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How did the study come about?
Coronary artery disease (CAD) risk factor profiles
change over time. The death rate from coronary dis-
ease has been decreasing mainly due to changes in
levels of risk factors, and improvement in CAD treat-
ments.1 However, there are risk factors, whose preva-
lence is increasing, such as diabetes and obesity.2

When the risk factor profile changes, we can
assume that gene profiles and epigenetics also
change.3 This has not been studied widely.

The Corogene study was designed as a large cohort
to study mainly CAD, but also other related heart dis-
eases such as heart failure and aortic valve disease.
We selected the patients from the CAD point of view,
and decided to include over 5000 consecutive patients
assigned for coronary angiogram. In Finland, coronary
angiogram is performed to practically all patients
assigned for invasive heart examination. Despite
technical developments in diagnostics, coronary
angiogram is still the gold standard for evaluating
coronaries.4 The purpose of this study is to follow
contemporary trends in coronary heart disease, and
related heart disease risk factors, genetics and epigen-
etics by collecting cohorts referred to heart examin-
ation. New cohorts will be collected at 5-year intervals
in order to see trends in CAD, its risk factors and
epigenetics.

What does it cover?
The objective was to increase our knowledge of
(i) how genetics and epigenetics affect the develop-
ment and degree of heart diseases, (ii) use of medi-
cation over time: what and how often medications are
prescribed, (iii) what is the adherence over time
to medication and how it affects morbidity and

mortality, (iv) pharmacogenetics; who benefits from
the use of medication, (v) to uncover the inflam-
matory pathways linked to these diseases and (vi)
finally, contemporary trends in morbidity, mortality
and risk factors in patients assigned to coronary
angiogram.

Who is in the sample?
The Corogene study is a prospective cohort study
where 5000 consecutive Finnish patients assigned to
coronary angiogram in the region of Helsinki
University Central Hospital are included. The goal
was to study more than 5000 patients in the first
cohort, which was achieved during a 20-month
period (June 2006 to March 2008). A new cohort of
5000 patients will be collected every 5 years within a
period of 12 months in order to study the trends in
heart disease and coronary risk factors. The next
cohort is scheduled to be collected in 2013.

The Hospital District of Helsinki and Uusimaa com-
prises a population of 1.5 million, and includes four
hospitals with coronary angiogram laboratories, three
of which (Helsinki University Central Hospital, Jorvi
Hospital and Peijas Hospital) are supervised by the
Helsinki University Central Hospital. The fourth unit
is in a private hospital. During the study period,
over 4800 coronary angiograms were performed annu-
ally within the region. Helsinki University Central
Hospital covers 75%, Jorvi Hospital 16%, Peijas
Hospital 4% and the private hospital 5% of these
angiograms. ST-elevation myocardial infarction pa-
tients are referred exclusively to Helsinki University
Central Hospital. During off-duty hours, the region
sending ST-elevation myocardial infarction patients
for angiogram is wider; it includes about two million
inhabitants.
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Criteria for inclusion
Patient was assigned to coronary angiogram.
Finnish origin was required for follow-up reasons.
Criteria for exclusion comprised: non-Finnish origin,
previous heart transplantation, low haemoglobin or
previous blood transfusion during the same hospital-
ization. Of the excluded patients, we registered sex,
age and the reason for exclusion.

Participation rate for the study was very high: 93.4%
of consecutive patients of Finnish origin were
included. For patient recruitment see Figure 1.

For further evaluation, the patients were assigned to
four groups as follows: (i) Patients without significant
CAD (‘non-CAD’ patients). Angiograms were per-
formed on these patients for diagnostic reasons.
These patients had stable or atypical chest pains,
valvular heart disease, cardiomyopathy or other con-
ditions requiring diagnostic coronary angiogram. At
examination the coronaries were either completely
normal or there were non-significant obstructions
(450%). (ii) Patients with stable CAD with 450%
stenosis in at least one coronary artery.5 (iii) Acute
coronary syndrome (ACS) defined as an episode of
typical chest pain for ischaemia, and 450% stenosis

in at least one coronary artery. These patients were
classified as having unstable angina, non-ST-elevation
myocardial infarction or ST-elevation myocardial
infarction according to ischaemic ECG changes, and
elevated levels of a cardiac biomarkers.4 Those pa-
tients who had clear symptoms and ST elevation,
but no significant coronary obstructions (450%)
were still considered as ST-elevation myocardial in-
farction patients, if they had large cardiac enzyme
release (n¼ 7): (creatine kinase-MBmass 450 mg/l).
(iv) Patients with other ischaemic event defined as
an ACS-like episode of chest pain with or without
ischaemic changes in ECG, and without significant
(450%) CAD and elevated levels of cardiac biomark-
ers. This group included patients with type 2 myocar-
dial infarction6 and conditions with troponin
elevation without overt ischaemic heart disease such
as myocarditis and apical ballooning syndrome.

How often have they been
followed up?
Nationwide registers in Finland are used for follow-up
of the subjects. We have a link to the national
Hospital Discharge Registry maintained by the
Ministry of Social Affairs and Health,7 where date of
every hospitalization in Finland has been filed. At this
point, we have follow-up information till the end of
2008. The cause of death statistics are obtained from
Statistics Finland in Helsinki. This registry covers
deaths and causes of deaths of all Finnish residents.7

The follow-up covers information from the beginning
of the study up to 5 May 2010, median follow-up
being 36 months (range 25–48 months). The informa-
tion of medication usage is based on the Finnish pre-
scription register maintained by the Social Insurance
Institution of Finland.8 This registry covers, at this
stage, all patients’ medication purchases from
1 January 2005 (41 year before the initial hospitaliza-
tion) to 31 March 2009. Information from all of these
registries and of all patients will be collected at 1-, 5-,
10- and thereafter at 5-year bases. New cohorts will
be followed up similarly.

What has been measured?
Each patient filled a two-page questionnaire, which
included anthropometry (height), medication, heart
symptoms (which kind and for how long, rhythm
problems), other diseases (hypertension, diabetes,
hypercholesterolaemia, claudication, brain insults,
myocardial infarctions) and heart diseases or sudden
death of relatives (who, when, at what age and which
disease). A computerized database was used for the
collection of extensive information from hospital
records. Trained nurses, supervised by physicians,
collected the information from hospital documents
(patient records and coronary-angiogram database).

Patients admitted to angiogram

between June 2006 and March 2008 

n = 6218

Single angiogram 

n = 5809 

Not eligible = 515

Non-Finnish origin = 142 

Refusals  = 138 

Low haemoglobin or

recent blood transfusion = 54 

Previous heart transplantation = 20

Informed consent 

n = 5295

Donor = 4 

Missed = 156 

Repeated angiograms 

 n = 409

Figure 1 Patient selection process in the first cohort
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All relevant information on previous medical condi-
tions, medication used, cardiovascular risk factors, la-
boratory measurements, coronary angiography, ECG,
echocardiography and thorax X-ray was collected
(Table 1). After completing the Corogene registry,
the data were crosschecked with several methods,
for example, by using the Finnish prescription register
to check how many patients had bought statins
before initial coronary angiogram. This number was
compared with the Corogene-registry numbers of
statin users. Contradictive cases were re-evaluated.

Weight was measured during hospitalization and
height was asked from the patient. Body mass index
(BMI; kg/m2) was calculated from these values.

Patients were considered as having hypertension,
dyslipidaemia or diabetes (insulin dependent and

non-insulin dependent combined), if they (i) had
medication for these disorders or (ii) were told previ-
ously by a doctor that they suffer from these condi-
tions, but had refused to use medication prescribed.

Individuals were defined as current smokers if they
smoked tobacco during the previous 6 months or had
quit smoking within the past 6 months. Those who
had quit smoking 46 months ago were defined as
ex-smokers.

Information on prior myocardial infarction, cardio-
myopathy, arrhythmia, other vascular disease symp-
toms, other co-morbidities and vascular operations
was obtained from patient history.

Information about prior percutaneous coronary
interventions was obtained from the patients’ cardi-
ology data log. Coronary artery bypass graft (CABG)

Table 1 Summary of data items in the Corogene study

Anthropometry

Weight

Patient questionnaire

Height, cardiac symptoms, duration of these symptoms, other vascular disease symptoms, other diseases symptoms,
family history of heart diseases, medication in use: including over-the-counter use of pain medication, smoking, use
of alcohol, drug abuse, dental health, allergies, special diets, social situation, home nursing

Patient records

Height, risk factors, prior cardiac diseases: including myocardial infarctions, arrhythmias, heart failure, pacemakers and
prior cardiac operations, other operations, co-morbidities, medication

Laboratory values: complete blood count, C-reactive protein, total cholesterol, LDL cholesterol, HDL cholesterol,
triglycerides, glucose, haemoglobin-A1C, alkaline phosphatase, aspartate aminotransferase, alanine aminotransferase,
bilirubin, activated partial tromboplastin time, INR, potassium, sodium, creatinine, pro-brain natriureticpeptide,
creatine kinase, creatine kinase-MBmass, troponin-T, D-dimer, urea

Chest X-ray

Echocardiogram

Cardiological data log

Angiography, percutaneous coronary interventions, bypass operations

Cardiac surgery database

Electrocardiogram

Laboratory samples

Plasma, serum, DNA, RNA

Aortic valve evaluation by echocardiogram (sub-study of 2200 patients for aortic valve classification)

Dental health of sub-population of 500 (Parogene study)

Oral examination by dentist

Orthopantomography

Sputum sample for bacteria cultures

Questionnaire of dental health

Medication purchase register from the Social Insurance Institution of Finland (KELA)

Use of medication 51 year prior to index hospitalization

Mortality data from Statistics Finland

Follow-up data from Hospital Discharge Register (HILMO)

Hospitalizations starting 51 year prior to index hospitalization

Information requested yearly bases
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surgery data were obtained from the surgery records
of Helsinki University Central Hospital. This hospital
is the only unit in the hospital district that performs
CABG procedures. In a few cases when percutaneous
coronary interventions or CABG surgery was
done outside the Hospital District of Helsinki and
Uusimaa, the patient history was used to confirm
the operations.

Laboratory samples were drawn for gene, serum and
plasma analyses from the arterial line during the angio-
gram. The blood samples were handled according to the
laboratory standards of the Helsinki University Central
Hospital (accredited laboratory). Altogether 70 ml of
blood was drawn to EDTA (3 x 10 ml), citrate plasma
(2 x 5 ml) and serum (2 x 10 ml) vacuum tubes.

Buffy coats for DNA and RNA extraction were taken
from two fuged EDTA tubes. The third EDTA tube
was used as whole blood for DNA extraction. EDTA
plasma was separated and stored at �80C8 in six ali-
quots for plasma and for proteomic analyses.

Serum was stored in four aliquots and citrate
plasma in two aliquots at �808C for later laboratory
determinations, such as: lipids [total and HDL chol-
esterol, triglycerides, ApoA1, ApoA2, ApoB, Lp(a)],
inflammation markers (high-sensitivity CRP, TNF-a,
fibrinogen, complement system) and infection mark-
ers (antibodies against different pathogens).

Genome-wide association analyses
Of the Corogene cohort, 2500 patients with either
ACS or previous myocardial infarction have been gen-
otyped with the Illumina’s Human 660 000 BeadChip
that contains 660 000 markers in the Sanger Institute
(Hinxton, Cambridge, UK). An equal number of con-
trols, age-, geographical area- and sex-matched, has
been selected from the FINRISK surveys9,10 for the
genome-wide association studies.11

RNA extracted from peripheral blood leucocytes is
used to discover the genetic and epigenetic changes
and modifications of the genes associated with car-
diovascular disease risk factors or the disease itself.
The study of epigenetic modifications such as DNA
methylation, acetylation and microRNAs regulating
the gene activities might open novel tools for disease
prevention.

Human leucocyte antigen analyses
Human leucocyte antigen-classes I, II and III genes
are studied using the most suitable method for this
region involving SSP-PCR, genomic real-time PCR or
direct sequencing. Genome-wide association data of
this area are used to obtain additional genetic infor-
mation. These data are being used to study immun-
ology of heart diseases.

Oral health
From the whole cohort, we selected a 10% random
sample for complete clinical oral examinations.

We investigated the association between CAD and
oral health concentrating mainly on the parameters
describing periodontal diseases. The oral examination
was performed 6 weeks but 46 months after the ini-
tial hospitalization by two specialized periodontists
and one radiologist, since all patients had both
clinical and radiographic oral examinations, which
included collecting saliva and subgingival samples
for bacteriological analyses. The present 506 subjects
comprise a subgroup called Parogene. Our goal is
to invite these 500 subjects to re-examination
5 years after the initial hospitalization to evaluate
the role of periodontal disease activity and putative
changes in the periodontal microbiota on CAD and
recurrent ACS.

For 2200 consecutive patients, an aortic valve echo-
cardiogram was done separately just before or after
the angiogram for aortic valve calcification study.

What has been found? Key
findings and key publications
A vast amount of data has been collected, checked
and stored in a database, and is now available for
evaluation. Patient collection and exclusion data are
shown in Figure 1. Baseline data are presented
in Table 2 and Supplementary Tables S1 and S2.
Several manuscripts are in preparation issuing differ-
ent aspects of the use of medication, reasons for
death/death rate and genetics.

At the moment, the Corogene study has been used
as a replication cohort in several large genome-wide
association study consortia.11–17 These studies have
revealed several new genetic loci of CAD, human
height, weight, BMI and haematological parameters.

What are the main strengths and
weaknesses?
The main strength of the study is the large popula-
tion, and the quality of the data. The Corogene study
is a very large, coronary angiogram-evaluated cohort.
The coronary status information is solid with a poten-
tial to provide important insights into the mechan-
isms of CAD. An extensive amount of information
has been registered in the baseline. We have an ex-
cellent estimation of eligible patients for the study,
and our sample covers 491% of all eligible patients.
The follow-up registers (Hospital Discharge Registry,
Finnish prescription register and death statistics of
Statistics Finland) in Finland are comprehensive,
covering virtually all Finnish patients. Cumulative
data of cohorts to be collected will not only increase
the size of population, but also give depth to the data,
answering the questions of possible risk profile and
epigenetic changes.
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Table 2 Patient characteristics in men and women

Total Men Women P-value Risk ratio (95% CI) NA

Number of patients 5295 3379 1916 0

Age groups (years)

<40 81 (1.5) 68 (2.0) 13 (0.7) <0.001 2.966 (1.643–5.354) 0

40–49 363 (6.9) 290 (8.6) 73 (3.8) <0.001 2.253 (1.754–2.894) 0

50–59 1152 (21.8) 813 (24.1) 339 (17.7) <0.001 1.360 (1.214–1.524) 0

60–69 1657 (31.3) 1123 (33.2) 534 (27.9) <0.001 1.192 (1.094–1.300) 0

70–79 1556 (29.4) 861 (25.5) 695 (36.3) <0.001 0.702 (0.647–0.763) 0

580 486 (9.2) 224 (6.6) 262 (13.7) <0.001 0.485 (0.409–0.574) 0

BMI (kg/m2) 27.4� 4.8 27.5� 4.5 27.1� 5.2 0.002 (0.164–0.722)a 25

Hypertension 3515 (66.4) 2138 (63.3) 1377 (71.9) <0.001 0.880 (0.847–0.914) 3

Dyslipidaemia 3982 (75.3) 2516 (74.5) 1466 (76.6) 0.091 0.973 (0.942–1.004) 7

Diabetes 1074 (20.3) 714 (21.1) 360 (18.8) 0.042 1.125 (1.004–1.260) 0

Smoking

Current smoker 1287 (24.5) 954 (28.4) 333 (17.5) <0.001 1.622 (1.451–1.813) 33

Ex-smoker 1873 (35.6) 1445 (43.0) 428 (22.5) <0.001 1.911 (1.743–2.095) 33

CAD groups

No CAD 1202 (22.7) 600 (17.8) 602 (31.4) <0.001 0.565 (0.512–0.623) 0

Stable CAD 1799 (34.0) 1264 (37.4) 535 (27.9) <0.001 1.340 (1.232–1.457) 0

ACS 2090 (39.5) 1454 (43.0) 636 (33.2) <0.001 1.296 (1.203–1.396) 0

Other ischaemic events 204 (3.9) 61 (1.8) 143 (7.5) <0.001 0.242 (0.180–0.325) 0

Prior AMI 1099 (20.9) 776 (23.1) 323 (16.9) <0.001 1.362 (1.211–1.531) 26

Cardiomyopathy 263 (5.1) 201 (6.1) 62 (3.3) <0.001 1.830 (1.385–2.419) 124

Arryhthmia

Atrial flimmer 825 (15.7) 527 (15.7) 298 (15.6) 0.970 1.003 (0.880–1.142) 24

Other 582 (11.0) 373 (11.1) 209 (11.0) 0.886 1.012 (0.862–1.187) 24

Other vascular disease symptoms

Claudication 536 (10.2) 353 (10.5) 183 (9.6) 0.291 1.095 (0.925–1.298) 30

Stroke/TIA 662 (12.6) 413 (12.3) 249 (13.1) 0.429 0.942 (0.814–1.092) 29

Prior cardiovascular operations

Prior PCI 676 (12.8) 480 (14.2) 196 (10.2) <0.001 1.389 (1.188–1.624) 0

Prior CABG 500 (9.4) 396 (11.7) 104 (5.4) <0.001 2.159 (1.753–2.660) 0

Other 186 (3.5) 115 (3.4) 71 (3.7) 0.569 0.919 (0.687–1.229) 2

Prior vascular operations

Lower extremity 184 (3.5) 131 (3.9) 53 (2.8) 0.034 1.402 (1.024–1.919) 20

Other 106 (2.0) 85 (2.5) 21 (1.1) <0.001 2.295 (1.428–3.688) 19

Co-morbidities

Renal disease 234 (4.4) 162 (4.8) 72 (3.8) 0.078 1.276 (0.972–1.674) 2

Malignity 462 (8.7) 269 (8.0) 193 (10.1) 0.009 0.790 (0.663–0.943) 3

Rheumatoid disease 231 (4.4) 97 (2.9) 134 (7.0) <0.001 0.410 (0.318–0.530) 2

Psychiatric disorder 121 (2.3) 59 (1.7) 62 (3.2) <0.001 0.540 (0.380–0.768) 1

Mean� standard deviation is shown for continuous variables (BMI) and number (%) for categorical variables (all others).
Percentage is calculated of those with information available in each group. P-values for difference between men and women
are calculated by Student’s t-test (continuous variables) or chi-square test (categorical variables).
CI, confidence interval; NA, information not available; AMI, acute myocardial infarction; TIA, transient ischaemic attack;
PCI, percutaneus coronary intervention.
a95% CI of the difference in Student’s t-test.
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The main weakness of the study is a collection bias.
The method used rules out patients passing away
before hospitalization. We have overcome this prob-
lem by collaborating with the Department of Forensic
Medicine, where all patients who have died outside
the hospital without diagnosis are autopsied. Also, we
do not get the full picture of coronary disease, be-
cause we do not see the patients left who receive
only conservative treatment. Generalization of the
study findings is limited to White Caucasian subjects.

Another weakness is the self-reported data. We did
not measure patient height, although the weight was
measured. Smoking habit was also based on the his-
tory and therefore ascertained with some error. Other
risk factors such as hypertension, diabetes and dysli-
pidaemia were both self-reported and obtained from
hospital records. The reason for that was to cross-
check self-reported data and to verify its reliability.

A third weakness is in the genome-wide association
study. Our initial plan was to use a case–control
design, which is potentially open to confounding if
risk factor information is collected in a different
way between cases and controls. Now we have the
possibility to overcome this problem by using over
15 000 Finnish individuals from population-based
controls.

Can I get hold of the data?
Where can I find out more?
The Corogene study welcomes proposals for new
collaborations, which should be made to Dr Juha
Sinisalo (juha.sinisalo@hus.f). Specific parts of the
unidentified data can be transmitted to collaboration
partners.

Supplementary Data
Supplementary Data are available at IJE online.
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