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Aims Three methods are used to identify dysglycaemia: fasting plasma glucose (FPG), 2-h post-load plasma glucose (2hPG)
from the oral glucose tolerance test (OGTT), and glycated haemoglobin Alc (HbA1c). The aim was to describe the
yield and concordance of FPG, HbA1c, and 2hPG alone, or in combination, to identify dysglycaemia in patients with
coronary artery disease.

Methods In EUROASPIRE IV, a cross-sectional survey of patients aged 18—80 years with coronary artery disease in 24 European

and results countries, 4004 patients with no reported history of diabetes had FPG, 2hPG, and HbA1c measured. All participants
were divided into different glycaemic categories according to the ADA and WHO criteria for dysglycaemia. Using all
screening tests together, 1158 (29%) had undetected diabetes. Out of them, the proportion identified by FPG was
75%, by 2hPG 40%, by HbA1c 17%, by FPG + HbA1c 81%,andby OGTT (=FPG + 2hPG) 96%. Only 7% were detected
by all three methods FPG, 2hPG, and HbA1c. The ADA criteria (FPG + HbA1c) identified 90% of the population as
having dysglycaemia compared with 73% with the WHO criteria (OGTT = FPG + 2hPG). Screening according to the
ADA criteria for FPG 4 HbA1c identified 2643 (66%) as having a ‘high risk for diabetes’, while the WHO criteria for
FPG + 2hPG identified 1829 patients (46%).

Conclusion In patients with established coronary artery disease, the OGTT identifies the largest number of patients with previously
undiagnosed diabetes and should be the preferred test when assessing the glycaemic state of such patients.

Keywords Coronary artery disease ® Diabetes o Impaired fasting glucose e Impaired glucose tolerance e HbA1c e Oral
glucose tolerance test

* Corresponding author: Tel: +-46 70 697 13 71, Fax: +46 8 344964, Email: vivecagyberg@gmail.com

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2015. For permissions please email: journals.permissions@oup.com.

STOZ ‘ST aun uo 1senb Aq woly papeojumoq


mailto:vivecagyberg@gmail.com
mailto:vivecagyberg@gmail.com

1172

V. Gyberg et al.

Introduction

The majority of patients with coronary artery disease have an ab-
normal glucose metabolism that is frequently unrecognized.'?
Dysglycaemia, defined as impaired fasting glucose, impaired
glucose tolerance, high-risk HbA1c, and diabetes mellitus, is char-
acterized by an elevated glucose concentration in the circulating
blood. Today three methods are used to identify dysglycaemia:
fasting plasma glucose (FPG), 2-h post-load plasma glucose
(2hPG) from the oral glucose tolerance test (OGTT), and glycated
haemoglobin Alc (HbA1c).>~> The diagnostic threshold is based
on detecting glycaemia associated with diabetes-induced retinop-
athy.® Originally, HbA1c was intended to monitor glycaemic
control, but in 2010, it was introduced as a diagnostic measure of
diabetes by the American Diabetes Association (ADA).3 Current
guidelines endorse the use of all three tests for diagnosis,>™>"®
but there is controversy about which one is preferable for screen-
ing for diabetes and other forms of dysglycaemia.” The debate is
centred on the long duration (2 h) needed to perform an OGTT,
the reproducibility of post-load 2hPG vs. the lower sensitivity
of FPG and HbA1c to predict macrovascular events and to
detect diabetes compared with 2hPG."®

It has been reported there is limited overlap between the three
available tests and that a non-diagnostic value using one test does
not exclude diabetes with another one.** In 2010, the ADA stated
that ‘Further research is needed to better characterize those patients
whose glycaemic status might be categorized differently by two
different tests (e.g. FPG and HbA1c) obtained in close temporal
approxima‘cion‘.3

The European Action on Secondary Prevention through
Intervention to Reduce Events (EUROASPIRE) are large cross-
sectional surveys across Europe of patients with coronary artery
disease to evaluate the adherence to Joint European Societies pre-
vention guidelines."" In the current survey, EUROASPIRE IV, the
scope was widened to include all tests for dysglycaemia in those
without prevalent diabetes using the protocol from the EuroHeart
Survey of Diabetes and the Heart."* This created a unique oppor-
tunity to compare different screening tests for dysglycaemia in a
large, well-characterized patient cohort with coronary artery
disease.

The present objective is to describe the yield of and concordance
between FPG, HbA1c, and 2hPG to identify diabetes mellitus and
other forms of dysglycaemia in patients with established coronary
artery disease.

Methods

Study population

EUROASPIRE IV was conducted at 79 centres in 24 European countries
during May 2012 to April 2013. Men and women aged >18—<80 years
were identified by a first or recurrent clinical evidence of coronary artery
disease at a time 6—36 months before recruitment: (i) coronary artery
bypass grafting (CABG); (ii) percutaneous coronary intervention (PCI);
(iii) acute myocardial infarction (ICD-10 121); and (iv) acute myocardial
ischaemia (ICD-10 120). For the present study patients without known
diabetes and full information on FPG, OGTT, and HbA1c were included
(Figure 1).

Methods

Information on personal and demographic details, self-reported lifestyle
and medication were obtained during an outpatient visit at the participat-
ing centres. Data collectors were trained to use standardized method-
ologies for physical measurements and all equipment were calibrated
according to the manufacturer’s recommendations. The following mea-
surements were performed according to a written protocol:

Height (kg) and weight (cm) in light indoor clothes without shoes
(scales 701 and measuring stick model 220; SECA Medical Measuring
Systems and Scales, Birmingham, UK).

Waist circumference (cm) was measured using a metal tape with the
patient standing.

Blood pressure (mmHg) was measured twice on the right upperarmin
the sitting position using an automatic sphygmomanometer (Omron Mé;
OMRON Corporation, Kyoto, Japan) and the mean was used for the
analyses.

Physical activity was assessed by means of the International Physical
Activity Questionnaire (IPAQ; IPAQ core group, Karolinska Institutet,
Stockholm, Sweden).

Laboratory investigations

Before cholesterol and HbA1c measurements, serum and blood samples
were transported frozen to the central laboratory (Disease Risk Unit,
National Institute for Health and Welfare, Helsinki, Finland) and stored
at —70°C. The laboratory has been accredited by Finnish Accreditation
Service and fulfils the requirements of the standard SFS-EN ISO/IEC
17025:2005.

HbA1c [mmol/mol (% = Diabetes Control and Complications Trial
[DCCT])] was measured at the central laboratory (Disease Risk Unit,
National Institute for Health and Welfare, Helsinki, Finland) with an
immunoturbidimetric IFCC aligned method (Abbot Architect analyser;
Abbott Laboratories, Abbott Park, IL, USA) in fasting venous whole
blood sampled in an EDTA-tube.

Blood lipids [mmol/L (mg/dL)] were measured in the fasting state and
analysed at the central laboratory on a clinical chemistry analyzer (Abbot
Architectanalyzer; Abbott Laboratories, Abbott Park, lllinois, USA) using
enzymatic method for measuring total cholesterol.

An OGTT [mmol/L (mg/dL)] was performed using 75 g of glucose in
200 mL of water in the morning after at least 10 h of fasting. Blood for
FPG was drawn before intake of the glucose with a dip safe from the
EDTA-tube in which the HbA1c was collected. Samples for 2hPG were
drawn from whole venous blood using an EDTA-tube. Plasma glucose
was analysed locally with a photometric point-of-care technique
(Glucose 201+, HemoCue®, Angelholm, Sweden). Regression analysis
between the HemoCue®™ instrument and standard isotope dilution gas
chromatography—mass spectrometry (IDGC-MS) showed a slope of
1.051 (95% confidence interval: 1.031-1.071) an intercept of —0.222
(95% CI —0.016 to —0.428; r =0.994). The mean deviation was
0.24 mmol/L (2.0%). Values obtained with the HemoCue® instrument
were in 69% within 5%, in 91% within 10%, and always within 14.3% of
the ID GC-MS method."® The HemoCue® method is cholesterol sensi-
tive due to the measurement in very small volumes with higher levels of
glucose with lower cholesterol. Therefore, the glucose values were cor-
rected according to the formula: HemoCue® glucose + 0.22 x (total
cholesterol —5 mmol/L). The values were converted from whole
venous blood to plasma applying the formula by Carstensen et al:™*
plasma glucose = 0.558 + 0.119 x whole blood glucose, as used by
the Euro Heart Survey on Diabetes and the Heart."” The standardized
use of the equipment was assured through the central training of the
data collectors, and retrieval of HemoCue®-cuvette storage information
and validation sheets from a selection of the participating centres.
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Figure | Patient flow chart.

Definitions

3-5

Dysglycaemia,”™> comprise any of the following conditions:

— Diabetes — ADA + WHO, was defined as a FPG >7.0 mmol/L
(126 mg/dL), 2hPG value >11.1 mmol/L (200 mg/dL) or HbA1c
>48 mmol/mol (>6.5%).

— Impaired F-glucose (IFG) — ADA, was defined as a FPG 5.6—
6.9 mmol/L (101-125 mg/dL), and HbAlc <48 mmol/mol
(<6.5%).

— Impaired F-glucose (IFG) — WHO, was defined as a FPG 6.1—
6.9 mmol/L (110—125 mg/dL) and 2hPG less than 7.8 mmol/L
(140 mg/dL), and HbA1c <48 mmol/mol (<6.5%).

— Impaired glucose tolerance (IGT) — WHO, was defined as a 2hPG
in the OGTT 7.8—11.0 mmol/mol (140—198 mg/dL), and FPG
<7.0 mmol/L (126 mg/dL), and HbA1c <48 mmol/mol (<6.5%)

— High-risk HbA1c — ADA, was defined as 39—47 mmol/mol (5.7—
6.4%) according to ADA.

—  When the term ‘high risk for diabetes’ is used it includes IFG and
IGT (WHO) or IFG and high-risk HbA1c (ADA).

Overweight: was defined as a body mass index (BMI) 25.0-29.9 kg/m” and
obesity as a BMI >30 kg/m® Central obesity was defined as a waist
circumference of >88 cm for women and >102 cm for men.

High blood pressure: was defined as elevated if systolic blood pres-
sure (SBP) was >140 mmHg and/or diastolic blood pressure (DBP)
>90 mmHg.

Smoking: at the time of interview was defined as self-reported smoking,
and/or a breath carbon monoxide exceeding 10 ppm.

Physical activity: was assessed by the international activity questionnaire
(IPAQ). Low or moderate physical activity was defined as proposed in
http://www.ipaq.ki.se/scoring.pdf.

Low educational level: was defined as primary school completed or less.

Data management

Data were submitted online to the data management centre (EuroOb-
servational Research Program for EUROASPIRE IV, European Heart
House, Sophia Antipolis, France). Data were checked for completeness,
internal consistency, and accuracy. All data were stored under the provi-
sions of the National Data Protection Regulations.

Statistical analyses

Descriptive statistics (means, standard deviation, and proportions) were
used to present information on patient characteristics. Included and
excluded patients (Table 1) were compared according to Fisher’s exact
test and the Mann—Whitney U test. P-values for the comparison
between the three separate exclusive groups in Table 1 were obtained
by means of logistic regression analysis adjusting for gender and age at
the time of interview. A two-sided P < 0.05 was considered statistically
significant. All statistical analyses were undertaken using SAS statistical
software release 9.3 (SAS Institute Inc., Cary, NC, USA).

Ethics

The study complies with the Declaration of Helsinki and local Ethics
Committees of all participating centres approved EUROASPIRE V.
Written, informed consent was obtained from each participant.

Results

Patient population and characteristics

A total of 7998 patients were interviewed and 5395 (67%) of them
reported no history of diabetes (Figure 1). Complete information
on FPG, OGTT, and HbA1c was available for 4004 (74%) patients,
who were included in this analysis. Clinical characteristics at
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Table I Pertinent characteristics in patients with screen-detected diabetes by means of Fasting Plasma Glucose alone

(FPG), 2 h post-load Glucose alone (2hPG) and HbA1c alone

FPG
>7 mmol/L (n = 606)

Age (years; mean + SD) 65 (9.4)
Female gender 22 (135/606)
Low educational level 18 (107/603)
Current smoking 15 (91/606)
BMI (kg/m% mean + SD) 29 (4.1)

BMI >25 84 (507/606)
BMI >30 kg/m? 35 (209/606)
Central obesity 58 (349/601)
Blood pressure >140/90 mmHg 39 (237/606)
Total cholesterol >4.5 mmol/L 43 (262/605)
Triglycerides > 1.7 mmol/L 27 (163/603)
ASA/antiplatelets 91 (551/603)
Beta-blockers 82 (497/603)
ACE-inhibitors 59 (357/603)
AT-ll Receptor antagonists 16 (96/603)
Diuretics 31 (185/603)
Statins 84 (506/603)
Low or moderate physical activity 48 (229/476)

HbA1c 2hPG P-value®
>6.5% (n = 49) >11.1 mmol/L (n = 218)

61(112) 67 (8.8) 0.03
12 (6/49) 28 (60/218) 0.18
29 (14/49) 16 (35/216) 0.06
20 (10/49) 11(23/218) 035
30 (44) 30 (4.8) 0.006
86 (42/49) 85 (186/218) 0.78
53 (26/49) 42(91/218) 001
66 (31/47) 62 (133/213) 0.31
31 (15/49) 41 (89/216) 0.52
37 (18/49) 37 (81/218) 024
41 (20/49) 31 (66/216) 012
98 (48/49) 96 (209/218) 0.03
92 (45/49) 83 (180/218) 026
63 (31/49) 67 (146/218) 0.07
10 (5/49) 16 (34/218) 0.67
25 (12/49) 31(68/218) 0.83
90 (44/49) 89 (193/218) 0.16
63 (20/32) 58 (102/177) 0.06

Data presented are % (n) if not stated otherwise.
*Significance of the difference between groups, adjusted for age and gender.

interview of participants who were included and excluded are pre-
sented in a Supplementary material online, Table. Patients included
had a lower FPG, HbA1c, and lower proportions of smoking and
blood pressure >140/90 mmHg but a higher proportion of central
obesity than those with incomplete data. In total, 1158/4004 had pre-
viously undetected diabetes (29%; men 29%/women 28%) according
to the criteria of ADA and WHO using FPG, 2hPG, or HbA1c.

There were no major differences in the characteristics of patients
with diabetes identified by only one of the three tests (Table 1),
although the 49 patients detected by HbA1c alone had a lower edu-
cation level, higher prevalence of obesity, and were less physically
active. Moreover, HbA1c was only slightly elevated (6.5-6.9%) in a
majority of these patients (82%) while it was 7.0—7.4% in six, 7.5—
7.9%intwo, and >8.0% in one patient, respectively. The nine patients
with HbA1c >7.0% were not different from all other patients except
that all of them were men (n.s).

Detection of diabetes

The proportions screened as having diabetes using different tests and
the overlaps between them are presented in Figure 2A. Of the 1158
screened with diabetes, the proportions identified were by FPG:
75%, 2hPG: 40%, HbA1c 17%, OGTT = FPG + 2hPG: 96% and by
HbA1c + FPG: 81%. There was some overlap in individuals detected
by different methods and the proportion having diabetes by all three
methods was 7.2% (women 7.5%; men 7.1%). Of the 466 patients
with diabetes based on an elevated 2hPG, a total of 218 (47%)
would not have been detected with diabetes without the glucose
load.

Patients at high-risk for diabetes

Applyingthe WHO criteria, based onthe OGTT = FPG + 2hPG,
a total of 1065 (27%) had normal glucose metabolism while
the corresponding proportion was 420 (11%) according to the
ADA criteria, based on FPG + HbA1c (Figure 3). Screening
according to the ADA criteria for FPG + HbA1c identified 2643
(66%) of patients as havinga ‘high risk for diabetes’ where IFG con-
tributed 91% and high-risk HbA1c 53%. The overlap, i.e. patients
identified as having high risk by both tests, was 44%. The WHO cri-
teria identified 1829 patients (46%) as having a ‘high risk for dia-
betes’ where 76% was identified by IFG and 53% by IGT with an
overlap of 29%.

Discussion

This is the largest study comparing three currently recommended
screening tests for dysglycaemia in patients with coronary artery
disease. The most important finding was that screening by means
of an OGTT identified the largest number of patients with undetect-
ed diabetes. The difference between FPG and/or HbA1c and FPG
and/or 2hPG for detecting diabetes was 15%. The overlap in case de-
tection between FPG, 2hPG, and HbA1c was very small. Moreover,
screening with HbA1c alone would have left 83% of those with
diabetes undetected. In addition, the total proportion of patients
identified with diabetes and other forms of dysglycaemia varied
from 90% using the ADA criteria for FPG + HbA1c to 73% using
the WHO criteria for OGTT = FPG + 2hPG.
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FPG + 2hPG = OGTT
96%

Figure 2 Proportions and their overlap between screening with fasting plasma glucose >7 mmol/L (n = 867), plasma glucose 2 h after a glucose
load >11.1 mmol/L (2hPG, n = 466), glycated haemoglobin Alc > 6.5%/48 mmol/mol (HbA1c, n = 193) and combinations commonly used in
clinical practice (fasting plasma glucose + HbA1c and fasting plasma glucose + 2hPG) for the 1158 patients with newly detected diabetes.

A WHO: OGTT = FPG + 2hPG B ADA: FPG + HbA1c

Figure 3 Proportion of patients with varying risk for dysglycaemia by different tests and criteria. Yellow = newly detected diabetes; Blue = high risk to
develop diabetes;and Green = normoglycaemia. (A) Accordingto WHO, i.e. diabetes = fasting plasma glucose >7.0 mmol/L (126 mg/dL) and/or 2hPG
>11.1 mmol/L (200 mg/dL); impaired F-glucose = fasting plasma glucose 6.1-6.9 mmol/L (110—125 mg/dL); and IGT = 2hPG 7.8—11.0 mmol/mol
(140—198 mg/dL). (B) According to ADA, i.e. diabetes = fasting plasma glucose >7.0 mmol/L (126 mg/dL) and/or HbA1c >48 mmol/mol (>6.5%);
impaired F-glucose = fasting plasma glucose 5.6—6—9 mmol/L (101-125 mg/dL); and high risk HbA1c = HbA1c 39-47 mmol/mol (5.7—-6.4%).
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Recent reports based on smaller patient populations with acute
coronary syndromes,'® stable coronary artery disease,'®
for coronary angiography'’ reveal that a HbA1c >48 mmol/mol
(>6.5%) detects only a small number of patients with unknown dia-
betes compared with screeningbased on OGTT."® The presentstudy
confirms and extends these findings to a broader and larger popula-
tion of coronary patients. In the Euro Heart Survey of Diabetes and
the Heart the proportion of newly detected diabetes and IFG +
IGT in patients with stable coronary artery disease detected by
an OGTT according to the WHO criteria was 14 and 37%, respect-
ively.19 This is lower than the 28 and 46% observed in the present
study. The reason may be differences in the patient populations, but
it is also possible that the proportion of European coronary patients
with undetected diabetes and IGT has increased since 2003—04 con-
sideringthe globalincrease in dysglycaemic conditions.?° This highlights
the importance of investigating the glycaemic state of people with cor-
onary artery disease.” The present findings indicate that such screening
is poorly practiced. One reason may be that an OGTT is considered
time consuming and that it is easier to use HbA1c alone or combined
with FPG. There was a limited overlap in the detection of dysglycaemia
between the three screening methods and their combinations as
already reported.'® Individuals identified to have diabetes by one
method only did not differ largely from each other.

Population based screening with HbA1c >48 mmol/mol (>6.5%)
alone diagnosed less diabetes than disclosed by the OGTT in some
studies?™? while other studies reported that more diabetes was
detected by HbA1c than the OGTT.2"*? Some of these differences
may relate to ethnicity.”>** The combination of HbA1c and FPG
increased the yield of patients with diabetes coming closer to the
proportion identified by the OGTT although not identifying exactly
the same patient population. A concern about using HbA1c and
FPG together, as proposed by the ADA, is that it labels far more indi-
viduals (90%) as dysglycaemic thanan OGTT using the WHO criteria
(73%) due to lower cut points for FPG and HbA1c. Furthermore,
WHO and others acknowledge that an HbA1c between 39 and
47 mmol/mol (5.7—-6.4%) is less effective than FPG and 2hPG for
predicting individuals at risk of developing diabetes.>** The compari-
son of the proportions identified by means of the OGTT indicates
that the ADA criteria of HbA1c + FPG may overestimate the pre-
valence of individuals at high risk for diabetes and underestimate
the prevalence of previously undiagnosed diabetes. While there is
solid evidence for people with IGT, as detected by an OGTT, that
lifestyle and pharmacological interventions can reduce progression
to diabetes by about 50%," such evidence is not available for
people with IFG and high-risk HbA1c.

Under-diagnosing dysglycaemia would be less important if this
state had little or no impact on the future prognosis in patients
with coronary artery disease.”?*"?’ There isa stronger association
between the 2hPG and the level of carotid intima—media thickness,
the extent of coronary artery disease as well as cardiovascular risk
according to the Framingham score compared with the FPG and
HbA1c.2”3%3" The relationship between FPG or HbA1c and mortal-
ity, when corrected for post-load glycaemia and other cardiovascular
risk factors, has not been confirmed while this relationship is estab-
lished for 2hPG."”?° Additionally, people with IGT are more likely
to develop cardiovascular disease progression than those with IFG,
while such prognostic information is limited regarding HbA1c.28>2

or referral

Moreover, HbA1c between 39 and 47 mmol/mol (5.7—6.4%) is less
sensitive than IFG and IGT to detect individuals with (3-cell dysfunc-
tion and insulin resistance.”

On the other hand over-diagnosing dysglycaemia with the low
thresholds of FPG and HbA1c may also have negative implications
causing concern for patients and lead to the unnecessary use of
health care resources. This makes it important to evaluate potential
differences in prognostic information gained by the three tests used
to detect previously unknown dysglycaemiain patients with coronary
artery disease. By analogy with the current diagnostic thresholds for
diabetes, which are related to retinopathy, research is required to
find a similar glucose threshold for the cardiovascular prognosis in
patients with coronary artery disease. When dysglycaemia is discov-
ered in a patient with coronary artery disease, a clinician should be
alerted to the even greater risk for recurrent coronary events and
mortality. High cardiovascular risk in patients with diabetes can be
lowered to almost that of normoglycaemic patients through multifac-
torial management, including lifestyle, pharmacotherapy, and revas-
cularization, as recommended by the current guidelines.'*** Given
the low yield of an isolated HbA1c, it is perhaps better to abstain
from this test on patients with coronary artery disease if resources
are scarce, at least until more data supporting its prognostic value
is available or algorithms intended to limit the use of OGTT are
properly validated.'®3*

Discrepancies also exist in recommendations expressed in dif-
ferent guidelines and by expert groups regarding the levels of FPG
and HbA1c that should define a person to be at high risk of developing
diabetes.***>3¢ The OGTT is the only method on which there is an
agreement on the definition of ‘high risk’, i.e. IGT.> There is a need for
further research on the clinical value of the high-risk classification by
FPG and HbA1c, before it is integrated into clinical practice as an
evidence-based recommendation for patients with coronary artery
disease.

Study strengths and limitations

EUROASPIRE IV is a large cross-sectional European study, which
enabled the investigation of 4004 well-characterized individuals
with coronary artery disease, without previously known diabetes.
The size of the study population allowed a statistically robust
comparison of the three main methods recommended for the
screening for dysglycaemia. Standardized central training was given
to the staff performing the blood sampling and glucose measure-
ments. All centres used HemoCue® 201 + equipment for glucose
determination with appropriate quality control, and the cuvettes
and glucose sachets were all centrally supplied. All other measure-
ments were standardized using the same equipment in every
centre providing high-quality data collected at a single study visit,
rather than from medical records, and limiting potential errors due
to transportation. HbA1c was determined in one central laboratory.
For logistical reasons, only one blood sample for FPG, 2hPG, and
HbA1c each was collected. According to present recommendations,
one positive test is not sufficient to diagnose diabetes, it should
instead be confirmed by a repeat measurement. Nevertheless, one
test is sufficient for the purpose of the screening yield comparison
using different methods. The OGTT has been criticized for high vari-
ability. This may relate to a dichotomization of a continuous variable,
namely plasma glucose. Wallander et al.*” performed an OGTT at 5
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days, 3 months, and 12 months after an acute myocardial infarction in
122 patients. Of those who were identified to have diabetes at dis-
charge from hospital, 93% were still classified as dysglycaemic (dia-
betes 64%; IGT 29%) after 12 months indicating that an OGTT is a
reliable test of dysglycaemia over time.

Conclusion

The overlap between the three methods, FPG, 2hPG, and HbA1c, is
very small. An OGTT identifies the largest number of coronary
patients with previously undiagnosed diabetes. It should therefore
be the standard when assessing the glycaemic state of coronary
patients. The WHO and ADA criteria result in different yields of
patients with other forms of dysglycaemia. It may be that screening
according to ADA compared with WHO overestimates the preva-
lence of other forms of dysglycaemia, a finding that needs further
evaluation.

Supplementary material

Supplementary material is available at European Heart Journal online.
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Appendix

EUROASPIRE was originally an initiative of the ESC Working Group
on Epidemiology and Prevention and the first EUROASPIRE survey
was undertaken as part of work of the Joint ESC/EAS/ESH Implemen-
tation Group on Coronary Prevention. The structure of the adminis-
trative organisation is described subsequently followed by a list of
participating study centres and organisations, and investigators, and
other research personnel.

Scientific steering/Expert
committees

K. Kotseva (London, UK, Chair EUROASPIRE IV Steering Commit-
tee), G. De Backer (Ghent, Belgium, Chair EUROASPIRE IV Execu-
tive Committee), P. Amouyel (Lille, France), J. Bruthans (Prague,
Czech Republic), A. Castro Conde (Madrid, Spain), R. Cifkova
(Prague, Czech Republic), D. De Bacquer (Ghent, Belgium), . De
Sutter (Ghent, Belgium), ].W. Deckers (Rotterdam, Netherlands),
M. Dilic (Sarajevo, Bosnia and Herzegovina), M. Dolzhenko (Kiev,
Ukraine), A. Erglis (Riga, Latvia), T. Ferreira (Nice, France), Z. Fraz
(Ljubljana, Slovenia), D. Gaita (Timisoara, Romania), S. Gielen
(Halle/Wittenberg, Germany), N. Gotcheva (Sofia, Bulgaria), |. Gou-
devenos (loannina, Greece), V. Gyberg (Stockholm, Sweden),
P.Heuschmann (Wiirzburg, Germany), A. Laucevicius (Vilnius, Lithu-
ania), S. Lehto (Kuopio, Finland), D. Lovic (Nis, Serbia), M. Manini
(Nice, France), AP. Maggioni (Florence, Italy), D. Mili¢i¢ (Zagreb,
Croatia), D. Moore (Dublin, Ireland), E. Nicolaides (Nicosia, Cyprus),
A. Pajak (Cracow, Poland), N. Pogosova (Moscow, Russia), Z. Reiner
(Zagreb, Croatia), L. Rydén (Stockholm, Sweden), O. Schnell
(Munich Neuherberg, Germany), M. Stagmo (Malmo, Sweden),
S. Stork (Wiirzburg, Germany), ). Sundvall (Helsinki, Finland), L. Tok-
g6zoglu (Ankara, Turkey), ]. Tuomilehto (Helsinki, Finland), D. Vulic
(Banja Luka, Bosnia, and Herzegovina), D. Wood (Principal Investiga-
tor, London, UK).

Coordinating centre: Cardiovascular Medicine, International Centre
for Circulatory Health, National Heart and Lung Institute, Medical
Faculty, Imperial College London, London, UK: D.A. Wood, K.
Kotseva, C. Jennings, A. Adamska.

Diabetes centre: Department of Cardiology, Karolinska University
Hospital, Stockholm, Sweden: L. Rydén, V. Gyberg, ]. Tuomilehto,
O. Schnell.

Data management centre: EURODbservational Research Programme
Department, European Heart House, Sophia Antipolis, Nice, France:
M. Manini, T. Ferreira, C. Taylor, M. Konte, M. Glemot.

Computing and statistical centre: Department of Public Health,
Ghent University, Belgium: D. De Bacquer, G. De Backer.

Central laboratory: Disease Risk Unit, National Institute for Health
and Welfare, Helsinki, Finland: J. Sundvall, L. Lund, J. Leiviska.
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Study centres, organizations,
investigators, and other research
personnel (National Co-ordinators
in each country are indicated by
apteryx)

Belgium: University Hospital Ghent: D. De Bacquer®, G. De Backer,
M. De Pauw, C. Ghysbrecht, P. Vervaet; A.Z. Maria Middelares: J.
De Sutter*®, S. Pardaens, A.M. Willems; A.Z. Sint Lucas: P. Cambier,
R. Claeys, N. Deweerdt, ]. Nimmegeers, H. Vandekerckhove, H.
Verloove, L. Versee.

Bosnia and Herzegovina: Center for Medical Research and Develo-
ment Health Care, Banja Luka: D Vulic *, D. Djekic. Clinical Center,
Banja Luka: G. Malesevic, S. Pejicic, S. Srdic; Clinical Center University
of Sarajevo: M. Dilic*, A. Begic, E. Hodzic, M. Kulic, N. Sabanovic-
Bajramovic, E. Tahirovic; University Clinical Center of Tuzla:
I. Iveljic, ). Kovcic, Z. Kusljugic, M. Nurkic.

Bulgaria: National Heart Hospital, Sofia: N. Gotcheva*, V. Bay-
cheva, B. Georgiev, G. Vladimirov; Military Medical Academy:
D. Gotchey, S. Ivanov.

Croatia: University Hospital Centre Zagreb, University of Zagreb
School of Medicine: Z. Reiner*, D. Mili¢i¢*, J. Samardzi¢; University
Hospital Centre Sestre Milosrdnice, Zagreb: B. Peri¢; University
Hospital Dubrava, Zagreb: M. Sicaja.

Cyprus: Nicosia General Hospital: E. Nicolaides*, C. Eftychiou, N.
Eteocleous, P. Georgiou, C. Hadjilouca, J.A. Moutiris, R. Nicolaou,
K. Papadopoulos, M. Patsalou.

Czech Republik: Center for Cardiovascular Prevention, Charles
University in Prague, First Faculty of Medicine and Thomayer Hos-
pital, Prague: J. Bruthans*, R. Cifkovd*, A. Krajcoviechova, P. Wohl-
fahrt; Department of Internal Medicine Il, Faculty of Medicine in
Pilsen, Charles University, Pilsen:]. Filipovsky, M. Krizek, Z. Kviderova,
O.Mayer, P.Vagovicovd, . Vanek, . Seidlerova, K. Timorackd; Depart-
ment for Preventive Cardiology, Institute of Clinical and Experimen-
tal Medicine, Prague: V. Adamkova, J. Belohoubek, M. Galovcova,
V. Zelenkova.

Finland: Kuopio University Hospital: S. Lehto*, E. Kiljander, P. Kil-
jander, P. Kylmaoja, H.R. Lehto, S. Olkkonen; lisalmi Hospital: ). Pen-
nanen; Varkaus Hospital: M. Herranen.

France: Institut Pasteur de Lille, Inserm U744, Université Lille Nord
de France: P. Amouyel*, A.L. Astolfi, S. Balik, S. Beauchant, J. Dallon-
geville, C. Devoghelaere, N. Fievet, P. Garboni, B. Lemaire, N. Mar-
ecaux, M. Montaye ; Hopital Saint Philibert, Lomme; Hopital
Cardiologique, CHRU, Lille; Centre Hospitalier Gustave Dron,
Tourcoing; Hopital Victor Provo, Roubaix.

Germany: Klinik Kitzinger Land: W. Karmann, S. Held. University of
Wiirzburg: P. Heuschmann*, K. Eichstidt, L. Deckert, D. Fischer, A.
Gerhardt , J. Kircher, Y. Memmel, K. Nolte, M. Schich, V. Wahl, M.
Woagner; University Hospital Wirzburg: S. Stork*, G. Ertl, S.
Guntner, R. Leyh.

Greece: Giannena University Hospital: | Goudevenos*, K. Kalantzi.
Athens Euroclinic: D. Athanassias, G. Goumas, P. Krimbas, D. Richter,
D. Sakellariou; Alexandra Hospital: J. Agrios, |. Matthaios, E. Papado-
poulou, S. Toumanidis, E. Tsouna-Hatjis; AHEPA Hospital, Aristotle
University: A. Boufidou, K. Makedou, L. Lilis.

Ireland: Tallaght Hospital: D. Moore*, G. Broderick, N. Fallon,
S. Storey.

Latvia: Daugavpils Regional Hospital: . Baronenko, G. Dormidon-
tova, A. Dulkevica, V. Dzerve; Pauls Stradins Clinical University Hos-
pital: A. Erglis*, T. Andrejeva, N. Bricina, J. Jakovleva, A. Jaunromane,
E. Keive, M. Klovane, D. Lurina, L. Makarova, D. Matisone, |. Mintale,
E. Pahomova-Strautina, L. Putane, M. Stabulniece, D. Vasiljevs,
G. Vevere, J. Vilks.

Lithuania: Vilnius University Hospital Santariskiu Klinikos: A. Lauce-
vicius*, | Alitoit, ). Badariene, |. Grabliauskaite, I. Jursyte, E. Paleviciute,
Z.Petrulioniene, P. Serpytis, R. Serpytis, S. Solovjova, V. Smagriunaite;
Hospital of Lithuanian Health Science University: R. Babarskiene, I.
Ceponiene, O. Gustiene, R. Karaliute, E. Rumbinaite, R. Slapikas, V.
Smalinskas, R. Verseckaite.

Poland: Department of Epidemiology and Population Studies, Insti-
tute of Public Health, Jagiellonian University Medical College,
Krakéw: A. Pajak*, E. Brzezicka, R.Lysek, W. Misiowiec, R. Wolfshaut-
Wolak; Department of Coronary Disease, Institute of Cardiology,
Jagiellonian University Medical College, John Paul Il Hospital: ].
Nessler; Department of Cardiac and Vascular Diseases, Institute
of Cardiology, Jagiellonian University, Medical College, John Paul Il
Hospital: P. Podolec; Department of Cardiology, J. Dietl Hospital,
Krakéw: E. Mirek-Bryniarska; Department of Cardiology, Naruto-
wicz City Specialty Hospital, Krakéw: . Grodecki; 1st Department
of Cardiology and Hypertension, Jagiellonian University Medical
College, Krakéw: D. Czarnecka, A. tukaszewska, P. Jankowski;
Department of Cardiology, Ludwik Rydygier Memorial Specialized
Hospital, Krakéw: P. Bogacki.

Romania: Universitatea de Medicina si Farmacie ‘V. Babes’ Timi-
soara; Institutul de Boli Cardiovasculare Timisoara: D. Gaita*,
C. Avram, E. Barzuca, L. Gaita, F. Jurca-Simina, O.C. lancu, A. Lazar,
M. lurciug, S. lurciuc, M. Mal, S. Mancas, A. Mihaescu, D. Mociar, S.
Mosteoru, S. Pescariu, L. Petrescu, C. Sasec, A. Schiller; Universitatea
de Medicina si Farmacie ‘C. Davila’ Bucuresti; Spitalul Universitar de
Urgenta Bucuresti: L. Amarie, A. Andronic, S. Calin, A. Ciobanu, A.
Cotoban, S. Guberna, L. Lungeanu, D. Mihalcea, N. Niculescu,
R. Rimbas, C. Udroiu, D. Vinereanu.

Russia: National Research Centre for Preventive Medicine, Moscow:
N. Pogosova*, A. Ausheva, S. Boytsov, A. Kursakov, R. Oganov.
Moscow Regional Cardiological Centre: Y. Pozdnyakov, N. Skazin.

Serbia: Clinic for internal disease InterMedica, Nis: D. Lovic*, B.
Lovic, M. Nedeljkovic, M. Ostojic; Cardiopulmonary Rehabilitation
Clinical Centre Niska Banja: D. Djordjevic, S. Kostic, I. Tasic; Univer-
sity Hospital Medical Center ‘Bezanijska Kosa’, Belgrade: M. Zdravko-
vic; Institute for Rehabilitation, Belgrade: M. Andi¢, T. Filipovi¢, O.
[li¢-Stojanovi¢, M. Jesi¢-Juki¢, N. Jevsnik, M. Lazovi¢, A. Radovi¢, D.
Radovi¢, D. Rosi¢, D. Spiroski, S. Stevovi¢, T. Vidakovi¢, V. Vukovi¢-
Dejanovic.

Slovenia: University Medical Centre, Division of Internal Medicine,
Ljubljana: Z. Fras*, B. Jug, A. Juhant, A. Poljancic, L. Poljancic.

Spain: Hospital la Paz — Hospital Cantoblanco, Madrid: A. Castro
Conde*, R. Dalmau Gonzalez-Gallarza, A.M. Iniesta Manjavacas.

Sweden: Skane University Hospital, Malmé: M. Stagmo*, H.
Jernhed, E. Stensgaard; Karolinska Hospital, Stockholm: V. Gyberg*,
V. Bostrém, C. Edman Jénsson, C. Hage.

The Netherlands: Thorax Centre, ERASMUS MC, Rotterdam: J.W.
Deckers*, S. Khatibi, F. Yongzhao; Sint Franciscus Gasthuis,
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Rotterdam: M. Veerhoek; Maasstadziekenhuis, Rotterdam: P.C.
Smits; Academic Medical Centre, University of Amsterdam, Amster-
dam: M. Minneboo, RJ.G. Peters, W. Scholte op Reimer, M. Snaterse-
Zuidam.

Turkey: Hacettepe Universitesi Tip Fakiiltesi: L Tokgézoglu*, S. Asil,
B. Kaya, D. Kogyisit; Ankara Universitesi Tip Fakiiltesi: C. Erol, V.
Kozluca, C. Tulunay Kaya; izmir Atatiirk Egitim ve Arastirma Hasta-
nesi: I. Akyildiz, O. Ergene, E. Varis; Dokuz Eylil Universitesi Tip
Fakiiltesi: B. Akdeniz, O. Géldeli, O. Kozan, E. Ozpelit; Dr Siyami
Ersek Hastanesi Gogus Kalp Cerrahi Merkezi: S. Altay, N. Cam, M.
Eren; Ege Universitesi Tip Fakdiltesi: M. Kayik¢ioglu, H. Kiiltiirsay; Flor-
ance Nightingale Hospital: V. Aytekin, A. Burak Catakoglu; Gazi Uni-
versitesi Tip Fakdiltesi: A. Abaci, M. Candemir, S. Unli; Goztepe Egitim
Arastirma Hastanesi: A. Oguz; Gulhane Askeri Tip Akademisi-
ANKARA: C. Bargin, S. Yasar, M. Yokusoglu; Turkiye Yiksek ihtisas
Hastanesi: S. Aydogdu, A. Temizhan, S. Unal; istanbul Universitesi
Cerrahpasa Tip Fakiiltesi: H. Altug Cakmak, M. Cimci, Z. Ongen;
Gebze Anadolu Saglik Merkezi: G. Ates, N. Koylan; istanbul Universi-
tesi Istanbul Tip Fakltesi: S. Emet, B. Umman; istanbul Universitesi
Kardiyoloji Enstitiisii: C. Bostan, V. Sansoy; Istanbul M. Akif Ersoy
Kalp Egitim ve Arastirma Hastanesi: M. Kemal Erol, A. Kemal
Kalkan; istanbul Kartal Kosuyolu Egitim ve Aragtirma Hastanesi:
C. Kaymaz, N. Pogi.

Ukraine: National Scientific Center ‘M.D. STRAZHESKO INSTI-
TUTE OF CARDIOLOGY, MAS OF UKRAINE: M.Dolzhenko*,
T. Getman, L. Konoplyanik, L. Klimenko, L. Lobach, Y. Luchinskaya,
L. Lurie, M. Lutay, E. Mitchenko, O. Nemchena, N. Nosenko, N. Per-
epelchenko, S. Potashev, A. Radchenko, V. Romanov, V. Shumakov,
T. Simagina, Y. Sirenko, O. Sychov. Kiev City Heart Centre: N. Moh-
nacheva, A. Verezhnikova, O. Zharinov; Sl ‘The Institute of Gerontol-
ogy named after D.F.Chebotarev NAMS of Ukraine’: V. Lishnevskaya,
I. Mikropulo, V. Prihodko, I. Shapovalenko.

UK: ICCH, Imperial College London: D. Wood*, A. Adamska,
J. Evans, K. loannides, C. Jennings, A. Kasonta, K. Kotseva, H.
Onyango, A. Rapacz, B. Wrotniak; Hillingdon Hospital, Middlesex:
S. Dubrey; Harefield Hospital, Middlesex: M. Barbir; Charing Cross
Hospital, London: S. Connolly; Central Middlesex Hospital,
London: M. Dancy; Royal Brompton Hospital, London: P. Collins;
West Middlesex Hospital, Isleworth: R. Kaprielian.
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