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Birth weight in offspring and 
cardiovascular mortality in their 
parents, aunts and uncles: a family-
based cohort study of 1.35 million 
births
F Shaikh1 , M Karoline Kjollesdal1 , D Cars-
lake2, C Stoltenberg3 , G Davey Smith2 , O 
Naess1 , 1University of Oslo - Oslo - Norway 
, 2University of Bristol - Bristol - United 
Kingdom of Great Britain & Northern Ireland 
, 3Norwegian Institute of Public Health - Oslo 
- Norway , 
Introduction: A link between suboptimal fetal 
growth and higher risk of adult cardiovascular 
disease (CVD) has been demonstrated within 
individuals and across generations in several 
populations. Common genetic factors may be 
responsible for this association, but it has been 
difficult to assess the contribution of behavioral/
environmental verses genetic factors because 
within nuclear families these factors are closely 
linked. 
Aim: To investigate if the association observed 
between offspring birth weight and parental CVD 
mortality can also be observed with respect to 
the aunts and uncles of the offspring, and investi-
gate whether these associations are explained by 
well-known CVD risk factors. 
Methods: We linked Norwegian data from mul-
tiple cardiovascular surveys, the Medical Birth 
Registry, the Cause of Death Registry and the 
Education Registry to create a cohort. Parents’ 
siblings were identified by a multigenerational 
database, using unique personal identity num-
bers. The final dataset comprised of 1,353,956 
births (1967-2012) linked to both parents and 
one maternal and one paternal sibling (i.e. aunts/
uncles of the proband births). Associations bet-
ween offspring birth weight and CVD mortality 
among parents and aunts/uncles were assessed 
by hazard ratios (HR) from Cox regressions. The 
possible influence of CVD risk factors on the 
association was assessed in a subgroup for which 
risk factor data were available from the health 
surveys. 
Results: Offspring birth weight was inversely 
associated with CVD mortality among their 
parents and their aunts /uncles. HR of CVD mor-
tality for 1-SD increase in offspring birth weight 
was 0.72 (0.69-0.75) in mothers and 0.89 (0.86-
0.92) in fathers. In aunts/uncles, the HR were 
between 0.90 (0.86-0.95) and 0.93 (0.91-0.95). 
Adjustment for education attenuated the asso-

ciations in parents, aunts and uncles. Adjustment 
for CVD risk factors and education in a subgroup 
attenuated all the associations. 
Conclusion: We show that offspring birth weight 
was associated with increased risk of CVD in 
parents and in aunts/uncles, and these associa-
tions were influenced by CVD risk factors. The 
strong association in mothers suggests an intra-
uterine effect which may be genetic or environ-
mental. Our study emphasizes the importance of 
shared environmental factors on birth weight and 
CVD association along with genetic factors.

Mortality following first-time hos-
pitalization with acute myocardial 
infarction in Norway, 2001-2014: 
time trends, underlying causes and 
death setting
G Sulo1 , J Igland2 , S Overland1 , E Sulo3 , GM 
Egeland4 , SE Vollset5 , GS Tell2 , 1Norwegian 
Institute of Public Health - Bergen - Norway 
, 2University of Bergen, Department of Public 
Health and Primary Health Care - Bergen - 
Norway , 3Haraldsplass Diakonale Hospital 
- Bergen - Norway , 4Norwegian Institute of 
Public Health, Department of Health Regis-
tries - Bergen - Norway , 5National Institute of 
Health (Home) - Washington - United States of 
America, On behalf: CVDNOR Project
Background: Acute myocardial infarction (AMI) 
is a well-defined, life-threatening condition that 
requires immediate treatment and is associated 
with considerable mortality and disability rates.
Purpose: To explore trends in 28-day and one-
year mortality (by underlying case and death 
setting) following first-time hospitalization with 
an incident acute myocardial infarction (AMI) in 
Norway 2001-2014.
Methods: Information on hospitalizations was 
obtained from the Cardiovascular Disease in 
Norway Project. Information on deaths (underly-
ing cause and death setting - in hospital versus 
outside a hospital) was obtained from The Cause 
of Death Registry. Trends in mortality were analy-
zed using Cox proportional hazards models and 
results expressed as average annual changes in 
rates over the study period. 
Results: Of 176 320 subjects [mean (SD) age, 
72.3 (13.9) years; 61.0% men] included in the 
study, 14.5% died within 28 days of AMI admis-
sion. The 28-day mortality declined by 4.6% 
per year (Ptrend<0.001). Of the 141 139 patients 
surviving first 28 days, 12.8% died within one 
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year of AMI admission. Cardiovascular disease 
(CVD) mortality declined by 5.8% per year while 
non-CVD mortality increased by 1.2% (both 
Ptrend<0.001), mainly influenced by increasing 
risk of dying due to neoplasms (1.3% per year), 
respiratory conditions (1.9% per year) and infec-
tious diseases (3.7%) (all Ptrend<0.001). 
Analyses stratified by death setting revealed a 
decline by 4.7% and 0.8% per year in the risk 
of dying in a hospital or outside of a hospital, 
respectively (both Ptrend<0.001). 
Over the study period, we observed a shift 
toward more non-CVD deaths, and deaths 
occurring outside hospitals, especially in nursing 
homes. 
Conclusions: We observed a continuous decline 
in 28-day mortality following an incident AMI 
in Norway during 2001-2014. Longer-term 
mortality declined for CVD while increasing for 
non-CVD conditions. In-hospital declined more 
than out-of-hospital mortality.

Estimated cardiorespiratory fit-
ness and risk of atrial fibrillation: 
the HUNT study
LE Garnvik1 , Vegard Malmo1 , Imre Janszky2 , 
Ulrik Wisloeff1 , Jan Paal Loennechen1 , Bjarne 
Nes1 , 1Norwegian University of Science and 
Technology, Department of Circulation and 
Medical Imaging - Trondheim - Norway , 2Nor-
wegian University of Science and Technology, 
Department of Public Health and Nursing 
- Trondheim - Norway, On behalf: Cardiac 
Exercise Research Group
Introduction: Atrial fibrillation (AF) is the most 
common heart arrhythmia and is associated with 
increased morbidity and mortality. Obtaining 
high levels of cardiorespiratory fitness (CRF) 
may protect against AF development, but is not 
feasible to measure directly in a large population. 
However, nonexercise prediction models offers a 
viable option for estimating CRF (eCRF). 
Purpose: To investigate the association between 
(1) eCRF and AF, and (2) long-term change in 
eCRF and AF. 
Methods: We prospectively followed 39 844 
men (44.7%) and women (55.3%) from HUNT3 
(2006-08) until first onset of AF diagnosis or 
end of follow up in 2015. AF diagnosis were col-
lected through hospital registers. We performed 
cox proportional hazard regression to assess 
the association between eCRF in HUNT3, as 
well as change in eCRF from HUNT2 (1995-97) 
to HUNT3, and AF incidence. Two previously 
published nonexercise prediction models were 
used to calculate eCRF in HUNT2 and HUNT3, 
respectively. eCRF were divided into quintiles, 
with the 1st quintile set as reference. Change in 
eCRF were categorized according to being below 

or above the median in HUNT2 and HUNT3, 
yielding four groups: (1) persistently below (ref.), 
(2) above to below, (3) below to above, and (4) 
persistently above. 
Results: Higher levels of eCRF were associated 
with lower risk of AF. The highest risk reduction 
was 31% for men (4th quintile, HR 0.69, 95% CI 
0.53-0.89) and 47% for women (5th quintile, HR 
0.53, 95% CI 0.38 - 0.74), respectively. Partici-
pants with eCRF below median at HUNT2 and 
above at HUNT3 had 30% reduced risk of AF 
compared to those who were persistently below, 
(HR 0.70, 95% CI 0.55 - 0.91 both sex combi-
ned). Being persistently above median at both 
HUNT2 and HUNT3 were associated with 18% 
lower risk (HR 0.82, 95% CI 0.69 - 0.98). 
Conclusions: Higher levels of eCRF is associated 
with lower risk of AF. Participants with the lowest 
decline in eCRF during a 10-year period were 
least likely to experience future AF events.

Time trends in incidence rates of 
total, ischemic and haemorrhagic 
stroke in Norway 2001-2014 using 
national administrative data from 
the CVDNOR project
I Ariansen1 , J Igland2 , H Ellekjaer3 , G M 
Egeland4 , G S Tell2 , G Sulo5 , R Selmer1 , 1Nor-
wegian Institute of Public Health, Department 
of Chronic Diseases and Ageing - Oslo - Nor-
way , 2University of Bergen, Department of 
Global Public Health and Primary Care - Ber-
gen - Norway , 3St Olavs Hospital, Stroke Unit, 
Department of Internal Medicine - Trondheim 
- Norway , 4Norwegian Institute of Public 
Health, Department of Health Registries - Ber-
gen - Norway , 5Norwegian Institute of Public 
Health, Department of Health Promotion and 
Centre for Disease Burden - Bergen - Norway , 
Introduction: Diverging stroke incidence rates 
have been reported in Northern European coun-
tries over the last decades. In Norway, national 
trends of stroke incidence are unknown. 
Purpose: We estimated time trends in incidence 
(first time) of fatal and non-fatal ischemic stroke, 
haemorrhagic stroke, subarachnoid bleeding and 
unspecified stroke in the period 2001-2014, by 
sex and age group. 
Methods: Nationwide hospital discharge diagno-
ses in the CVDNOR database and in the National 
Patient Registry were linked to the National 
Cause of Death Registry. All hospitalizations 
with stroke as main or secondary diagnosis and 
out-of-hospital deaths with stroke as underlying 
cause for individuals = 25 years were obtained 
during 1994-2014. Incident stroke was defined 
as hospitalization or out-of-hospital-death due to 
stroke with no prior hospitalization for stroke or 
stroke sequela during the previous seven years. 
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Age adjusted incidence rate ratios (IRR) per year 
were estimated by Poisson regression analyses. 
We used direct standardization against the 2001 
Norwegian population. 
Results: During 44,633,176 person-years of fol-
low up from 2001 to 2014, we identified 156,041 
incident fatal or non-fatal total stroke cases, of 
which 71 % were ischemic, 12% haemorrhagic, 
4% subarachnoid haemorrhages and 12% unspe-
cified. From 2001 to 2014, age-standardized 
incidence of total stroke declined from 476 to 
341 cases per 100 000 person-years among men 
and from 344 to 239 among women. Incidence 
rates of total and ischemic stroke declined in 
individuals 45 years and older. Incidence rates 
of ischemic stroke increased by 2% per year in 
men 25-44 years, IRR (95% CI) 1.02 (1.00, 1.02), 
p=0.001. Incidence rates of haemorrhagic stroke 
decreased in the age group 45-84 years and 
increased by 2 % per year in men 85 years and 
older, IRR 1.02 (1.00, 1.03), p=0.009. 
Conclusion: Total stroke incidence rates declined 
from 2001 to 2014 in the Norwegian adult popu-
lation 45 years and older. Increased incidence 
rates of ischemic stroke in men below 45 years 
and of haemorrhagic stroke in men 85 years and 
older are worrying and need further investigation.

Intake of vitamin K and risk of 
coronary heart disease in middle-
age adults. The Hordaland Health 
Study (HUSK).
T R Haugsgjerd1 , G M Egeland2 , O K Nygaard3 
, J Igland1 , G Sulo2 , V Lysne4 , K J Vinknes5 , G 
S Tell1 , 1University of Bergen, Department of 
Global Public Health and Primary Care - Ber-
gen - Norway , 2Norwegian Institute of Public 
Health - Bergen - Norway , 3Haukeland Uni-
versity Hospital, Department of Heart Disease 
- Bergen - Norway , 4University of Bergen, 
Centre for nutrition, Department of Clinical 
Science - Bergen - Norway , 5University of Oslo, 
Institute of Basic Medical Science, Faculty of 
Medicine - Oslo - Norway , 
Introduction: Vitamin K is a fat-soluble vitamin 
that occurs naturally in two forms. Vitamin K1 
(phylloquinone) from plants and vitamin K2 
(menaquinones) primarily from bacteria. A role 
of vitamin K in the regulation of vascular calci-
fication is known, however, the association of 
dietary vitamin K1 and vitamin K2 with coronary 
heart disease remain unclear. 
Purpose: To study the prospective association of 
intake of vitamin K1 and vitamin K2 with coro-
nary heart disease (CHD) in a population with 
community-living middle-aged adults. 
Methods: We followed participants in the 
community-based Hordaland Health Study, 
Norway (N=2987, age 46-49 years) from 1997-

99 through 2009. Baseline diet was assessed by 
a past-year food frequency questionnaire. The 
associations between energy adjusted residuals 
of vitamin K1 and vitamin K2 intake and CHD 
were evaluated, using the lowest quartile (Q1) 
as the reference. Information on incident (first) 
CHD, defined as fatal or non-fatal CHD (ICD10 
codes I20-I25) was obtained from the Cardiovas-
cular Disease in Norway (CVDNOR) database. 
Multivariable Cox regression estimated hazard 
ratios (HRs) and 95% confidence intervals (CIs). 
To test for linear trends across quartiles, median 
within each quartile group was used as the 
independent variable in the analyses. Analyses 
were adjusted for age, sex, total energy intake, 
physical activity, smoking, hypertension, glucose 
intolerance, total cholesterol and nutrient intake. 
Results: During a median follow-up of 10.9 years, 
we documented 112 incident CHD cases. In a 
model adjusted for age, sex, total energy intake, 
physical activity, smoking, hypertension, glucose 
intolerance, total cholesterol and intake of carbo-
hydrates, folate and fiber, there was no associa-
tion between intake of vitamin K1 and CHD [HR 
Q4 vs Q1 = 0.82 (95% CI:0.44-1.50), p-trend = 
0.888]. After adjusting for age, sex, total energy 
intake, physical activity, smoking, hypertension, 
glucose intolerance, total cholesterol and intake 
of saturated fat and calcium, there was a decrea-
sed risk of CHD with a higher intake of vitamin 
K2 [HR Q4 vs Q1 = 0.47 (95% CI: 0.23-0.97), 
p-trend = 0.047]. 
Conclusion: In this Norwegian population we 
observed that intake of vitamin K2 was associa-
ted with decreased risk of CHD, while there was 
no association between intake of vitamin K1 and 
CHD.

Secondary prevention target achie-
vement after myocardial infarction 
among women and men with and 
without diabetes: a population-
based study
L Hopstock1, PL Langholz1 , S Grimsgaard1 , 
ML Løchen1 , I Njølstad1 , 1UiT The Arctic Uni-
versity of Norway, Department of Community 
Medicine - Tromsø - Norway , 
Background: Despite the known advantages of 
secondary prevention after myocardial infarc-
tion and current emphasis on use of guidelines, 
treatment targets are frequently not achieved, 
increasing the risk of recurrent cardiovascular 
events. Patients with diabetes mellitus are at 
particular high risk of cardiovascular disease pro-
gression and premature death. Thus, there is a 
need for investigating post myocardial infarction 
treatment target achievement among patients 
with diabetes. 
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Purpose: To investigate treatment target achieve-
ment after myocardial infarction among women 
and men with and without diabetes, using a 
population-based sample. 
Methods: Among 21083 participants from a 
cross-sectional population survey conducted in 
2015-16 (participation rate 65%), 157 women 
and 539 men aged 40-95 years reported preva-
lent myocardial infarction, and among these the 
diabetes prevalence was 16% in both sexes. We 
investigated post myocardial infarction medi-
cation use, smoking, body mass index, physical 
activity, blood pressure-, serum LDL choleste-
rol- and HbA1c levels in women and men in two 
age groups (40-64 and 65+ years) according to 
current guidelines for secondary prevention of 
myocardial infarction, in groups of diabetes sta-
tus, with chi-square test for differences between 
groups. 
Results: In total, prevalence of non-smoking, 
body mass index<25 kg/m2 and leisure-time 
physical activity>sedentary was 87% and 88%, 
14% and 21%, and 66% and 82%, among the 
diabetic and non-diabetic participants, respec-
tively. Further, 35% of the diabetic and 62% of 
the non-diabetic participants had blood pressure 
levels below 130/80 mmHg and 140/90 mmHg, 
respectively. LDL cholesterol below 1.8 mmol/L 
was found in 14% and 10% of the diabetic and 
non-diabetic participants, respectively. A total of 
77% and 64% used antihypertensives, and 90% 
and 88% used lipid-lowering drugs, among the 
diabetic and non-diabetic participants, respec-
tively. Among the diabetic participants, 56% 
had HbA1c levels below 7.5%, and 85.5% used 
antidiabetics. Statistically significant differences 
among diabetic and non-diabetic participants 
were found for blood pressure (p<0.001), 
physical activity (p<0.001) 
and use of antihypertensives 
(p=0.008), and results were 
similar in both sexes and 
age-groups. 
Conclusions: In this popula-
tion-based sample, we found 
secondary prevention of 
myocardial infarction to be 
suboptimal in both diabetic 
and non-diabetic participants.

Prevalence and cor-
relates of insomnia 
in coronary heart 
disease patients.
L Froid1 , 1University of Oslo, 
Department of Behavioural 
Sciences in Medicine - Oslo - 
Norway , 
Introduction: There is some 
evidence that insomnia may 

be highly prevalent in coronary heart disease 
(CHD) patients. However, previous studies are 
few, mainly with limited sample size or biased 
samples. Furthermore, the extent to which 
insomnia is associated with demographic, clini-
cal, psychological factors and inflammation is not 
known. 
Purpose: To determine the prevalence of 
insomnia and its associations with demographic, 
clinical, and psychological correlates in a large 
sample of unselected CHD patients. 
Methods: The sample comprised 1082 pati-
ents aged 31-80 (mean 62) years (21% female 
gender) who participated in the cross-sectional 
Norwegian Coronary Prevention (NOR-COR) 
Study. Consecutive patients hospitalized with 
myocardial infarction and/or a coronary revas-
cularization procedure in 2011-14 responded to 
a comprehensive self-report questionnaire and 
participated in a clinical examination with blood 
sample collections including assessment of high 
sensitivity C-reactive protein (hs-CRP) 2-36 
(median 16) months later. Insomnia was asses-
sed with Bergen insomnia scale (BIS) designed 
to measure insomnia based on the diagnostic 
criteria for insomnia in DSM-IV as defined by the 
American Psychiatric Association. Binary logistic 
regression analyses were used to investigate the 
association between insomnia and covariates. 
Results: In total, 43% of the patients reported 
insomnia at follow-up, and 23.8% of them used 
sleep medication. The independent determi-
nants of insomnia are presented in the Table. 
Anxiety was the strongest covariate, followed 
by obstructive sleep apnoea, type D personality, 
female gender, low fish intake, diabetes, and CRP. 
No significant associations were found for age, 
low socioeconomic status, somatic comorbidity, 
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drug adherence, participation in cardiac rehabi-
litation, smoking, LDL cholesterol, and hyperten-
sion. Interestingly we found a strong association 
with anxiety, but not depression in the adjusted 
analyses. 
Conclusion: Insomnia was prevalent after a 
CHD event and associated with psychological 
factors, subclinical inflammation, and unfavora-
ble lifestyle behavior. Our results emphasize the 
importance of identifying patients with insomnia 
and ensuring appropriate treatment of insomnia 
as a part of cardiac rehabilitation. 

Potato intake and risk factors for 
the metabolic syndrome and car-
diovascular disease in a large Nor-
wegian cohort (The HUNT Study).
T Moholdt1 , BL Devlin2 , TIL Nilsen1 , 1Nor-
wegian University of Science and Technology 
- Trondheim - Norway , 2Australian Catholic 
University - Melbourne - Australia , 
Background 
Epidemiological studies are scarce and equivocal 
regarding evidence for associations between 
habitual potato intake and obesity, type 2 diabe-
tes and cardiovascular disease (CVD). Overall 
potato consumption associates with measures 
of adiposity, however, few studies have explicitly 
stated the preparation method of potatoes. 
Purpose 
Our aim was to investigate the associations 
between habitual intake of boiled potatoes and 
components of the metabolic syndrome and 
CVD risk factors in a large Norwegian population. 
Methods 
We included 49,932 participants in the third 
survey of the Nord-Trøndelag Health Study, 
Norway (HUNT3, 2006-2008). The partici-
pants answered questions about their habitual 
intake of various food groups, and our primary 
exposure variable was the frequency of boiled 
potato intake, as assessed by the question «How 
often do you normally eat boiled potatoes?» We 
categorised potato intake into four frequencies; 
1) < once/week, 2) 1-3 times/week, 3) 4-6 times/
week, and 4) = once/day. We estimated the 
mean difference in BMI, waist circumference 
(WC), systolic and diastolic blood pressure, total 
cholesterol, triglycerides and HDL cholesterol 
according to potato consumption, adjusted for 
age, sex, CVD, physical activity, smoking, alcohol 
and intake of vegetables and pasta/rice. We 
also estimated the adjusted odds ratio (OR) for 
adverse levels of the above-mentioned CVD risk 
factors according to potato consumption. 
Results 
Compared to individuals who consumed pota-
toes < once/week, those with potato intake 4-6 

times/week had a 0.4 (95% confidence interval 
[CI], 0.2-0.6) kg/m2 higher BMI and a 1.3 (95% 
CI, 0.8-1.8) cm higher WC. The OR for having a 
BMI =25 kg/m2 was 1.20 (95% CI, 1.09-1.32) in 
individuals who consumed potatoes 4-6 times/
week, compared to those eating potatoes < 
once/week, whereas the corresponding OR for 
high WC (> 88 cm for women/ > 102 cm for 
men) was 1.23 (95% CI, 1.12-1.36). Individuals 
who consumed potatoes 4-6 times/week had 
0.10 (95% CI, 0.05-0.15) mmol/L higher total 
cholesterol than those who consumed potatoes < 
once/week and an OR of 1.14 (95% CI, 1.02-1.26) 
for total cholesterol =6 mmol/L. They also had 
an OR of 1.24 (95% CI, 1.13-1.27) for triglyce-
rides =1.7 mmol/L compared to those eating 
potatoes < once/week. Compared to individuals 
who consumed potatoes < once/week, those 
who consumed potatoes 4-6 times/week and = 
once/day had an OR for the metabolic syndrome 
of 1.21 (95% CI, 1.07-1.37) and 1.19 (1.05-1.36), 
respectively, whereas those who consumed 
potatoes 1-3 times/week had an OR of 1.09 (95% 
CI, 0.96-1.24). 
Conclusions: We observed associations between 
habitual consumption of boiled potatoes and 
adverse levels of some, but not all, components 
of the metabolic syndrome and CVD risk factors. 
Since this was a cross-sectional study, we are not 
able to determine any cause-effect and future 
studies should assess the longitudinal associa-
tions between the intake of potatoes and CVD 
risk.

A novel direct method to evaluate 
adherence to atorvastatin therapy 
in coronary prevention - Cut-off 
values generated in a clinical non-
adherence study
O Kristiansen1 , NT Vethe2 , S Bergan2 , MW 
Fagerland3 , E Husebye1 , J Munkhaugen1 , 
1Drammen Hospital, Department of Medi-
cine - Drammen - Norway , 2Oslo University 
Hospital, Department of Pharmacology - Oslo 
- Norway , 3Oslo University Hospital, Section 
for Biostatistics and Epidemiology, Oslo Cen-
tre for Biostatistics - Oslo - Norway , 
Introduction: Poor statin adherence is a prevalent 
challenge in coronary prevention associated 
with adverse outcomes. Objective methods to 
monitor statin adherence in clinical practice are 
lacking. We have previously established a reliable 
liquid chromatography tandem mass spectrome-
try assay for quantification of atorvastatin and 
its five major metabolites in blood. Cut-off values 
to discriminate non-adherent from adherent 
patients are yet to be developed. 
Purpose: To develop an objective drug exposure 
variable reflecting the given atorvastatin dose 
and to establish cut-off values to discriminate 
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adherence, partial adherence and non-adherence 
to atorvastatin treatment in coronary patients. 
Methods: The study included 25 coronary pati-
ents aged 44-84 years treated with atorvastatin 
10 mg (N=5), 20 mg (N=6), 40 mg (N=7) and 
80 mg (N=7). All patients were instructed to 
administer atorvastatin between 7 and 10 AM 
for at least 7 days prior to study start to ensure 
steady-state drug concentrations. At the first 
study day, patients participated in a directly 
observed atorvastatin therapy (DOT) study 
without having taken their morning dose. Blood 
samples were collected 1 hour before DOT and 
immediately before DOT to detect any unsche-
duled morning dose. The atorvastatin dose 
was then administered before additional blood 
samples were collected after one and 24 hours. 
After the DOT, half of the patients on each dose 
level (N=12, test group) were instructed to stop 
taking atorvastatin and return for additional 
blood samples the subsequent 3 days. 
Results: No significant differences in drug 
exposure immediately before DOT and 24 hour 
after DOT were observed, confirming complete 
adherence. The sum of parent drug and metaboli-
tes correlated most strongly with the dose taken 
(Spearman rho= 0.71, 95% CI 0.44-0.87). With 
respect to demographic and clinical variables, 
the age correlated significantly with the drug 
plus metabolites exposure (rho= 0.46, 95% CI 
0.07-0.73). As illustrated (Figure), the dose-
normalized sum of atorvastatin plus metabolite 
concentrations were completely separated from 
the controls at 0.2 (nmol/L)/mg when the test 
group had omitted tablet intake for 3 days. To 
reduce the impact of a single apparent outlier 
and to decrease the risk of identifying adherent 
patents as partially non-adherent we suggest 
a cut-off at 0.1 (nmol/L)/mg as a practical 
approach, providing 100% sensitivity and 91% 

specificity according to ROC-curve analysis. We 
suggest defining complete non-adherence as 
non-detectable concentrations of parent drug 
and metabolites. 
Conclusion: A dose-normalized cut-off value for 
the sum of atorvastatin and metabolites in spot 
blood samples allows discrimination between 
adherence and partial adherence to atorvastatin 
therapy in CHD patients. The present direct 
method to determine atorvastatin adherence 
emerges as a useful tool for clinical practice and 
future interventions.

Large individual variation in exer-
cise-induced cTn response: poten-
tial implications for clinical use
M Bjørkavoll-Bergseth1 , O Kleiven1 , T Wiktor-
ski2 , O Skadberg3 , V Froysa1 , C Bjorkvik1 , K 
Moberg Aakre4 , S Ørn1 , 1Stavanger University 
Hospital, Department of cardiology - Sta-
vanger - Norway , 2University of Stavanger, 
Department of Mathematics and Natural 
sciences - Stavanger - Norway , 3Stavanger 
University Hospital, Department of Bioche-
mistry - Stavanger - Norway , 4Haukeland Uni-
versity Hospital, Department of Biochemistry 
- Bergen - Norway, On behalf: NEEDED
Background 
Cardiac Troponins (cTn) are markers of myocar-
dial injury. However, following strenuous exercise 
there is a cTn increase in healthy subjects. This 
increase is thought to reflect a physiological 
response to exercise. The mechanisms causing 
this physiological cTn increase remain to be 
determined. 
Purpose 
The purpose of this study was to determine if the 
exercise-induced cTn response differs between 

individuals. 
Methods 
The present study compared 
the repeated cTn response 
to exercise in subjects with 
either a high or a normal cTn 
response to exercise. Study 
subjects were recruited from 
a pool of healthy recreational 
cyclists without obstructive 
coronary artery disease, 
that had participated in the 
NEEDED study. All subjects 
completed the 91-km moun-
tain bike North Sea Race 
(NSR) twice, either in 2013 
or 2014 and in 2018. High-
sensitive cTnI was measured 
before, and 3- and 24-hours 
following the races. Exercise 
characteristics during the 
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race were assessed by power meters and heart 
rate monitors (2018). Additionally, a cardio-
pulmonary exercise test (CPx) were undertaken 
in all subjects, hs-cTnI were measured before, 3 
and 24 hours after the test. Depending upon the 
maximum cTnI concentration following the race 
in 2013/2014, subjects were categorized either 
as High-responder (cTnI >200 ng/L) or Control 
(cTnI <200 ng/L), and the variation in cTnI 
response was compared. 
Results 
A total of 52 healthy subjects were included: 
73% males, 50 (±9) years old. The High-
responder group included 38 subjects whereas 
the Control group included 24 subjects. There 
was no difference between the two groups with 
regard to demographics, training condition, blood 
pressure, Vo2 max, power at anaerobic threshold, 
average power during the race, race duration or 
heart rate during the CPx test or during the race 
in 2018. There was a highly significant increase 
in cTnI both after the CPx-test and after the race 
with maximal values 3 hours following exercise. 
Comparing the cTn levels with the work perfor-
med in the CPx test (0.7 hours), the 2018 race 
(4.2 hours) and the 2014 race (3.7 hours), cTn 
levels were significantly higher following the race 
in 2014 (p<0.001). The High-responder group 
had significantly (p<0.001) higher cTnI levels 
than the Control group after the race in 2018 
(Figure1). Troponin values were also higher in the 
High-responder group at 3 hours following the 
CPx test, but did not reach significant difference 
at 24 hours following the test. 
Conclusion 
Our findings demonstrate that the exercise 
induced cTn response differs between healthy 
individuals. These findings suggest that indivi-
dual reference values must be established if the 
exercise induced cTn response is to be used in a 
diagnostic setting.

Predictors and covariables of 
increase in systolic blood pressure 
in women and men over a 6-year 
period in midlife: the Hordaland 
Health Study
EA Kringeland1 , GS Tell2 , H Midtbø3 , TR 
Haugsgjerd2 , E Gerdts1 , 1University of Bergen, 
Department of Clinical Science - Bergen - 
Norway , 2University of Bergen, Department 
of Global Public Health and Primary Care 
- Bergen - Norway , 3Haukeland University 
Hospital, Department of Heart Disease - Ber-
gen - Norway , 
Introduction: Age associated increase in blood 
pressure differs between women and men, but 
less is known about sex-specific predictors and 
covariables of systolic blood pressure (SBP) 
increase in midlife. 
Purpose: To identify predictors and covariables of 
increase in SBP over a 6-year period for women 
and men in their forties. 
Methods: Data from 3649 women (56%) and 
men born 1950-1951 participating in the Horda-
land Health Study surveys in 1992-93 (baseline) 
and 1997-1999 were used. Patients with treated 
hypertension at baseline were excluded. Blood 
pressure was measured in triples after 5 minutes 
rest with calibrated sphygmomanometers. The 
average of the two last measurements was taken 
as the SBP measure. Predictors and covariables 
of 6-year increase in SBP were identified in multi-
variable linear regression analyses and presented 
as standardized ß-coefficients and p-values. 
Results: At baseline women had lower SBP (122 
vs. 132 mmHg) and body mass index (BMI, 
23.7 vs 25.1 kg/m2) than men (both p<0.001). 
Over the 6-year period women had a significant 
increase in average SBP from 122 to 124 mmHg, 
whereas a decrease from 132 to 130 mmHg 
was seen in men (p<0.001 within and between 
sexes). In multivariable analysis in the total 
cohort, female sex (ß=0.12, p<0.001), adding 
extra table salt on food (ß=0.052, p=0.003), 
having rheumatoid arthritis (RA) (ß=0.039, 
p=0.028), and drinking less than one cup of 
coffee per day (ß=0.047, p=0.008) all predicted 
larger increase in SBP over the 6-year period. In 
another multivariable model, increase in BMI 
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(ß=0.19, p<0.001) and increase in serum total 
cholesterol (ß=0.047, p=0.009) were both 
identified as significant covariables of increase in 
SBP. In sex specific analyses, increase in SBP over 
6 years was predicted by higher baseline BMI 
(ß=0.068, p=0.005) and having RA (ß=0.058, 
p=0.015) in women. Among men, increase in SBP 
was predicted by adding extra table salt on food 
(ß=0.059, p=0.015) and by low physical activity 
(ß=0.051, p=0.035). In both sexes, increase in 
BMI was the statistically strongest covariable of 
increase in SBP during 6 years (both p<0.001). 
Conclusion: In the Hordaland Health Study, 
women in their forties had a larger increase in 
SBP over a 6-year period than their male coun-
terparts. A larger increase in SBP was particularly 
associated with higher BMI and RA in women, 
while among men adding extra table salt on food 
and low physical activity were the main predic-
tors of a larger increase in SBP. In both sexes, 
increase in BMI was an important covariable of 
SBP increase during midlife.

The prevalence of mental dis-
orders in patients with coro-
nary heart disease and type D 
personality
T Dammen1 , C Papageorgiou2 , E Sverre3 , 
J Munkhaugen3 , 1University of Oslo - Oslo - 
Norway , 2Priory Hospital - Liverpool - United 
Kingdom of Great Britain & Northern Ireland , 
3Drammen Hospital - Drammen - Norway , 
Introduction: The distressed (Type D) personality 
is a risk indicator for multiple health outcomes 
in patients with coronary heart disease (CHD), 
including mortality, morbidity and emotional 
distress. Knowledge of the prevalence of mental 
disorders according to the DSM-criteria in an 
unselected sample of Type D patients is scarce 
and the report of the specific disorders and if 
these patients receive treatment have yet not 
been reported. 
Purpose: To estimate the prevalence of psychia-
tric axis I and axis II disorders and describe the 
proportion of patients receiving treatment. 
Methods: The sample comprised consecutive 
patients hospitalized with myocardial infarction 
and/or coronary revascularization in 2011-14 who 
participated in the cross-sectional Norwegian 
Coronary Prevention (NOR-COR) study 2-36 
months later. In all, 52 eligible consecutive pati-
ents <65 years who scored positive for type D 
personality as assessed with DS-14 were invited 
to this pre-planned sub-study, and 47 (90.4%) 
consented to participate. All patients underwent 
structured clinical interviews for psychiatric 
state disorders (SCID-I) and personality disorder 
(SCID-II) conducted by an experienced rese-
arch psychiatrist. All results were rated by an 
independent research psychologist. Information 

about current treatment for mental disorders and 
sociodemographic data were obtained by patient 
self-report. Participation in cardiac rehabilitation 
was obtained from participation lists. 
Results: Mean age was 52.5 (SD 8.0) years, 
21.3% were female, 96% were Caucasian, 74.4% 
were married/cohabitant, and 52,3% were cur-
rently working. Only 25.5% had participated in 
cardiac rehabilitation. Eight out of ten patients 
suffered from at least one symptom/axis I disor-
der. As shown in the Table, at least one affective 
disorder or anxiety disorder was found in 70.2% 
and 61.7% of the patients. Major depressive 
disorder (MDD) (59.6%), social phobia (40.4%), 
and generalized anxiety disorder (29.8%) were 
the most common disorders. At least one per-
sonality disorder was reported by 38.2% of the 
patients and avoidant (19.1%), paranoid (19.1%) 
and obsessive compulsive (17.0%) personality 
disorders were most commonly occurring. Only 
8 out of 38 patients (21%) with an axis I disorder 
reported treatment with Serotonin reuptake 
inhibitors (SSRI)and none reported psychological 
treatment. Only six (21.4%) of 32 with current 
major depressive disorder reported SSRI use. 
Conclusion: Psychiatric disorders are very pre-
valent in CHD patients with type D personality < 
65 years. These disorders seem to be unrecogni-
zed and untreated in most patients. Our results 
therefore emphasize the importance of scree-
ning for type D personality as a potential risk 
marker for psychiatric disorders in CHD patients. 
Furthermore, better recognition and access to 
psychological and pharmacological treatment 
for these disorders appears crucial to improve 
psychological well-being and prevent subsequent 
cardiac events.
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Is the ongoing overweight/obe-
sity epidemic partly explained by 
concurrent decline in cigarette 
smoking?
I Njølstad1 , KH Bønaa2 , AE Eggen1 , AS 
Furberg1 , S Grimsgaard1 , LA Hopstock1 , BK 
Jacobsen1 , O Lovsletten1 , ML Løchen1 , T Wils-
gaard1 , 1UiT the Arctic University of Norway, 
Dept of community medicine - Tromsø - Nor-
way , 2Norwegian University of Science and 
Technology - Trondheim - Norway , 
Background: The current increase in overweight 
and obesity in Norway coincides with a substan-
tial decline in cigarette smoking. Many ex-smo-
kers report unwanted weight gain.
Purpose: Can the overweight epidemic be 
partly attributed to smoking cessation in the 
population?
Methods: We used data from a population based 
study with repeated screenings of risk factors 
for CVD and other chronic conditions. A total of 
11,280 women and men aged 25 to 54 years took 
part in a survey in 1994-5 (attendance 72%) and 
in a subsequent survey 21 years later (attendance 
65%). We studied changes in mean body mass 
index (BMI, kg/m²) in subgroups defined by 
self-reported cigarette smoking, age, and gender. 
10,945 subjects qualified as: Smoker (daily 
smoker in both surveys), Quitter (daily smoker in 
the first, but not the second survey), Ex-smoker 
(non-smoker in both surveys and previous 
smoker), and Never-smoker (non-smoker in both 
surveys who never had smoked daily).
Results: Smoking prevalence decreased from 
36% in 1994-95 to 15% in 2015-16. BMI increa-
sed in all subgroups (p<0.001) (see Table) and 
was substantial among the youngest and among 
those who quit smoking between surveys, exem-
plified by a mean (SD) weight gain of 12.2 (10.2) 
kilograms in female and 13.3 (9.2) kilograms in 
male quitters aged 25-34 years at baseline. The 
BMI increase was higher in women than in men 
in the two oldest age groups (p<0.001), except 
for persistent smokers (p=0.06). 
Conclusion: During a 21 year time span, mean 
BMI increased in women and men aged 25-54 
years at baseline, regardless of smoking status. 
Weight gain was most prominent among those 
who quit smoking and in the youngest age group. 
These findings underscore the importance of 
public health intervention targeted at weight loss 
and weight maintenance in the whole population 
and particularly among those who quit smoking.

The effect of exercise training on 
cardiac function in obese pregnant 
women - A randomized controlled 
trial
C Bjørk Ingul1 , KK Garnas2 , T Moholdt1 
, 1Department of Circulation and Medical 
Imaging, Medical Faculty, NTNU - Trondheim 
- Norway , 2Norwegian University of Science 
and Technology, Department of Public Health 
and Nursing - Trondheim - Norway , 
Background: The prevalence of maternal obesity 
has rapidly increased and in Europe 45% of 
women of reproductive age are obese or over-
weight. Obesity in itself leads to cardiac changes 
and cardiocirculatory changes during pregnancy 
could aggravate maternal cardiac dysfunction 
in obese women. Exercise training and physi-
cal activity in pregnancy have the potential to 
improve maternal health. However, the effect of 
exercise during pregnancy on obese women´s 
cardiac function has not been investigated.
Purpose: To investigate whether exercise training 
during pregnancy could improve cardiac function 
in obese women. 
Methods: In total, 54 obese pregnant women 
(mean BMI before pregnancy, 34.7±4.0 kg/
m2, age 30.9±4.2 years) were randomized to 
an exercise intervention (n=27) or to control 
(n=27). Women in the exercise group were 
prescribed 3 weekly, supervised sessions of 
35 min of moderate intensity walking/run-
ning followed by 25 min of resistance training. 
The control group received standard maternal 
care. Resting echocardiography and exercise 
stress echocardiography (on a stationary cycle 
ergometer in an upright position) were per-
formed in gestational week 14, 20, 32 and 6-8 
weeks postpartum. The main outcome measures 
were differences in global strain (GS) and tissue 
Doppler velocities (S´, E´). 
Results: There were no differences in global strain 
of the left or right ventricle between control 
and exercise group (table). No significant group 
differences were seen in systolic or diastolic left 

Smoking 
status Quitter Smoker Ex-smoker Never-

smoker 

Women n=1311 n=854 n=1500 n=2186

25-34 yr 4.4 (3.7) 3.4 (3.5) 3.1 (3.4) 3.0 (3.2)

35-44 yr 4.3 (3.3) 2.3 (3.1) 2.6 (2.9) 2.6 (2.9)

45-54 yr 3.9 (3.4) 1.3 (2.9) 2.0 (2.9) 2.0 (2.9)

Men n=1171 n=624 n=1306 n=1993

25-34 yr 4.2 (2.8) 3.2 (2.7) 2.6 (2.6) 2.9 (2.6)

35-44 yr 3.6 (2.7) 1.9 (2.4) 2.2 (2.3) 2.0 (2.0)

45-54 yr 2.8 (2.9) 0.8 (2.2) 1.6 (2.4) 1.2 (2.1)

Test for change in BMI from baseline: p<0.001 in all 
subgroups
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ventricle function during rest or during exercise 
stress test (table). 
Conclusions: Exercise during pregnancy had no 
effect on cardiac function in obese pregnant 
women. The trial was limited by poor adherence 
to the exercise protocol and might illustrate the 
difficulty in motivating obese women who are 
already pregnant. Exercise should ideally start 
before pregnancy.

Coronary artery disease in relation 
to exercise-induced cardiac tropo-
nin increase
O Kleiven1 , MF Bjøerkavoll-Bergseth1 , 
TH Melberg1 , KM Aakre2 , O Skadberg3 , B 
Auestad4 , CB Erevik1 , T Omland5 , S Ørn1 , 
1Stavanger University Hospital, Cardiology - 
Stavanger - Norway , 2Haukeland University 
Hospital, Hormone laboratory - Bergen - Nor-
way , 3Stavanger University Hospital, Dept. of 
biochemistry - Stavanger - Norway , 4Uni-
versity of Stavanger, Dept. of Mathematics 
and Physcis - Stavanger - Norway , 5Akershus 
University Hospital, Division of Medicine - 
Oslo - Norway , 
Background: Elevated cardiac troponins (cTn) 
after strenuous exercise has been associated 
with increased prevalence of obstructive coro-
nary artery disease (CAD). 
Purpose: To assess the association between 
poste-exercise cTn concentrations and the 
presence of angiographically significant CAD and 
to define a cut-off of what could be considered 
pathological exercise-induced cTn increase. 

Methods: Participants from the North Sea Race 
Endurance Exercise Study (NEEDED) in 2013 and 
2014 had serial cTn measurements after a 91 
km mountain bike race. Coronary artery disease 
was defined by findings on cardiac computed 
tomography angiography (CCTA). 
Results: 133 subjects, 99 (74 %) males, 44 ± 11 
years of age were included. A total of 11 (8.3%) 
subjects were found to have obstructive CAD 
on CCTA, 2 (1.5%) had myocardial bridging, 
29 (21.8%) had non-obstructive CAD and 90 
(67.7%) subjects had normal coronary arteries. 
Subjects with obstructive CAD had significantly 
higher cTn values 24 hours after the race as com-
pared with the rest: cTnI: 168.7 (101.9-379.6) vs 
36.4 (19.2-84.1) ng/L, p=0.001, cTnT: 43.5 (38.1-
75.0) vs 21.4 (14.4-31.9) ng/L, p<0.001. Findings 
on CCTA remained a significant predictor for cTnI 
and cTnT at 24 hours after the race in multiple 
regression analysis (cTnI: B=-0.41, p=0.001, 
cTnT: B=-0.26, p=0.001). cTnI and cTnT 24 hours 
after exercise had AUCs of 0.82 (0.66-0.97) and 
0.84 (0.73-0.95) for predicting obstructive CAD, 
respectively (p=0.001 for both). Cut-off values 
of 101 ng/L (cTnI) and 31 ng/L (cTnT) were 
identified by the Youden Index. For cTnI, the cut-
off had a sensitivity of 81.8 % and a specificity of 
78.7 %. For cTnT, a sensitivity of 90.9 % and a 
specificity of 73.8 % were found. 
Conclusion: Markedly elevated cTn levels at 
24 hours after strenuous exercise may indicate 
occult CAD, and further evaluation of these sub-
jects with CCTA should be considered.

High-intensity interval training in 
patients referred to cardiac reha-
bilitation after heart valve surgery

BB Nilsson1, P Lunde1 , E-K Nordli 
Scheele2 , E Jarstad2 , V Ritschel2 , 
1Oslo Metropolitan University - Oslo 
- Norway , 2Norwegian Research 
Center for Active Rehabilitation - 
Oslo - Norway , 
Introduction: High intensity interval 
training (HIIT) in exercise based 
cardiac rehabilitation (CR) is well 

 

Resting echo (gesta-
tional week 32) Exercise group Control group P-value Exercise stress echo 

(gestational week 32)
Exercise 
group 

Control 
group P-value

Heart rate, beats/min 84.2±11.5 83.0±11.7 0.3 Heart rate, beats/min 150.3±14 152.4±11 0.6

S´mean, cm/s 10.2±1.5 10.1±1.6 0.9 S´mean, cm/s 12.1±3.0 12.9±1.9 0.3

E´mean, cm/s -12.7±2.7 -13.0±2.5 0.7 E´mean, cm/s -14.5±1.2 -14.6±1.3 0.8

Stroke volume, ml 78.6±2.1 80.5±2.0 0.3 Stroke volume, ml 90.4±27 89.1±27 0.9

Global strain LV, % -16.6±4.2 -16.4±5.0 0.8 Cardiac output, L/min 13.5±4.1 13.5±3.8 0.9

Global strain RV, % -17.2±7.2 -18.2±7.1 0.4

Ejection fraction, % 56.1±10.6 56.6±10.4 0.8

Mean of septal and lateral mitral annulus, S´ peak systolic tissue Doppler velocity, E´peak early diastolic tissue 
Doppler velocity, LV left ventricle, RV right ventricle
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documented and shown to be superior to con-
tinuous exercise training in improving aerobic 
capacity in patients with chronic heart failure and 
coronary heart disease. Valve surgery patients is 
also recommended CR, however, the evidence of 
HIIT for this population is less studied. 
Purpose: This study aimed to evaluate the effi-
cacy of HIIT in patients referred to CR after heart 
valve surgery. 
Methods: The participants in this study had 
underwent heart valve surgery and was a sub-
group of patients included in the Oslo HeartEx 
study from January 2011 to December 2017. The 
Oslo HeartEx study is a cohort study with pre- 
post design of all heart patients referred to exer-
cise based CR in a sport clinic in Oslo, Norway. 
Group-based HIIT with the Norwegian Ullevaal 
model was offered twice weekly in addition to 
preferred exercise training once a week, in a 
total of 12 weeks. The primary outcome measure 
was change in peak oxygen uptake (VO2peak). 
Quality of life was measured using the COOP-
WONCA questionnaire. 
Results: In the preliminary sub-group analysis 
(n= 46) of the Oslo HeartEx population (n = 
330) a total of 87 % (n=40) completed the 
12 weeks HIIT CR program. No adverse events 
during testing or exercise training were reported. 
Two of the patients could not be included in 
the post analysis due to other disease (n=1) or 
ischemia (n=1). Mean age was 52.2 ± 12.5 and 
89 % were men. VO2peak improved significantly 
from 33.0 ± 7.1 ml/kg/min to 37.6 ± 8.6 ml/kg/
min. Mean difference was 4.5 ml/kg/min (95% 
confidence interval, 3.5- 5.7, p< 0.001). Selected 
cardiorespiratory variables are presented in the 
table. COOP-WONCA was significantly improved 
in all domains. 
Conclusion: HIIT based CR resulted in signifi-
cant and clinically meaningful improvements in 
VO2peak and quality of life in patients referred to 
CR after heart valve surgery.

Leisure time and 
occupational 
physical activity, 
resting heart rate, 
and mortality in 
the Arctic region 
of Norway. The 
Finnmark study
R Hermansen1 , BK 
Jacobsen1 , ML Løchen1 
, B Morseth1 , 1UiT The 

Arctic University of Norway, Department of 
Community Medicine - Tromsø - Norway , 
Background 
This study examined the association of leisure 
time physical activity (LTPA), occupational 
physical activity (OPA), and resting heart rate 
(RHR) with all-cause and cardiovascular (CVD) 
mortality in Sami and non-Sami populations. 
Design 
Longitudinal, population-based study. 
Methods 
Data were collected from the Finnmark 3 study in 
northern Norway in 1987-1988. The cohort was 
followed for all-cause and CVD mortality over 26 
years and included 17697 men and women with 
a mean age of 47.2 years at baseline. LTPA and 
OPA were assessed with a validated question-
naire at baseline, whereas cause of death was 
obtained from the Norwegian Cause of Death 
Registry. Associations were adjusted for age, sex, 
smoking status and body mass index. Further-
more, we adjusted for OPA when studying the 
association of LTPA and mortality and vice versa. 
Results 
A total of 1983 women and 3147 men died 
during follow-up. LTPA was linearly and inversely 
associated with all-cause mortality. Compared 
to inactive subjects, all-cause mortality was 
reduced by 5% in the moderate LTPA group (HR 
0.95; 95% CI 0.89-1.01) and 16% in the active 
LTPA group (HR 0.84; 95% CI 0.76-0.92). Both 
for all-cause and CVD mortality, there were 
indications of a U-formed relationship with 
OPA. All-cause mortality was reduced by 27% in 
the RHR range of <60 beats per minute (HR 0.73; 
95% CI 0.67-0.80), compared to RHR = 80. The 
strength of the relationships was similar in Sami 
and non-Sami subjects. 
Conclusions 
In this population-based study, LTPA was inver-
sely and linearly associated with all-cause morta-
lity. In contrast, we found a U-shaped association 
between OPA and CVD and all-cause mortality. 
All-cause and CVD mortality were reduced in 
participants with RHR =80 beats per minute.

n= 38 Baseline 12 weeks mean change 95% CI p-value

VO2peak (ml/kg/min) 33.0 ± 7.1 37.6 ± 8.6 4.5 ± 3.7 3.3 - 5.7 <0.001

VO2peak (ml/min) 2652 ± 569 2987 ± 652 335 ± 346 222 - 449 <0.001

Time (seconds) 591 ± 96 676 ± 103 85 ± 43 70 - 99 <0.001

Incline (%) 9.3 ± 2.7 11.3 ± 3 2.0 ± 1.5 1.4 - 2.4 <0.001

Speed (km/h) 7.9 ± 1.6 8.3 ± 1.9 0.4 ± 0.5 0.2 - 0.5 <0.001

RER 1.17 ± 0.08 1.16 ± 0.07 -0.01 ± 0.07 0.03 - -0.02 0.465

Ventilation (L/min) 112 ± 27 127 ± 28 15 ± 14 10 - 19 <0.001

VO2peak: peak oxygen uptake, RER: respiratory exchange ratio, HRpeak: peak 
heart rate


