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ABSTRACT
Purpose  The Oslo Ischaemia Study was designed to 
investigate the prevalence and predictors of silent coronary 
disease in Norwegian middle-aged men, specifically validating 
exercise electrocardiography (ECG) findings compared with 
angiography. The study has been important in investigating 
long-term predictors of cardiovascular morbidity and mortality, 
as well as investigating a broad spectrum of epidemiological 
and public health perspectives.
Participants  In 1972–1975, 2014 healthy men, 40–59 
years old, were enrolled in the study. Comprehensive 
clinical examination included an ECG-monitored exercise 
test at baseline and follow-ups. The cohort has been 
re-examined four times during 20 years. Linkage to 
health records and national health registries has ensured 
complete endpoint registration of morbidity until the end of 
2006, and cancer and mortality until the end of 2017.
Findings to date  The early study results provided new 
evidence, as many participants with a positive exercise 
ECG, but no chest pain (‘silent ischaemia’), did not have 
significant coronary artery stenosis after all. Still, they 
were over-represented with coronary disease after 
years of follow-up. Furthermore, participants with the 
highest physical fitness had lower risk of cardiovascular 
disease, and the magnitude of blood pressure responses 
to moderate exercise was shown to influence the risk of 
cardiovascular disease and mortality. With time, follow-up 
data allowed the scope of research to expand into other 
fields of medicine, with the aim of investigating predictors 
and the importance of lifestyle and risk factors.
Future plans  Recently, the Oslo Ischaemia Study has been 
found worthy, as the first scientific study, to be preserved by 
The National Archives of Norway. All the study material will be 
digitised, free to use and accessible for all. In 2030, the Oslo 
Ischaemia Study will be linked to the Norwegian Cause of 
Death Registry to obtain complete follow-up to death. Thus, a 
broad spectrum of additional opportunities opens.

INTRODUCTION

"In the 1960s, I remember very well that 
many young men would suddenly fall over 
and die. Autopsy almost always showed mas-
sive coronary atherosclerosis." (Professor 
Jan Emil Erikssen, Oslo, Norway)

The burden of cardiovascular disease 
(CVD) in Norway increased dramatically after 
World War II, especially among men,1 and 
the majority of deaths among middle-aged 
men was due to cardiovascular causes. The 
prevention and treatment of acute myocar-
dial infarctions were not effective at that time. 
Knowledge on CVD aetiology was sparse, but 
it appeared that acute events were preceded 
by years of developing arterial disease. Thus, 
it was important to identify risk factors for 
CVD and develop methods to detect evolving 
disease as early as possible.

The idea that CVD could be predicted 
and possibly prevented, took hold, and the 
hunt for cardiovascular risk factors opened 
a massive research field. Many surveys were 
established, mainly in Europe and the USA, 
where the Framingham Heart Study is the 
most well known.2 Most studies concerned 
patients with existing comorbidities, whereas 
a minority included healthy participants from 
the general population, usually with a limited 
number of variables measured at baseline.

Strengths and limitations of this study

►► A strength of the Oslo Ischaemia Study is the pro-
spective inclusion of initially healthy men from the 
general population with comprehensive examination 
at baseline and follow-ups.

►► The study has high response rates at several repeat-
ed long-term follow-ups.

►► Complete endpoint registration including morbidity 
and causes of death for all participants in the cohort, 
adds to the value of this study.

►► The study is limited by the narrow time window for 
recruitment (early 1970s), weakening the relevance 
for following generations.

►► Only middle-aged Caucasian men were included, 
limiting the generalisability, as the results may be 
different in women and non-Caucasians.
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The Oslo Ischaemia Study is an observational prospec-
tive cohort study, initiated in 1971 at Rikshospitalet, Oslo, 
Norway, by then research fellow Jan Emil Erikssen, MD, 
and professor of cardiology Ole Storstein, MD. The study 
was designed by guidance of the epidemiologist and 
physician Geoffrey Rose at London School of Hygiene 
and Tropical Medicine, who was chair of the planning 
committee of the ‘International Society and Federation 
of Cardiology’ seminars, WHO—population approach 
to heart-disease prevention. At the outset, the study had 
no funding, but was carried out through reallocation of 
internal staff, volunteering and later contributions from 
several collaborative agencies.

The primary aim of the study was to explore the preva-
lence of silent coronary heart disease (CHD) in a cohort 
of healthy, middle-aged Norwegian men from the general 
population, and to gain knowledge about long-term risk 
factors of CHD and other CVD in presumably healthy 
males. In addition, the investigators specifically aimed to 
validate exercise electrocardiography (ECG) findings in 
subjects suspected to have CHD, against invasive coronary 
angiography, the gold standard for evaluation of coro-
nary atherosclerosis. Over the years, new objectives and 
hypotheses have evolved, mainly regarding predictors for 
CVD and mortality, as for instance, blood pressure and 
heart rate responses to exercise, and impact of temporal 
changes in risk factors. In recent years, increased collab-
oration with the Cancer Registry of Norway has widened 
the research field to also include cancer epidemiology.

COHORT DESCRIPTION
Men aged 40–59 years, working at four major govern-
mental agencies (Tele-communication Services, Postal 
Services, Custom and Excise Services, Norwegian State 
Railways) and one private company (Siemens) in Oslo, 
Norway, were invited to participate in a cardiovascular 
health survey, which took place between 28 August 1972 
and 21 March 1975. Only agencies practicing annual or 
biannual health examinations of all their employees were 
chosen for the study. These agencies had employees from 
all social classes and represented both office and factory 
workers. The chief medical officer of each agency and the 
survey leader (JEE) decided eligibility of each possible 
participant after joint scrutiny of health records. Presence 
of any of the following diseases caused primary exclusion: 
known or suspected CVD (angina pectoris, myocardial 
infarction, stroke and/or other heart disease), diagnosed 
hypertension requiring pharmacological treatment, 
diabetes mellitus, thyroid disorders, cancer, advanced 
pulmonary, renal, or liver diseases or other serious disor-
ders. Subjects on long-term pharmacological treatment 
were also excluded, as well as those who for various 
reasons were considered unable to conduct a bicycle exer-
cise ECG test properly (eg, for orthopaedic, neurological 
or muscular reasons). These criteria served to select a 
group of apparently healthy, employed middle-aged men. 

In total, 2341 men fulfilled these criteria and were invited 
to participate in the study.

An a priori sample size calculation estimated the 
number of participants needed to identify risk factors 
of CHD to be minimum 2000, which was expected to be 
feasible within the available space, time and economic 
support of the project.

Survey examinations
The examinations took place between 7:30 and 11:30 
am, and the participants were requested to abstain from 
smoking for at least 8 hours and eating for at least 12 hours 
before the examination. They had to be free from inter-
current illness and any use of medication for the past 14 
days; if not, examinations were postponed at least 14 days. 
Two to four participants were examined each day, as each 
individual’s baseline examination took approximately 
3 hours. Baseline characteristics of the study participants 
are presented in table 1.

The examination consisted of nine steps (figure  1). 
The first step was standardised measurement of height (to 
the nearest 0.5 cm) and weight (to the nearest 0.1 kg). 
In the second step, lung function was assessed by spirom-
etry, measuring the forced vital capacity and forced 
expiratory volume in one second with a calibrated Bern-
stein type bell spirometer (manufactured by a scientific 
instrument maker, Ullevaal hospital, Oslo, Norway), 
and peak expiratory flow with a Wright peak flowmeter 
(Airmed Ltd, Harlow, England).3 4 Spirometry recordings 
were corrected to body temperature and ambient pres-
sure saturated with water vapour, based on daily room 
temperature measurements and assumption of an atmo-
spheric pressure of 760 mm Hg.

In the third step, a biplane chest X-ray was taken, and 
absolute and relative heart volume (mL/m2 body surface 
area) were calculated by a trained radiologist.

The fourth step included blood tests. Blood sampling 
was performed after 5 min rest, with the patient sitting in 
half-supine position. Serum was stored in tightly sealed 
tubes at 4°C until lipid analyses were performed, usually 
on the same or the next day. Table 1 presents details on 
the blood sample analyses. For further reading on assay 
procedures, methods, quality control and standardisation 
procedures, see a previous description.5

An intravenous glucose tolerance test (IVGTT) was 
performed in step five: 25 g glucose (50 mL 50% glucose 
solution) was injected over 2–3 min, via an indwelling 
venous cannula with subjects in a semi-prone position. 
Blood samples for glucose determinations were collected 
just before the glucose injection, immediately after its 
completion, and then, every 10th min for 1 hour. Because 
of reduced work-force, this procedure was changed to 
blood sampling every 15 min for the second half of the 
study population.

Then, in step six, the participants underwent a clinical 
interview and full clinical examination. General patient 
characteristics were registered, and participants were 
asked about previous and family history of diseases, 
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Table 1  Baseline characteristics of the study cohort (1972–1975 examination), n=2014

Order Type of examination Examples of variables recorded N* Mean (SD) or %†

1 Anthropometry Height (cm) 2014 176.7 (6.2)

Weight (kg) 2014 76.8 (9.9)

Body mass index (kg/m2) 2014 24.6 (2.8)

2 Spirometry Vital capacity (mL) 1999 4448 (811)

Forced expiratory volume in 1 s (mL) 1999 3439 (745)

Peak expiratory flow (L/min) 2012 522 (88)

3 X-ray Absolute heart volume (mL) 1720 775 (134)

Relative heart volume (mL/m2) 1984 403 (59)

4 Fasting serum blood tests Erythrocyte sedimentation rate (mm/hour) 2011 5 (3–9)†§

Total cholesterol (mmol/L) 2014 6.7 (1.2)

High-density lipoprotein (mmol/L) 1678 1.5 (0.35)

Triglycerides (mmol/L) 2014 1.2 (0.9–1.6)†§

Potassium (mmol/L) 2006 4.3 (0.35)

Sodium (mmol/L) 1906 141 (3.5)

Calcium (mmol/L) 1911 2.4 (0.1)

Creatinine (µmol/L) 2011 82.2 (13.6)

Glucose (mmol/L) 2005 4.5 (0.56)

5 Intravenous glucose 
tolerance test

Blood glucose 10 min after injection (mmol/L) 946 11.7 (1.3)

Blood glucose 60 min after injection (mmol/L) 1932 5.1 (1.4)

6 Anamnesis and 
questionnaires

Age at examination (years) 2014 49.8 (5.5)

Number of siblings 2014 3.3 (2.5)

Smoking (never/former/current) (%) 2014 25/31/44

Leisure time physical activity (none/not 
strenuous/strenuous) (%)

2014 14/72/14

Occupational physical activity (sedentary/
moderate/strenuous) (%)

2014 53/36/11

Weight change since age 25 (lower/<5 kg 
higher/5–<10 kg higher/≥10 kg higher) (%)

2014 11/39/25/25

Family history of coronary heart disease (%) 2014 23

7 Clinical examination Resting systolic blood pressure (mm Hg) 2014 130 (18)

Resting diastolic blood pressure (mm Hg) 2014 87 (10)

Resting respiratory rate (bpm) 2014 14.3 (3.4)

Resting heart rate (bpm) 2014 61 (9.7)

8 Auscultation and ECG 
findings

Systolic murmur (no/low/moderate grade) (%) 2014 76/22/2

PQ interval (msec) 2011 172 (25)

ST depression  >0.5 mm (%) 2014 13

9 Bicycle exercise test Systolic blood pressure at 100 W (mm Hg) 2014 182 (24)

Maximal systolic blood pressure (mm Hg) 2014 216 (22)

Maximal heart rate (bpm) 2014 163 (14)

Physical fitness (kJ/kg) 2014 1.4 (0.56)

Reason for test termination (fatigue/impaired 
breathing/exhaustion/other reasons) (%)

2014 18/9/68/5

*Number of men with available information.
†Figures are given as proportion if categorical data or mean with SD if continuous data.
§, Median (25th to 75th percentile).
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symptoms of disease (such as chest pain), smoking habits, 
physical activity and weight change during the preceding 
years. Furthermore, all participants were interviewed 
using a questionnaire on cough and phlegm with four 
questions from the British Medical Research Council 
(MRC) respiratory questionnaire6 and two items on 
breathlessness from the MRC dyspnoea questionnaire.7

On arrival for the examination, all subjects filled out 
the WHO Questionnaire (WHO-Q), and the answers 
were checked according to accepted procedures.7 All 
participants who answered ‘yes’ to the first two questions 
in the WHO-Q were also tested with the Greater New York 
Insurance Plan Survey Questionnaire (NY-Q) for angina 
pectoris.8 The NY-Q also applied to all individuals who 
had other signs or symptoms of suspect CHD.

In step seven, blood pressure to the nearest even 2 mm Hg 
was measured manually with a calibrated mercury sphyg-
momanometer after 5 min rest in the supine position in 
a quiet room. The same physician (JEE) performed all 
measurements in all participants. Korotkoff sound phase 
5 defined the diastolic blood pressure. Blood pressure 
was measured three times, and the first measurement 
established the approximate pressure level. The second 
and third measurements followed a careful procedure 
with first elevating the arm for venous draining, and then 
lowering the arm with measurements during inspiration 
followed by relaxed expiration. There was a small system-
atic fall in blood pressure from the first to the second 
reading, and then, on average, a minimal rise (<1 mm Hg) 
from the second to the third reading. The second reading 
was therefore considered to be the lowest recording, and 
has been used as the baseline value. Resting heart rate was 
counted after the blood pressure measurement, by heart 
rate auscultation for exactly 1 min (using a stopwatch). 
Immediately thereafter, the respiratory rate was counted 
similarly for 1 min.

After a complete physical examination, phonocardi-
ography was performed to register the characteristics of 
heart sounds and murmurs (step eight). Then, a supine 
12-lead ECG was recorded after another 5 min of rest, and 

resting heart rate was additionally measured from these 
ECGs. Various ECG variables were defined, see examples 
in table 1.

In the last step, an exercise test was performed under ECG 
monitoring using an electrically braked bicycle (Elema-
Schönander AB, Solna, Sweden). The test was initiated 
at 600 kpm/min (98 W), and the workload was increased 
by 300 kpm/min every 6 min. All men were encouraged 
to exercise until exhaustion, or infrequently, until termi-
nation by the investigator for safety reasons. Only 15 men 
were unable to proceed from the initial to the second 
workload at the baseline examination. Submaximal 
termination—mainly due to chest pain, ST-depression, 
brief arrhythmias or patients ‘unwilling to continue’—oc-
curred in 91 men.9 Systolic blood pressure was measured 
after 1, 3 and 5 min on each workload and immediately 
prior to test termination. ECG was recorded at 2, 4 and 
6 min on all loads while sitting on the bicycle, immedi-
ately prior to test termination and thereafter recumbent 
at 1 min after exercise. Heart rate recovery was measured 
1 and 5 min after end of exercise. Total work capacity was 
the sum of work performed at all workloads, and physical 
fitness was defined as total work capacity divided by body 
weight.10

Several sub-studies were performed during the inclu-
sion period. (1) Thrombocyte function and coagula-
tion properties were assessed in a random sample of the 
second half of the study population (n=150);11 (2) high-
density lipoproteins and immune-reactive insulin was 
determined in a sub-sample of individuals (n=269) in the 
latter part of the study period when the glucose values 
were measured every 15 min;12 (3) haematocrit measure-
ments were performed in every second participant in the 
second half of the study period (n=488).13 14

Study participants received medical care and treatment 
by their general physicians when indicated. Suspicion 
of CHD was based on the following criteria: (1) WHO-
questionnaire on angina pectoris positive on interview, 
(2) typical angina during a near maximal bicycle exer-
cise test, (3) a positive exercise ECG during and/or after 

Figure 1  Baseline examination outline for one subject during the examination day. ECG, electrocardiography.
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exercise, (4) ST-segment depression on resting ECG. 
All individuals suspected of having CHD, underwent a 
repeated exercise test within 2 weeks and coronary angi-
ography was performed within 2–3 months after the first 
examination in 91% of the participants with suspected 
CHD.15

As a primary prevention advice, all the individuals were 
urged to quit smoking, be physically active and to avoid 
weight gain. Otherwise, no active life style intervention 
was performed.

Follow-up
At baseline, 2014 (86%) among the 2341 eligible men 
qualified for and agreed to participate (figure 2). Individ-
uals alive in 1979–1982 were invited to a 7-year follow-up 
examination, survey 2, where 1758 (91%) of the invited 
1922 men participated. A third survey was conducted in 
1989–1990, in which 1456 (86%) of the 1690 men who 
were still alive, participated. A last re-examination, survey 
4, was conducted in 1994–1995, where 1193 (83%) of the 
1435 invited men participated. The consecutive re-exam-
inations were almost identical to the baseline examina-
tion, although the number of blood tests was reduced 
and the IVGTT was not repeated. Dedicated investigators 
from the study group closely supervised by the leader of 
the survey (JEE) performed the re-examinations.

In 1987, a postal questionnaire on morbidity and medi-
cation had a participation rate of 98.5% among the men 
alive. Every Norwegian resident has, since 1960, been 
assigned a unique personal identification number. This 
facilitates linkage of information from several indepen-
dent sources, and is the main reason for the low loss to 
follow-up in this study.

Two nationwide searches of hospital records were 
performed in 1995–1999 and 2005–2007 (figure  2). 

Updated morbidity data were obtained by manual scrutiny 
of hospital medical records for all participants who had 
been admitted to any Norwegian hospital (between the 
end of survey 1 and 1 January 2007). Data were obtained 
from all available sections in the journals (eg, history, 
ECG readings, outpatient notes and letters from general 
practitioners). In Norway, by law, all citizens have equal 
access to hospital care free of charge, hence reducing 
bias due to difference in health-seeking behaviour based 
on economic inequality. The Norwegian Cause of Death 

Figure 3  Cases and cumulative incidence of cardiovascular 
disease†, cancer and death over 45 years follow-up in initially 
healthy middle-aged men. †Cardiovascular diseases included 
fatal or non-fatal myocardial infarction, angina pectoris, 
heart failure, ischaemic or haemorrhagic stroke, transitory 
ischaemic attack, abdominal aortic aneurysm, claudicatio 
intermittens and revascularised peripheral artery disease. 
This follow-up ended on 1 January 2007.

Figure 2  Flowchart of clinical examinations and follow-ups in the Oslo Ischaemia Study. Complete endpoint registration for 
morbidity to 1 January 2007†, and for cancer and total mortality to 31 December 2017‡.
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Registry contains information on all recorded deaths of 
Norwegian citizens living in Norway at time of death since 
1 January 1951, and provided mortality data in the form of 
International Classification of Diseases, ninth and tenth 
revision (ICD-9 and ICD-10 codes), until end of 2006. All 
death certificates were scrutinised and quality-controlled.

In 2014, the cohort was linked to the Cancer Registry 
of Norway. Updated information on vital status (eg, date 
of death and migration) and cancer incidence by the end 
of 2012 was obtained. The Cancer Registry comprises 

information on date of diagnosis, cancer site (ICD-10 
code), morphology and stage. The Cancer Registry has 
stored data on all malignant diseases diagnosed in the 
Norwegian population since 1953. Mandatory reporting 
to the Registry from several independent sources ensures 
completeness and high data quality.16 In 2019, the cohort 
was again linked to the Cancer Registry and the Cause 
of Death Registry. Updated information on cancer inci-
dence, vital status and cause of death was obtained up to 
the end of 2017. By the end of follow-up, 1075 (53%) men 

Table 2  Brief overview of publications in the Oslo Ischaemia Study

Theme Description of main findings Ref. no*

Latent and future CHD Comprehensive results on predictors for CHD and possible impact of physical 
fitness, as well as works on reliability of exercise ECG and CHD questionnaires

S1–30

Exercise ECG Small ST-depressions predict CVD, whereas rapid up-sloping ST-segment and 
P wave terminal force do not. Repeated exercise ECG testing provides more 
comprehensive information on CHD than single testing

S21–25,
S31–36

Exercise blood pressure and 
CVD risk, and predictors of 
exercise blood pressure

High systolic blood pressure at a moderate workload is associated with 
increased CVD in general, and specifically CHD, independent of resting systolic 
blood pressure and possibly with a linear relationship

S26–30,
S37–44

Other risk factors of CVD Physical fitness, blood pressure, haematocrit, erythrocyte sedimentation rate 
and cholesterol level are independent predictors of cardiovascular death. 
Fasting blood glucose: an underestimated risk factor for cardiovascular death

S45– 54

Atrial fibrillation Even a high normal baseline blood pressure and a marked vagal activity, 
represented by low heart rate during moderate exercise, was associated with 
atrial fibrillation. Physical fitness is protective against atrial fibrillation

S55–57

Stroke Systolic blood pressure at maximal work load, weight gain during early adult 
life, but not in mid-life, is associated with increased risk of stroke. Change in 
fitness level is associated with change in stroke risk

S58–60

Metabolic disease Fasting blood glucose, blood glucose elimination rate and triglycerides predict 
DM2 in healthy men with normal fasting blood glucose. Maternal, but not 
paternal history of DM2 is also an independent predictor of DM2

S61–64

Heart: rate, volume and 
sounds as predictors

Heart rate reserve and exercise-induced maximal heart rate predict 
cardiovascular mortality. Large heart volumes in untrained men predict 
cardiovascular mortality. Forth heart sound has little prognostic value as a 
screening tool in healthy individuals

S65–72

Pulmonary symptoms and 
disease

Lung function in smokers had predictive value beyond pulmonary disease, 
as it associated with all-cause mortality. Respiratory symptoms, such as 
breathlessness and phlegm, were independent predictors of long-term mortality

S73–77

Longevity and all-cause 
mortality

Smoking, overweight and physical fitness are strong and independent 
predictors of longevity

S78–83

Cancer High physical fitness is related to lower cancer risk, cancer mortality and case 
fatality. Improved physical fitness during follow-up was associated with lower 
cancer incidence and mortality. Serum potassium level was positively and 
linearly related to cancer risk. Men with rapid elimination of plasma glucose had 
higher cancer risk, and low cholesterol may be associated with increased risk of 
prostate cancer

S83–89

Methodology There are significant seasonal variations in physical fitness during the year. 
Exercise test termination criteria, questionnaires and order of examination may 
impact study results. Poor correlation between measured physical fitness and 
questionnaire-obtained occupational and leisure-time physical activity levels

S54,
S89–94

Other Smoking increases ‘platelet adhesiveness’ in a dose-dependent manner S95–97

*Reference number refers to overview of articles in online supplemental table 1.
CHD, coronary heart disease; CVD, cardiovascular disease; DM2, diabetes mellitus type 2; ECG, electrocardiography.
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have been diagnosed with CVD, 838 (42%) with cancer, 
and 1756 (87%) have died (figure 3).

Patient and public involvement
There was no patient or public involvement in this study.

FINDINGS TO DATE
Analyses of the data from the Oslo Ischaemia Study have 
been presented in about 100 original research articles, 
and in numerous conference presentations. Results from 
the Oslo Ischaemia Study have significantly contributed 
to the understanding of cardiovascular epidemiology. A 
dozen ScD or PhD fellows have used data from the Oslo 
Ischaemia Study in their thesis.

Early study results revealed new and important insights 
in the field of silent ischaemia. A heavily cited 1976 publi-
cation in Circulation showed that one-third of presum-
ably healthy males with a positive exercise ECG (ie, silent 
ischaemia), in fact, did not have significant stenosis in 
their coronary arteries.15 This was the second publication 
of its sort globally, but with stronger power than the study 
by Froelicher et al.17 A 7-year follow-up of these so-called 
false-positive ECG findings revealed, however, that a large 
proportion of these men by then had developed heart 
disease,18 which prompted an invited review article in 
Circulation—‘False positive exercise ECG: a misnomer’.19 
Later, results from the Oslo Ischaemia Study showed 
that a mere 0.5 mm ST-depression on an exercise ECG 
was associated with significantly increased incidence of 
CVD, thereby challenging concurrent guidelines, and 
the common finding of a rapid upsloping ST-segment 
was shown to associate with reduced risk of fatal CHD 
compared with a normal ST-segment.20 21

The study has provided substantial results in estab-
lishing exercise blood pressure as a predictor for CVD. 
Erikssen et al started in 1980 with an attempt to discover 
normal blood pressure responses to exercise.22 With 
increasing follow-up time, the association grew stronger, 
and after 21 years of follow-up, moderate workload exer-
cise systolic blood pressure was associated with a 1.4-fold 
(CI 1.1 to 1.9) increased risk of cardiovascular mortality 
per 2SD increase, which was essentially in the same 
range as for resting systolic blood pressure.23 Evidence 
emerged supporting the assumption that resting and 
exercise blood pressure independently predicted CVD 
and mortality, and it now seems that moderate workload 
exercise blood pressure is linearly associated with coro-
nary disease, independently from and in a similar manner 
as resting blood pressure.24 In contrast, systolic blood 
pressure at maximal workload is associated with stroke 
risk,25 and latest research from Oslo Ischaemia Study also 
shows a J-shaped association between increase in systolic 
blood pressure at maximal exercise from resting condi-
tions and risk of stroke.26 This has led to the hypothesis 
that elevated blood pressure at moderate stress increases 
coronary disease, whereas an exaggerated blood pressure 

response to maximal stress increases risk of cerebral 
stroke.

Also other parameters derived from the exercise test 
have provided useful information. Low heart rate at 
moderate workload, as a marker for increased vagal tone, 
predicts atrial fibrillation in our cohort.27 Two hundred 
and seventy participants (13%) developed atrial fibrilla-
tion during follow-up, and participants with heart rate 
less than 100 beats per minute at 100 W workload, had 
60% increased risk of atrial fibrillation compared with 
participants with heart rate equal to or above 100 beats 
per minute at same workload.

Due to extensive data collection and thorough 
follow-up through many years, the Oslo Ischaemia Study 
has contributed to several other fields of research beyond 
silent ischaemia and CHD. Findings in this cohort also 
challenged the validity of the proposed Stage 0 of the 
Global Initiative for Chronic Obstructive Lung Disease, 
which later has been abandoned,28 and forced expira-
tory volume during first second of expiration has proved 
predictive values beyond pulmonary disease in smokers, 
as it is associated with all-cause mortality. Results from 
the Oslo Ischaemia Study shows 8% increase in all-cause 
mortality with a 10% decrease in percentage of predicted 
forced expiratory volume during first second of expira-
tion (FEV1 %).29

Along with a handful other research groups glob-
ally, the Oslo Ischaemia Study has been instrumental in 
defining the implications of objectively measured phys-
ical fitness on short-term and long-term cardiovascular 
health, and specifically, on the ability of physical fitness, 
as measured by an exercise test, to predict future health 
in a presumably healthy male population. The definition 
of physical fitness used in the study is uncommonly used 
today. However, the method used in Oslo Ischaemia Study 
has shown a close correlation to maximal oxygen uptake 
during exercise, the gold standard of physical fitness, and 
was considered the most feasible method.30 In 1982, the 
study showed an association of low physical fitness and 
heightened risk of death,31 which was followed by a much-
cited publication on the association of low fitness and 
long-term mortality,10 and a publication on high fitness 
and increased longevity.32 More recently, with repeated 
examinations and exercise tests, the study has shown that 
temporal change in fitness levels, between baseline and 
the first follow-up visit, was associated with CVD death,33 
but also that the impact of physical fitness at baseline, 
declines with time.34 Still, improving physical fitness in 
mid-life halves the risk of stroke compared with those 
remaining unfit throughout life, and reducing physical 
fitness in mid-life doubles the risk of stroke compared 
with those remaining fit throughout their whole life, 
suggesting that one cannot rest on one’s laurels when it 
comes to fitness.35

As more outcome data became available, and link-
ages to national health registries were performed, the 
scope of research questions expanded to diseases such as 
diabetes mellitus36 and cancer.37 38 Also improved physical 
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fitness during follow-up was associated with lower cancer 
incidence and mortality.37 The half of the men with the 
fastest elimination of plasma glucose after an intrave-
nous glucose load had an elevated 60% risk of cancer 
compared with the other half.38

A brief overview of the publications from the study is 
given in table 2, and a comprehensive list of publications 
is presented in online supplemental table 1.

STRENGTHS AND LIMITATIONS
The Oslo Ischaemia Study has a prospective study design, 
strict inclusion criteria of presumably healthy individ-
uals and high response rates. The cohort was compre-
hensively examined both at baseline and at repeated 
follow-up examinations that span over decades. The long-
term follow-up with complete endpoint registration was 
enabled through high-quality national registries. The 
participants were both office and factory workers that 
were considered representative of the healthy, working 
male population of Norway. Furthermore, the cohort 
was representative of the age groups of men within the 
given time period, with regard to cancer incidence in 
their counties of residence.39 The unique and mandatory 
personal identification number given at birth enables 
linkage to several national health registries (eg, the 
Norwegian Patient Register) which allows us to examine 
a range of novel research questions. Limitations include 
the restricted sample size, and that the cohort comprises 
only presumably healthy Caucasian men in their middle 
age at inclusion in the early 1970s, and is not a cross-
sectional sample. Also a ‘healthy worker-effect’ may cause 
some bias in this cohort. Hence, the results cannot be 
generalised to men of today with a different ethnicity, or 
be extrapolated to women.

COLLABORATION
The study has facilitated cooperation between various 
professionals and fields of medicine, and across national 
borders.40–42 Future collaborations are appreciated. The 
Oslo Ischaemia Study data is administrated by the Oslo 
University Hospital. All research projects using data from 
the Oslo Ischaemia Study need to be approved by the 
regional committees for medical and health research 
ethics in Norway. Further information about the Oslo 
Ischaemia Study is available at wwwosloischemiastudyorg.
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