE. Their appropriate 
use has recently been extensively advocated in 
the ESC and EASD guidelines on diabetes, pre-
diabetes and cardiovascular diseases (35). So 
far most studies have been devoted to the thera-
peutic impact of selected drugs. These studies 
have particularly for DM patients usually been 
based on post-hoc created subgroups of such 
patients. Controlled trials directed towards well 
defined groups of diabetic patients are indeed 
not common. Moreover these analyses address 
one type of pharmacological therapy rather 
than combinations of different remedies. This 
observation made it of interest to expand the 
information on the impact of the combination 
that was defined as evidence-based therapy in 
Study II. It is well known that the presence of 
multiple modifiable risk factors for complica-

tions in DM patients, including hypertension, 
and dyslipidaemia, increase the risk of a poor 
cardiovascular outcome. In the present popula-
tion the simultaneous treatment of all risk fac-
tors by a comprehensive management strategy 
based on the combination of established phar-
maceutical regimes had a beneficial impact on 
cardiovascular morbidity and mortality in par-
ticular in patients with DM. There was a sub-
stantial reduction of CVE clearly demonstrable 
already after one year of follow-up and the DM 
patients did indeed approach the prognosis for 
the non diabetic patients. 
That patients with established type 2 DM ben-
efited from a broad approach aiming at the 
correction of all modifiable risk factors for an 
effective prevention of a variety of cardiovas-
cular disease manifestations has been clearly 
demonstrated by the STENO 2 trial (54). In 
this experience a target-driven, multifactorial 
intervention in a group of diabetic patients se-
lected due to their high risk for microvascular 
and macrovascular complications significantly 
reduced consequent risk of cardiovascular dis-
ease (HR 0.47; 95%CI 0.24-0.73), nephropa-
thy (HR 0.39; 95%CI 0.17-0.87), retinopathy 
(HR 0.42; 95%CI 0.21-0.86), and autonomic 
neuropathy (HR 0.37; 95%CI 0.18-0.79). 
Even more strikingly the intensive multifacto-
rial therapy affected prognosis in the extended 
13-year follow-up of the trial (55). The early 
intensive therapy was demonstrated to cause 
an absolute mortality reduction of 20% and an 
absolute cardiovascular mortality reduction of 
29%. In the light of these data a multifacto-
rial management approach must be consid-
ered a priority in DM patients. Future studies 
should assess if a closer collaboration between 
cardiologists and representatives from other 
specialists, in particular diabetologists, are 
needed to accomplish this goal and which type 
of care organization is the most effective in 
implementing this therapeutic approach.
Regarding revascularisation procedures previ-
ous studies reported on the favourable effect 
of thrombolytic drugs (124,125), PCI with 
stenting (105), and CABG (126) in patients 
with DM. 
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Obviously not all patients with CAD require 
such procedures and the indications for revas-
cularisation in itself was left in the hands of 
the responsible physicians. The comparative 
efficacy in patients with and without DM 
could, however, be investigated. In this re-
spect, Study II supports the MONICA registry 
(125) that concluded that thrombolytic drugs 
were more powerful in reducing risk ratios in 
the DM than in the non DM patients (risk ratio 
0.57 versus 0.65 respectively). 
Number needed to treat analyses intended to 
elucidate the clinical usefulness of the inves-
tigated treatments in the two extremes of the 
glucose abnormalities: patients with NGR 
and those with established DM. The finding 
in Study II that the number of DM patients to 
treat to save one CVE is lower than that of pa-
tients with NGR is based on crude incidence 
rates. Accordingly it may be biased by sys-
tematic differences in baseline characteristics 
among patients receiving or not offered the 
investigated treatments. The outcome most 
reasonably reflects the higher total risk for 
CVE in DM compared to non DM patients 
rather than indicating an increased efficacy 
of EBM and revascularisation in the former 
cohort. Still it clearly underlines that a com-
prehensive management of DM patients will 
easily translate into a cost effective approach. 
Although reporting on more restricted phar-
macological approaches than that required in 
Study II similar results have been presented by 
previous studies on statins (120) aspirin, beta-
blockers and angiotensin converting enzyme 
inhibitors (101,127) showing that clinical ben-
efit achieved may be greater in patients with 
compared to those without DM. 

Prognostic impact of glucose 
lowering treatment

Already established diabetes

Study III, describing glucose lowering treat-
ment pattern in a large population of CAD 
patients from every day practice, indicates 

that the choice of treatment modality may 
be prognostically important. The general im-
pression is that patients with CAD and DM 
were inappropriately managed. Since it is 
reasonable to assume that the investigators 
were alerted by the subject studied the present 
finding may, if anything, be an underestimate 
of the true situation in every day practice.  
Regardless of an often poor glucose control 
at the time for recruitment glucose lowering 
therapy was rarely and inconsistently adjust-
ed. One explanation may be that cardiolo-
gists neglect or are inexperienced as regards 
glucose lowering treatment, which usually is 
handled by representatives for other medical 
specialties such as general practice, internal 
medicine or endocrinology. The recent ESC 
guidelines on diabetes and CVD (35) call for 
a close collaboration between cardiologists 
and diabetologists, a recommendation that is 
heavily supported by the present data. A note-
worthy finding was the substantial proportion 
of DM patients who, irrespective of geo-
graphical region, were handled without any 
pharmacological glucose lowering treatment 
(already known DM = 152; newly detected 
DM = 375; overall 28%). These figures relate 
to what has been described as a “clinical iner-
tia”, both among specialists and primary care 
physicians (128). More than 50% of physi-
cians in charge of 2,600 Canadian diabetic 
patients left them with inadequate glucose 
control (129). It should be acknowledged 
that lack of adequate pharmacological tools 
to achieve recommended glucose targets may 
contribute to a poor glucose control, especial-
ly in patients with long standing DM. Finally 
compelling evidence for the reversibility of 
macro-vascular complications by intensive 
glucose lowering may be experienced as 
lacking (82,83,84). 

The DIGAMI trials studied different glucose 
lowering modalities for post AMI patients 
with DM (130,131). The first trial showed 
beneficial long-term mortality effects of in-
tensive, insulin-based glucose control. 
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A beneficial short-term effect of normali-
sation of FPG by intensive insulin has also 
been described in critically ill patients with 
hyperglycaemia in intensive care units (132). 
In contrast the second DIGAMI trial did not 
reveal any mortality advantages by insu-
lin compared to OGLD based therapy. The 
given explanation was that glucose control 
did not differ between patients on insulin and 
OGLD, indicating that insulin does not have 
any beneficial effects in itself. The observa-
tion in Study III on an unfavourable impact 
of insulin on the prognosis of DM patients 
with CAD is therefore of interest. Howev-
er, as discussed more in details in Study I, 
FPG, at enrolment and follow-up, was less 
well controlled in patients on insulin than in 
those on OGLD. Still the negative impact of 
insulin compared to other glucose lowering 
alternatives remained after the introduction 
of glucose and other potentially misleading 
variables in the adjusted proportional hazards 
model. An explanation may be that patients 
on insulin are at a more advanced disease 
state, and that the excess of pre-existing heart 
failure, AMI, and nephropathy accelerates 
CVD. Although the present observation must 
be taken with great caution it gains support 
from previous observations. Harmful effects 
on cardiovascular mortality and morbidity 
have been reported by Nichols et al. (133) 
and Smooke et al. (134). Johnsen et al. (135) 
performed a registry based review of glucose 
lowering drugs given to patients hospitalised 
for a first AMI. Those prescribed insulin had a 
higher rate of AMI than those on OGLD dur-
ing follow-up. Similar observations emerged 
in a sub study from the DIGAMI 2 trial, re-
porting on an increased risk for nonfatal AMI 
and stroke (HR 1.73 95%CI 1.26-2.37; p < 
0.001) in insulin treated patients compared 
to those on OGLD. The negative impact of 
insulin was still seen in patients not previ-
ously treated with insulin but randomised to 
such therapy according to the protocol (66). 
Thus the present findings should, not the least 
in the light of previous similar observations, 
be taken seriously and encourage to clinical 

trials designed to clarify this particular sub-
ject. It may be speculated that insulin based 
therapy leaving patients with poor glucose 
control opens for potentially harmful effects 
of this compound which may be counteracted 
by a strict glycaemic control. This assump-
tion gains some support by a direct compari-
son of sulphonylureas and insulin reported in 
UKPDS 35 (51). CVE and all-cause mortal-
ity did only relate to the magnitude of the re-
duction in updated HbA1c, strongly indicat-
ing that glucose control rather than the tool 
used to accomplish this carries the prognostic 
benefit. That the choice of glucose lowering 
drug still may have an impact on outcome is 
indicated by UKPDS 34 (65). In this study 
overweight patients with DM were randomly 
assigned to diet alone, insulin, or OGLD and 
followed for ten years. Metformin treated 
patients had a significantly lower number of 
DM related endpoints, all-cause mortality and 
stroke. This observation is supported by the 
present survey, in which metformin treated 
patients had a trend towards lower one year 
mortality, combined CVE and revascularisa-
tion procedures while sulphonylureas were 
neutral in this respect. The sub study from 
DIGAMI 2 on the impact of glucose lower-
ing drugs also revealed beneficial effects of 
metformin. Patients, who in this study were 
treated with this drug had a lower rate of non-
fatal CVE during follow-up (66).  

Newly detected glucose perturbations

A fair proportion of patients with CAD have 
previously undetected abnormal glucose 
regulation, and an OGTT is needed to accu-
rately categorize these patients. Their prog-
nosis is impaired already at glycaemic levels 
just slightly above those labelled as normal 
(51,136). The reason driving the decision of 
responsible physicians to institute pharma-
cological glucose lowering therapy was not 
asked for by the survey. The fact that untreat-
ed patients presented post-prandial glucose 
levels in the diabetic range more frequently 
than in the fasting state supports that European 
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practice regarding these high risk patients has 
space for improvement. Post-prandial hyper-
glycaemia is one of the earliest indicators of 
impaired glucose control and a stronger risk 
factor for CVD than FPG (34). 
A new and important observation from Study 
III is that early institution of glucose lower-
ing drugs seems to be beneficial in patients 
with newly detected DM. Hitherto there is a 
lack of randomised trials addressing the pos-
sibility to improve future prognosis by phar-
macological glucose lowering treatment in 
DM patients with CAD. The STOP NIDDM 
trial, primarily designed to study the possibil-
ity to prevent patients with impaired glucose 
tolerance to progress towards DM by means 
of acarbose, demonstrated a 49% relative 
risk reduction of the three-year risk for CVE 
compared to placebo (137). The findings on 
the Euro Heart Survey parallel these observa-
tions of the usefulness of the early institution 
of pharmacological glucose lowering thera-
py in patients with newly detected DM and 
CAD. Both studies have to be experienced as 
observational as regards these interesting and 
potentially very important findings. It is ob-
vious that prospective clinical trials designed 
to test the hypothesis that early institution 
of glucose lowering therapy in patients with 
CAD and newly detected glucose perturba-
tions will be prognostically beneficial are 
mandatory.

A novel index for predicting event free 
survival

The single hidden layer feed-forward ANN 
model presented in Study IV showed a bet-
ter performance both before and after adjust-
ment (HR 2.09 and 2.11) compared to the 
logistic regression model (HR 1.51 and 1.33) 
and OGTT (HR 1.69 and 1.37) in predicting 
one year event free survival. 
The identification of individuals at increased 
risk for CVE is the critical first step towards 
reducing subsequent cardiovascular morbid-
ity and mortality. Both high and low risk pa-

tients may benefit, the former by being iden-
tified as candidates for a multifactorial man-
agement strategy and the latter by avoiding 
complications and added expenses from un-
necessary medications and procedures (72). 
A reliable risk prediction is a prerequisite for 
an individualized medical approach, and ap-
propriate statistical models for risk stratifica-
tion are promising tools.
Besides FPG, definitely crucial for any algo-
rithm, a number of well-established risk fac-
tors for CVD including dyslipidaemia, hyper-
tension, and obesity have been clustered into 
the metabolic syndrome (138). A seven-year 
cardiovascular risk associated with this syn-
drome was superior to the risk associated with 
its individual components in a study compris-
ing about 3,550 patients (139) and proved to 
be a strong independent predictor of mortal-
ity in patients with CAD (140). That all com-
ponents of the metabolic syndrome may play 
a relevant role (141) is supported by the suc-
cess of multifactorial management strategies 
in reducing micro- and macrovascular com-
plications in patients with type 2 DM (54,55, 
Study II). Of the single components, glucose 
regulation and HDL-C predicted cardiovas-
cular mortality with an equal or higher HR 
than the combination of all components of 
the syndrome in a recent report raising con-
cerns about the importance of including the 
full cluster in risk prediction models (142). 
The ANN risk index, described in Study IV, 
simplifies the approach by limiting needed 
variables to FPG, HDL-cholesterol and age, 
all quickly and easily available during a hos-
pital or outpatient clinic admission.
Besides being the only “cholesterol” con-
sidered in the National Cholesterol Educa-
tion Program definition of the metabolic 
syndrome (143), HDL-cholesterol has been 
given a central role as a cardiovascular 
marker for its multiple endothelial and anti-
thrombotic actions (144). The importance of 
HDL-cholesterol levels in predicting the fu-
ture cardiovascular prognosis in patients with 
diabetes has been widely discussed (145). As 
a matter of fact HDL-C has been described 
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as a ”guardian angel” of the arterial walls. 
Moreover the vast use of statins in patients 
with CVD influences total and LDL choles-
terol while HDL-cholesterol, less influenced 
by such treatment, still remains as a more re-
liable risk marker.

Neural network model

Opinions, ranging from enthusiasm to scepti-
cism, have been expressed on the usefulness 
of ANN models in human medical studies 
(146). Comparing ANN models with tradi-
tional logistic regression models in predict-
ing five-year survival after colon carcinoma 
treatment (147) or pathological stage of pros-
tate cancer (148) revealed a superiority of the 
formers. Comparison with expert opinions 
when diagnosing and predicting survival in 
colon cancer (149), diagnosing breast cancer 
(150), and when evaluating activity in pul-
monary tuberculosis lesions (151) revealed 
a higher performance and accuracy of the 
ANN models. Human experts are, however, 
often of inferior accuracy also when com-
paring their predictions with those made by 
means of classical statistical models (152). A 
study in which an ANN model showed lower 
performance compared to classical Baye-
sian methods has also been presented (153). 
Few methodology reviews, summarizing 
differences and similarities of the different 
models in a technical perspective have been 
performed (154,155). The overall feeling 
is that a correctly constructed ANN model 
(156,157), providing a possibility for an un-
limited number of linear or nonlinear bound-
aries, has a higher flexibility than classical 
statistical methods. However, both methods 
need to be used and explored in a comple-
mentary manner.

The general applicability of the ANN model, 
already generalized to a larger population 
than the training set, was confirmed when 
the algorithm was applied on another popu-
lation of patients with CAD manifestations 
(the GAMI Study; 42). The small population 

size of GAMI (n = 172) is the reasonable 
explanation to the lack of formal statistical 
significance, but the risk prediction trend was 
obvious. This suggests that an ANN prog-
nostic criterion based on few easily available 
clinical variables may be a useful tool for risk 
stratification of patients with CAD (158).

Strengths and limitations related to 
the survey structure

An important question is whether a survey, 
like the on that serves as a basis for this the-
sis, is representative for a general popula-
tion of patients with CAD. To simplify the 
process and help ensure high quality data 
and the recruitment of consecutive patients 
at each centre the period of recruitment was 
intentionally kept short and the number of 
patients asked for from each centre was mod-
est. Strength with surveys of this kind is that 
they recruit patients seen in everyday clini-
cal practice without any exclusion criteria. 
Thus they should more truly reflect clinical 
practice than trials that by necessity are re-
stricted to patients included according to a 
study protocol that often has an age limit and 
excludes patients with complex or concomi-
tant diseases. Since most patients originated 
from a hospital setting, it should, however, 
be acknowledged that they may not be repre-
sentative for those cared for in primary care. 
Anyhow the size, almost 5,000 patients, and 
the wide geographical recruitment area in 
this survey make it reasonable to assume that 
patterns disclosed represent a true picture of 
the actual clinical situation. 
A specific limitation is that, although the 
survey involved centres and investigators 
sensible to the protocol, an OGTT was per-
formed in only slightly more than half of the 
eligible patients. The main reason was that 
some countries refused ethical permission 
to perform an OGTT and, in addition to this, 
several technical obstacles related to the ar-
rangement of the test. For the outcome of the 
presented evaluations this lack of tests should 
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not be a major concern. Considering availa-
ble clinical characteristics, it is unlikely that 
the diagnostic accuracy would have been dif-
ferent in patients not tested. 
Glucose regulation classification was, ac-
cording to WHO, mainly based on OGTT 
and when this investigation was unavailable 
on FPG at the index hospitalisation. The in-
vestigators were only asked to declare the 
glucose values, however not to categorise 
the metabolic state in the CRF. Some physi-
cians may therefore not have paid attention 
to the outcome of the OGTT. This may have 
been a reason to abstain from glucose low-
ering treatment. This should, however, not 
invalidate the findings of Study III that an 
early institution of glucose lowering therapy 
improved the prognosis in CAD patients with 
newly detected DM compared to those with-
out such treatment. In addition no data on 
the prescription of lifestyle advices, the cor-
nerstone in glucose lowering treatment, was 
recorded in the survey. Even if patients with 
newly detected DM received at least some 
counselling this was obviously insufficient 
from a prognostic perspective.

A shortcoming of Study II is that EBM or 
revascularisation procedures could have been 
mainly prescribed to low risk patients. Only 
a randomised clinical trial can solve this is-
sue. However, there is no reason that this 
selection bias should be differently distrib-
uted in patients with and without DM. Thus, 
it should not affect the comparison of treat-
ment efficacy in the two groups of patients. 
In addition adjustments were introduced in 
the proportional hazard regression to limit 
this bias. It may be said that the weaker treat-
ment impact in the non DM, compared to the 
DM group may relate to fewer events in the 
former group with the implication that the 
present time of follow-up may be too short to 
detect the “true” beneficial effects in the non 
DM group. However, this does not change 
the conclusion that a comprehensive man-
agement of DM patients is very important 
and highly rewarding already in a fairly short 
term perspective.

An important shortcoming in Study III is 
that FPG at follow-up was self-reported and 
available only in two thirds of patients with 
known DM treated with insulin or OGLD. 
This limited the possibility to introduce fol-
low-up glucose levels in the multiple Cox 
proportional hazards model. HbA1c at fol-
low-up was not demanded by the survey and 
could therefore not be used as a measure of 
glucose control. Despite these limitations, 
the finding of a potentially harmful effect of 
insulin compared to OGLD deserves atten-
tion and should certainly stimulate to further 
research.
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CONCLUSIONS

1. European patients with diabetes mellitus, admitted for acute coronary syndromes, receive 
an in-hospital management that is comparable to their non diabetic counterparts following 
correction for differences in baseline characteristics

2. Secondary prevention of coronary artery disease is unsatisfactory both in patients with 
and without diabetes. Given their much higher cardiovascular risk, patients with diabetes 
are definitely not well managed

3. Patients with diabetes benefit to a great extent from evidence-based medications or 
revascularisation procedures and under-treatment of this high risk group of patients must 
be avoided

4. Glucose lowering treatment of European patients with diabetes and coronary artery 
disease is not well practiced; furthermore the choice of the glucose lowering modality 
seems prognostically important

5. Early institution of glucose lowering drugs may be beneficial in patients with newly 
detected diabetes mellitus. Randomised clinical trials testing this issue are mandatory

6.  The Artificial Neural Network criterion, based on easily available clinical variables, has 
interesting risk stratification capacities and may be of great clinical use when stratifying 
coronary artery disease patients in high and low risk groups and as an useful research tool 
to size materials and patients to be included
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