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Abstract
Andersen, K. 2014. Physical Activity and Cardiovascular Disease. Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of Medicine 972. 84 pp. Uppsala: Acta
Universitatis Upsaliensis. ISBN 978-91-554-8871-0.

The aim was to investigate associations of fitness and types and levels of physical activity with
subsequent risk of cardiovascular disease.

Four large-scale longitudinal cohort studies were used. The exposures were different
measures related to physical activity and the outcomes were obtained through linkage to the
Swedish In-Patient Register. In a cohort of 466 elderly men without pre-existing cardiovascular
disease, we found that skeletal muscle morphology was associated with risk of cardiovascular
events. A high amount of type I (slow-twitch, oxidative) skeletal muscle fibres was associated
with lower risk of cardiovascular events and high amount of type IIx was associated with
higher risk of cardiovascular events. This association was only seen among physically active
men. Among 39,805 participants in a fundraising event, higher levels of both total and leisure
time physical activity were associated with lower risk of heart failure. The associations were
strongest for leisure time physical activity. In a cohort of 53,755 participants in the 90 km
skiing event Vasaloppet, a higher number of completed races was associated with higher risk
of atrial fibrillation and a higher risk of bradyarrhythmias. Further, better relative performance
was associated with a higher risk of bradyarrhythmias. Among 1,26 million Swedish 18-year-
old men, exercise capacity and muscle strength were independently associated with lower
risk of vascular disease. The associations were seen across a range of major vascular disease
events (ischemic heart disease, heart failure, stroke and cardiovascular death). Further, high
exercise capacity was associated with higher risk of atrial fibrillation and a U-shaped association
with bradyarrhythmias was found. Higher muscle strength was associated with lower risk of
bradyarrhythmias and lower risk of ventricular arrhythmias.

These findings suggest a higher rate of atrial fibrillation with higher levels of physical activity.
The higher risk of atrial fibrillation does not appear to lead to a higher risk of stroke. In contrast,
we found a strong inverse association of higher exercise capacity and muscle strength with
vascular disease. Further, high exercise capacity and muscle strength are related to lower risk
of cardiovascular death, including arrhythmia deaths. From a population perspective, the total
impact of physical activity on cardiovascular disease is positive.
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“Promise me you'll always remember: 
You're braver than you believe, and 
stronger than you seem, and smarter 
than you think.”  
 

                                Winnie-the-Pooh 
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AV block Atrioventricular block 
AF Atrial fibrillation 
AMPK Adenosine monophosphate kinase 
ANOVA Analysis of variance 
ATPase Adenosine triphosphatase  
BMI Body mass index 
Bpm Beats per minute 
CI Confidence interval 
CRP C-reactive protein 
DBP Diastolic blood pressure 
ECG Electrocardiogram 
GLUT4 Glucose transporter type 4 
HR Hazard ratio 
ICD International classification of disease 
IL-6 Interleukin 6 
IQR Inter quartile range 
LVMI Left ventricular mass 
METh Metabolic equivalent turnover hours 
NO Nitric oxide 
PYAR Person years at risk 
Rpm Revolutions per minute 
SBP Systolic blood pressure 
SD Standard deviation 
SES Socioeconomic status 
SCD Sudden cardiac death 
SVT Supra ventricular tachyarrhythmia 
TNF-α Tumor-necrosis-factor-α 
ULSAM The Uppsala Longitudinal Study of Adult Men 
VF Ventricular fibrillation 
VT Ventricular tachycardia 
WHO World Health Organization  
  
  

 



 

Definitions 

Physical activity – any form of body movement that requires a substantial, 
metabolic demand. In this definition physical activity encompasses all ac-
tivity during a day like strenuous physical occupation, household activities, 
certain types of transportation (walking or cycling) and strenuous leisure 
time activities.1  

Exercise – the voluntary component of a person’s physical activity invento-
ry.  Exercise is often performed with a specific objective in view e.g. prepa-
ration for competition, rehabilitation after injury or maintenance of personal 
fitness.1  

Fitness – the optimal combination of those characteristics (physical, physio-
logical, biomechanical and psychological) that contribute to competitive 
success. Normally, repeated bouts of exercise can enhance a person’s fitness. 
The cardiorespiratory component can be measured as maximal oxygen con-
sumption alternative maximal exercise capacity.1  

Endurance training – the act of exercising to increase endurance. The term 
endurance training generally refers to training the aerobic system as opposed 
to anaerobic. Examples of endurance sports are long distance running, cross-
country skiing and cycling.1  

Resistance training – a type of exercise, where the body’s musculature 
moves against an opposing force. The force is usually presented as some 
kind of equipment but resistance training also encompasses e.g. plyometrics 
and hill running.2 

Cardiovascular disease - Pathological conditions involving the cardiovas-
cular system including the heart, the blood vessel, or the pericardium. In this 
thesis the term cardiovascular disease is used for all pathological conditions 
of the heart and vascular system including arrhythmias. 

Vascular disease – Pathological conditions involving the blood vessels of 
the body. In this thesis the term is used for a group of diseases that includes 
ischemic heart disease, heart failure, stroke and cardiovascular death. 
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Introduction 

As the Western World has developed to highly industrialized societies, there 
has been a parallel, rapid change in living circumstances as well as in medi-
cal sciences. This has resulted in a transition in risk factor patterns and a 
shift in disease patterns from dominance by infectious diseases such as diar-
rhoea and pneumonia to increasing prevalence of non-communicable diseas-
es such as cardiovascular disease and cancer. In low-income countries, risk 
factors like under-nutrition, unsafe sex, indoor air pollution, poor water sup-
ply and hygiene are important. In middle- and high-income countries risk 
factors such as smoking, overweight and lack of physical activity are the 
predominant risk factors. In 2004 The World Health Organization concluded 
that hypertension, tobacco use, high blood glucose, physical inactivity and 
obesity are the five principal global risk factors for mortality.3 They can all 
be improved by lifestyle interventions. Consequently, the general focus is to 
reduce these risks by promoting non-smoking, non-fatty, low-caloric diet 
and increased physical activity. Furthermore, much effort has been put into 
treating hypertension and diabetes both with lifestyle changes and pharma-
cologically.  

This thesis focuses on effects of physical activity on cardiovascular disease. 
Although efforts to promote increased physical activity are of unquestiona-
ble public health importance, the mechanisms whereby physical activity 
exerts its beneficial effects are largely unknown, as are the optimal levels of 
physical activity. Does it matter which type and which level of physical ac-
tivity we promote? Are some modes of physical activity more beneficial 
than others, and could too much physical activity be harmful?  

The first study focuses on the relationship between skeletal muscle mor-
phology, physical activity and the risk of developing cardiovascular disease. 
The second study investigates associations of total and leisure time physical 
activity with risk of heart failure of any- or non-ischemic cause. The third 
study investigates associations of physical fitness level with risk of arrhyth-
mias. The fourth study examines associations of cardiorespiratory fitness 
and muscle strength with risk of vascular disease and arrhythmias.  
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Background 

Physical activity, cardiovascular disease and mortality 
In 1953 Jeromy N Morris and co-workers presented a study conducted 
among bus personnel in London’s double-decker busses. They found that the 
incidence of coronary heart disease was higher among the sedentary bus 
drivers than among the more physical active conductors who moved around 
constantly in the bus (Figure 1).4 They hypothesized that there was a protec-
tive effect of physical activity. During the following years they also found 
lower incidence among people with other occupations with high activity 
level such as postmen.5 At the time when this hypothesis was formulated, it 
was met with great scepticism among other researchers and the epidemiolog-
ical tools to evaluate the result were limited. Today, numerous studies on 
physical activity have been published, and there is consistent epidemiologi-
cal evidence of a protective effect of physical activity on risk of cardiovas-
cular disease.6, 7 A recent meta-analysis investigated the dose-response curve 
of physical activity on cardiovascular disease, and found protective effects 
of 150 min/week moderate-intensity leisure time physical activity, and even 
higher protection of up to 300 min/week. The additional effect of higher 
amount of physical activity was modest.8  

Lack of physical activity has been estimated to account for 3.5 million 
deaths annually or 5.5% of deaths worldwide and being sedentary is even 
more prominent in middle- and high-income countries.3 Epidemiological 
studies have demonstrated a protective effect of physical activity on mortali-
ty9 and a recent meta-analysis showed 41% lower all-cause mortality in the 
highest vs. the lowest fitness level, and 29% lower all-cause mortality in 
highest vs. lowest self-reported physical activity level. The effect was even 
stronger on cardiovascular mortality.6 

As a consequence of this researchers began to evaluate the relation of cardi-
orespiratory fitness to mortality. In two large epidemiological studies an 
almost sigmoidal response curve of cardiorespiratory fitness on all-cause 
mortality was observed.10, 11 Further, changes in level of cardiorespiratory 
fitness during life was associated with altered cardiovascular prognosis and 
mortality risk.12, 13 Between two examinations of a person’s exercise capaci-
ty had those who remained fit the lowest risk of mortality; those who 
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changed from unfit to fit moderate risk and those who remained unfit the 
highest risk.13 Several mechanisms have been proposed, including better 
insulin sensitivity, lipid profile, body composition, blood pressure and auto-
nomic balance.14 Furthermore, in children and adolescents, cardiorespiratory 
fitness has been related to lower incidence of obesity, better insulin re-
sistance and lower incidence of cardiovascular risk factors.15-17  

 
Figure 1. Age-adjusted relative incidence of acute myocardial infarction in London 
busmen, 1949–1958. Modified figure based on JN Morris original study4 from  
Paffenbarger et al. 20015  

Not only cardiorespiratory fitness, but also musculoskeletal fitness has been 
proposed as a risk factor for mortality and several studies have shown asso-
ciations of higher muscle strength with lower risk of all-cause mortality and 
vascular disease even after adjusting for cardiorespiratory fitness.18-25 One of 
the largest studies is conducted using the cohort of Swedish conscripts that 
are also used in this thesis. This study shows that among Swedish 18-years 
old men muscle strength is inversely associated with suicide, all-cause and 
cardiovascular mortality.26 It has been speculated that the effect is mediated 
through a lower incidence of abdominal adiposity, weight gain, insulin re-
sistance, metabolic syndrome, hypertension and chronic inflammation.27 

Although the evidence of the protective of effect of physical activity on risk 
of cardiovascular disease and mortality seems robust, there are still gaps in 
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our knowledge. Several studies have linked genetic factors to physical ac-
tivity level,28 and we do not fully understand the interaction between genetic 
and environmental factors and how these factors predict physical activity 
and disease. Further, it is still unexplored how exercise capacity in different 
ages is related to cardiovascular outcomes.  

Athlete’s heart 
The increased demands on the cardiovascular system during exercise lead to 
structural adaptations of the heart and eventually change of the conduction 
system of the heart. This has led to the suggestion of the existence of an 
athlete’s heart phenotype.  

Dynamic exercise (movement with no or minimal development of force) 
alters the hemodynamic conditions by increasing stroke volume and heart 
rate, the two components of cardiac output. The systemic vascular resistance 
is decreased partly compensating the increased cardiac output, which leads 
to a moderate increase in blood pressure. Thus, for dynamic exercise, the 
increased workload of the heart will mainly be a volume load.29 For static 
exercise (force with no or minimal movement) a minor increase in heart rate 
leads to a small increase of cardiac output. Due to increased systemic vascu-
lar resistance a large increase of blood pressure is observed30 leading to in-
creased pressure load of the heart.31 Over time, this leads to specific adapta-
tions of the heart related to the type of load. Volume load (as seen in endur-
ance training) will lead to both an enlargement of the internal diameter and a 
thickening of the ventricular wall (eccentric heart geometry). Pressure load 
(associated with resistance training) will lead to a thickening of the ventricu-
lar wall, without any changes in internal diameter (concentric heart geome-
try).32 The latter condition mimics the changes seen in hypertensive patients 
who have developed hypertrophic left ventricular wall.33 However, most 
observations have been performed in cross-sectional studies, and other fac-
tors than the physical activity (e.g. genetic differences) could explain the 
athlete’s heart phenotype.34 Nevertheless, recent longitudinal studies of the 
cardiac adaptations to different training programs supports the athlete heart 
hypothesis, at least partly. These studies suggest that stroke volume, left 
ventricular end-diastolic volume, left ventricular mass and wall thickness 
increases as response to endurance training, while resistance training only 
led to a minor increase in left ventricular end-diastolic volume.35, 36 

Strenuous physical exercise may induce life-threatening ventricular ar-
rhythmias in patients with pre-existing heart disease.37-40 Indeed, a study of 
autopsies of 1,435 athletes suffering sudden cardiac death during training 
has revealed cardiac abnormalities in 97% of the cases.39 As described above 
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endurance training can lead to a number of physiological structural cardiac 
changes, including left atrial and ventricular dilation and hypertrophy.41, 42 
These changes might have be related to both tachy- and bradyarrhythmias 
and a consistent finding among athletes is an increased risk of atrial fibrilla-
tion. Earlier case-control studies report higher incidence of atrial fibrillation 
in endurance-trained athletes and present odds ratios between 1.9 and 8.8 
compared to non-athletes.43-46 

As outlined before, most of the knowledge of the athlete’s heart is gained 
from observational studies and little is known about dynamic changes in 
heart structure in response to exercise and after training cessation. Further, 
although the changes largely are reversible, we do not know if different 
types of extensive exercise are beneficial, neutral or even related to patho-
logical conditions. Additionally, it could be speculated that the increased 
risk of atrial fibrillation seen among athletes could lead to an increased inci-
dence of stroke since atrial fibrillation has been related to fivefold higher 
risk of stroke in population studies.47, 48 However, it is unknown whether 
atrial fibrillation is related to increased risk of stroke in well-trained individ-
uals.  

The effect of physical activity on risk factors for 
vascular disease 
The classical risk factors for vascular disease such as hypertension, diabetes 
hyperlipidaemia and to lesser extent smoking are all related to levels of 
physical activity. Some of the protective effect of physical activity is medi-
ated through a reduction of these risk factors. Nevertheless, other risk factors 
such as endothelial function and inflammation are under current investiga-
tion.  

Hypertension is in a global perspective the most important risk factor for 
death and cardiovascular disease, accounting of 12.8% of all deaths corre-
sponding to 7.5 million deaths each year.3 An unfavourable diet, high BMI, 
high salt intake and lack of physical activity are suggested to be major caus-
es of hypertension.49 After developing high blood pressure, endurance train-
ing can lower the blood pressure.50 Whether resistance training lowers blood 
pressure is still debated. On one hand weight lifting increases acute blood 
pressure to very high levels;30 on the other hand several studies suggest that 
resistance training may lower blood pressure in hypertensive patients to 
almost the same level as endurance training.51  
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Physical activity protects against type 2 diabetes and persons engaged in 
regular physical activity of moderate intensity have approximately 30% low-
er risk of developing type 2 diabetes than sedentary persons.52 Skeletal mus-
cles act as a regulator of levels of blood glucose by translocation of GLUT4 
receptors to the myocyte membrane as a response to insulin and exercise.53, 

54 The translocation of GLUT4 receptors is regulated by a plethora of mo-
lecular signalling thought to include calcium, stretch and energy stress sig-
nalling. In addition, exercise increases glucose transport-phosphorylation 
and glycogen-synthesis related to transport and storage of glucose in the 
myocyte.55  

Physical activity is also associated with a favourable lipid profile and exer-
cise a beneficial effect on lipid profile in patients with dyslipidaemia.56, 57 
Interestingly, there seem to be an association between levels of slow-twitch 
skeletal muscle fibres and levels of high-density lipoproteins.58, 59 

A pivotal element for a normal endothelial function is the presence of the 
signalling molecule Nitric Oxide (NO). Thus, a reduction in the bioavailabil-
ity of NO leads to endothelial dysfunction that often predates the clinical 
and/or morphological manifestations of atherosclerosis.60 Exercise of mod-
erate intensity is known as stimulator of NO-release and cross sectional stud-
ies have shown positive correlations between physical activity and endothe-
lial function.61, 62 Furthermore, several studies have shown that physical ex-
ercise is capable to restore and improve endothelial function in patients with 
atherosclerosis, hypertension and hyperglycaemia.63 

Chronic elevation of inflammatory markers such as IL-6, CRP and white 
blood count is known as chronic low-grade inflammation. This condition is 
associated with increased risk of developing diabetes,64-72 it is a strong, con-
sistent and independent predictor of all-cause and cardiovascular mortality73-

83 and an increase in IL-6 and soluble TNF-α-receptor-2 are positively corre-
lated to the amount of coronary artery calcification.84 It is likely that the 
protective effect of physical activity against obesity, hypertension, diabetes 
type-2 and cardiovascular disease is at least partly mediated by reduced in-
flammation.85, 86  

It is evident that some of the effect of physical activity on the risk of athero-
sclerotic disease is mediated through a reduction of these traditional risk 
factors. However, it is consistent among studies of physical activity that after 
adjusting for these risk factors,87 a hitherto unexplained effect remains which 
should be explored further.  



 17 

Skeletal muscle 
The primary function of skeletal muscle is to generate power, produce force 
and act as a break.88 These functions allow us to maintain body posture, 
walk and run and to do all everyday chores related to voluntary movement. 
Moreover, skeletal muscles have crucial functions related to glucose me-
tabolism, thermoregulation and were recently discovered as an endocrine 
organ with anti-inflammatory properties.  

Human skeletal muscle fibres are traditionally divided into three main types 
based on their ATPase activity: type-I (slow-twitch, oxidative), type-IIa 
(fast-twitch, oxidative-glycolytic) and type-IIx (previously IIb, very fast-
twitch, glycolytic).89 The fibre type is closely related to the content of myo-
sin heavy chain protein in the myocyte.89, 90 Athletes performing endurance 
training generally have higher proportions of type-I fibre than athletes per-
forming resistance training.1, 91 Training studies shows that both endurance 
and resistance training may induce skeletal muscle fibre transition from 
type-IIx to type-IIa, but that transition is more prominent with endurance 
training than resistance training.88, 92 This response seems to be general and 
unrelated to the age of the test person.93, 94 The proportion of type-I fibres is 
less affected.88, 92, 94 Further, a transition from slow to fast type skeletal mus-
cle fibres have been observed in completely inactive persons.95  

As described above, skeletal muscle acts as regulator of levels of blood glu-
cose by translocating GLUT4 receptors to the myocyte membrane as a re-
sponse to insulin or exercise.53, 54 Several differences in glucometabolic 
properties between muscle fibre types are known. In type-I muscle fibres, 
the GLUT4 receptor is more expressed than in type-IIa/IIx fibres.96 Further,  
AMP-activated kinase (AMPK) a protein that regulates skeletal muscle met-
abolic gene expression programs in response to changes in the energy status 
is expressed and activated in a fibre-specific manner.97, 98 

While the changes of skeletal muscle morphology in chronic diseases are 
well studied,99-101 little is known about the relations between skeletal muscle 
properties in healthy individuals and subsequent risk of disease.  
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Hypotheses and aims 

A:  
Hypothesis: Skeletal muscle morphology may be an indicator of the type 
and amount of physical activity conducted in the near past and may play an 
important role in metabolic and anti-inflammatory effects of exercise. As 
such, muscle morphology is related to risk of cardiovascular events, and 
those relations may vary by physical activity level. 
Aim:  To investigate the associations of skeletal muscle morphology and 
physical activity with risk of cardiovascular disease in a community-based 
cohort of 466 elderly men. 

B:  
Hypothesis: Physical activity reduces the risk of heart failure, and the pro-
tective effect is stronger with higher intensity and/or frequency of physical 
activity. Moreover, the effects of total physical activity and leisure-time 
activity may differ. 
Aim: To investigate non‐linear associations of physical activity with risk 
of heart failure of any cause and of non-ischemic origin in a large prospec-
tive cohort study of 39,805 persons without history of heart failure. 

C:  
Hypothesis: Long-term increased workload as a consequence of prolonged 
endurance training may lead to structural changes in the heart and autonomic 
disturbances, which could increase arrhythmogenicity. 
Aim: To investigate the association of number of completed races and fin-
ishing time in the race with long-term risk of hospitalization for arrhythmias, 
in a cohort of 52,755 participants in a long-distance cross-country skiing 
race, Vasaloppet. 

D:  
Hypothesis: Exercise capacity and muscle strength are each independently 
directly related to the risk of subsequent arrhythmias and inversely related to 
the risk of subsequent vascular disease.  
Aim: We investigated these associations in a prospective cohort of 1.26 
million Swedish young men examined at mandatory military conscription in 
1972-1995.         
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Methods 

Study design 
All of the included studies are designed as longitudinal cohort studies, with 
the purpose to examine the relation of a given exposure (or risk factor) to a 
given outcome (or disease). In three of the studies (study I, III and IV) the 
samples were collected in the general population, while the sample of parti-
cipants in Vasaloppet were considered to represent persons with higher level 
of physical activity than the general population. The studies are summarized 
in Table 1. 

Study samples 

The ULSAM Cohort (Study I) 
The Uppsala Longitudinal Study of Adult Men (ULSAM) is an on-going, 
longitudinal, epidemiological study based on all available men, born be-
tween 1920 and 1924, in Uppsala County, Sweden. In study I we used a re-
examination of the cohort at age 71 as baseline. At this examination, blood 
pressure and ECG recordings were performed, various blood samples were 
collected and the participants completed a questionnaire on medical history 
and lifestyle. The dataset probably represents the world’s largest collection 
of muscle biopsies among healthy elderly men. We excluded men with a 
prior history of cardiovascular disease, rendering a final sample of 466 men 
aged 71 years.  

Medication use, smoking status and alcohol habits were determined in inter-
views and questionnaires. Socioeconomic group was determined using offi-
cial registry data. Blood pressures (SBP and DBP), height, weight and waist 
circumference were measured and BMI were calculated. Diabetes mellitus 
was defined as fasting plasma glucose ≥7.0 mmol/L, 2-hour postload glucose 
≥11.1 mmol/L, or the use of oral hypoglycemic agents or insulin. IL-6, CRP, 
fibrinogen and α -tocopherol were determined by commercially available 
methods.  Insulin sensitivity was represented by glucose disposal rate (mg/kg 
body weight/min) at an euglycemic hyperinsulinaemic insulin clamp (insulin 
infusion rate 56mU/min*m2). Left ventricular mass index (LVMI) was cal-
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culated using echocardiographic M-mode. This study complies with the 
Declaration of Helsinki and all participants gave written informed consent. 
The Ethics Committee of Uppsala University approved the study. 
 
Table 1. Summarizing table of the studies included the thesis 
Study Sample Exposure Outcome 
I 466 71-years old men 

without cardiovascular 
disease 
(Population based 
cohort) 

Skeletal muscle 
fibre type in 
total and by 
physical exer-
cise level 

Cardiovascular disease 

II  39,805 persons without 
heart failure who com-
pleted a questionnaire 
of lifestyle factors and 
medical history 
(Population based 
cohort) 

Total and lei-
sure time phys-
ical activity 

Heart failure of all-cause or 
non-ischemic origin 

III  52,755 participants in 
the 90 km skiing even 
Vasaloppet from 1989-
1998 
(Cohort at the upper 
end of the physical 
activity distribution) 

Number of 
participations 
and best rela-
tive perfor-
mance in 
Vasaloppet 
during the peri-
od 

Primary Outcome:  
Any arrhythmias 
 
Secondary outcomes:  
Atrial fibrillation, brady-
arrhythmias, supraventricu-
lar arrhythmias, ventricular 
arrhythmias/SCD 

IV
  

1.26 million Swedish 
men who participated 
in mandatory military 
conscription between 
1972 and 1995 (at a 
median age of 18.2 
years) 
(Population based 
cohort) 

Exercise ca-
pacity and mus-
cle strength 
(measured as 
hand grip 
strength) at 
conscription  

Primary outcome I: 
Vascular disease 
Secondary outcomes I: 
Ischemic heart disease, heart 
failure, stroke, cardiovascu-
lar death 
 
Primary outcome II 
Any arrhythmias 
Secondary outcomes II 
Atrial fibrillation, brady-
arrhythmias, supraventricu-
lar arrhythmias, ventricular 
arrhythmias/SCD 

SCD: Sudden cardiac death 
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Participants were followed from the baseline examination in 1991-1995 to 
December 31, 2007, with a maximum of 16.3 years of follow-up (median 
13.1 years, 4984 person-years at risk). We used the Swedish national in-
patient and cause-of-death registries, which include all Swedish citizens, to 
define endpoints. To maximize statistical power, we investigated a combined 
endpoint of major adverse cardiovascular events comprising the first event 
of fatal and non-fatal myocardial infarction (International Classification of 
Diseases [ICD]-9 code 410, ICD-10 code I21), fatal or non-fatal stroke 
(ICD-9 codes 430-434, ICD-10 codes I60-64), a first hospitalization for 
heart failure (ICD-9 code 429, ICD-10 code I50) (validated through chart 
review),102 or cardiovascular death (ICD-9 codes 390-459, ICD-10 codes 
I00-99). 

The National March cohort (Study II) 
In September 1997 the Swedish Cancer Society organized a nation-wide 
fund-raising event, the National March (Riksmarschen), with venues in 
around 3,600 Swedish cities and villages. After paying a nominal starting 
fee, participants took a 2-3 km walk. They were also invited to complete a 
32-page questionnaire with detailed questions on physical activity, diet, 
medical history and lifestyle factors. The walk was not mandatory for com-
pleting the questionnaire. In total, 43,880 participants completed and re-
turned the questionnaire.  

All baseline information except history of myocardial infarction was self-
reported through the questionnaire. Gender, treatment of hypertension, dia-
betes and dyslipidaemia were recorded as binary variables. Height, weight, 
waist and hip circumference were recorded on a continuous scale and BMI 
(kg/m2) and waist-hip ratio were calculated. Smoking habits were classified 
into two variables (current smoker [daily smoking for the last six month] and 
numbers of pack-years) and alcohol habits were classified into four groups, 
based on quartiles of the alcohol intake distribution (grams per day). Partici-
pants who had taken snuff (smokeless tobacco) at least once a week since 
more than 6 months were classified as snuff users. Education level was cate-
gorized as “7-9 years”, “10-12 years” or “More than 12 years”. History of 
myocardial infarction before baseline or during follow-up until the heart 
failure diagnosis was assessed through linkage with the Swedish National 
In-patient Register (see below). The study complies with the declaration of 
Helsinki and was approved by the Regional Ethics Review Board at ‘Ka-
rolinska Institutet’  

Accurate record linkages, using the national registration numbers as unique 
personal identifiers, provided information about hospitalization discharge 
diagnoses (from the Swedish National Patient Register); emigration (from 
the Swedish Population Register); and date of death (from the Swedish 
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Cause of Death Register). Follow-up was from October 1, 1997 to December 
31, 2010. We investigated associations of total and leisure-time energy ex-
penditure, respectively, with the risk of heart failure of any cause and of 
non-ischemic origin. We used ICD-10 codes I50.0-9 (or similar ICD-7 
[434.1; 434.2], ICD-8 [427.0; 427.1] or ICD-9 [428.A; 428.B; 428.X] codes) 
to define heart failure of any cause. Cases of heart failure were considered of 
non-ischemic origin if the diagnosis was not at the same time or after a myo-
cardial infarction (ICD-10 codes I21.0-9 or similar ICD-7 [420.10; 420.17] 
ICD-8 [410] or ICD-9 [410] codes). When studying non-ischemic heart fail-
ure only the subsample without myocardial infarction at baseline was con-
sidered for the statistical analysis, and follow-up was censored at time of 
myocardial infarction (if before diagnosis of heart failure). 

 

The Vasaloppet Cohort (Study III) 
All Swedish participants in the 90 kilometre skiing event Vasaloppet who 
completed the race during the period 1989-98 were included in the study. 
Vasaloppet takes place the first Sunday in March every year and is a cross-
country skiing event from Sälen to Mora in Dalarna, Sweden. Approximate-
ly 15,000 participants ranging from recreational to elite skiers complete 90 
kilometres of cross-country skiing. The 90 km Vasaloppet has two competi-
tions: (i) the main race on the first Sunday of March where participants start 
in a large group; (ii) for those who prefer avoiding the stress of the group 
start, there are two additional race days (Öppet spår) where participants can 
start any time within an hour. The trail completed is the same. This study 
includes both participants starting in the main race and in the Öppet spår 
race. During the inclusion period, one race was cancelled (1990, because of 
thawing). Participants with cardiovascular disease were excluded from the 
study. The final study sample comprised 47,477 men and 5,278 women.   

Participants were followed from the last participation in the race during the 
period from 1989-1998 (the baseline date) to the date of first diagnosis of the 
outcome of interest, death, date of emigration, or the end of the follow-up 
(December 31st, 2005). As the national registries were used for follow-up, 
loss-to-follow-up was negligible. The primary outcome was for any ar-
rhythmia (all of the diagnoses below, plus ICD-10: I47.9). As secondary 
endpoint we used 1) Bradyarrhythmias (ICD-10: I44.1, I44.2, I45.2, I45.3, 
I45.9, I49.5); 2) Atrial fibrillation or flutter (ICD-10:  I48.9); 3) Other SVT 
(ICD-10: 45.6, I47.1); 4) VT/VF/SCD (ICD-10: I47.0, I47.2, I46.0, I46.1, 
I46.9, I49.0, R96.0). Both main diagnosis and secondary diagnoses were 
taken under consideration. Note the use of ICD-codes does not allow differ-
entiation between Mobitz-types of AV-block grade II. 
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We investigated finishing time as a categorical variable, divided into four 
groups of percentages of the winning time that year [100–160%, 161–200%, 
201–240%, and >240% (reference group)]. Only the best relative finishing 
time for each individual during the 10-year period was considered. In addi-
tion, we investigated number of races as a categorical variable [1 race (refer-
ence group); 2 races; 3–4 races; and ≥5 races]. Number of races and finish-
ing time before 1989 or after 1998 were not considered in the exposure as-
sessment. The cohort was linked to censuses for 1960, 1970, 1980, and 1990 
to receive information on occupation and educational level. The latest, most 
updated information for each person was used in this study. Occupation was 
grouped into four categories (blue-collar, lower-middle, white-collar, high 
white-collar, and entrepreneur). Highest education level obtained was cate-
gorized as low (elementary school only), medium (secondary school), and 
high (university) levels. There were missing values for education in 3072 
participants and for occupational status in 6331 participants. The study pro-
tocol was approved by the Regional Ethical Review Board, Karolinska Insti-
tutet, Stockholm, Sweden. 

The conscription cohort (Study IV) 
This cohort uses data of all Swedish males who underwent conscription be-
tween August 1st 1972 and December 31st 1995. During that period, military 
conscription was mandatory in Sweden and only 2-3% of all men were not 
conscripted (mainly because of severe disease or handicap). These conscrip-
tions were performed in a standardized fashion, and 1,257,032 men were 
enrolled in the cohort in total. The conscripts had a median age of 18.2 years 
(10th percentile 17.8; 90th percentile 18.9). We excluded 17,206 men with a 
history of prior vascular disease (ICD 10 code I.00-99 or similar ICD-
8/ICD-9 code). The study protocol was approved by the Regional Ethical 
Review Board, Karolinska Institutet, Stockholm, Sweden. 

Using the registries, we defined two primary outcomes: Vascular disease (all 
ICD-codes mentioned in secondary outcomes) and arrhythmia (All ICD-
codes mentioned in secondary outcomes, plus ICD 10 - I47.9). For vascular 
disease the secondary outcomes were 1) Ischemic heart disease (ICD-10: 
I20.0-I25.9), 2) Heart failure (ICD-10: I11.0; I50.0-I50.9), 3) Stroke (ICD-
10: I60.0-I60.9, I61.0-I61.9; I63.0-I63.9; I64.0-I64.9), and 4) Cardiovascular 
death (ICD-10: I00-I99).  For arrhythmias, the secondary outcomes were 1) 
Atrial fibrillation/flutter (ICD-10: I48.9), 2) Bradyarrhythmias (ICD-10 
I44.1; I44.2; I45.2; I45.3; I45.9; I49.5), 3) Supraventricular arrhythmias 
(I45.6; I47.1), and 4) Ventricular arrhythmias/Sudden Cardiac Death (I46.0; 
I46.1, I46.9; I47.0; I47.2; I49.0; R96.0). Corresponding codes for ICD-9 and 
ICD-8 were used. 
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Measurements of physical activity, exercise and 
cardiovascular fitness 
Study I uses physical activity as an important covariate and study II uses 
physical activity as the main exposure (Table 1). Physical activity is defined 
as any form of body movement that require a substantial metabolic demand 
and this covers all activity during the day.1 

Study I and II both uses questionnaires to assess physical activity level but 
have different approaches. Questionnaires covering self-assessed level of 
physical activity, are regarded as adequate instruments to rank level of phys-
ical activity, but are shown to both over- and underestimate physical activity 
and give considerable errors on the individual level when validated with 
more objective measures of physical activity like calorimetry or motions 
sensors.103 Although the ULSAM cohort assess total physical activity level 
by four fairly simple questions (Table 2), questionnaire that has been exter-
nally validated104, 105 and validated against an objective measurement of 
maximal exercise capacity in the present cohort.106 
 
Table 2 Questions used in the ULSAM cohort to assess physical activity level. 
1) Do you spend most of your time reading, watching TV, going to the cinema 
or engaging in other, mostly sedentary, activities? 
2) Do you often go walking or cycling for pleasure? 
3) Do you engage in any active sport or heavy gardening for at least 3 h every 
week?  
4) Do you regularly engage in hard physical training or competitive sport 
The highest positive answer of physical activity level was prevailing, and two categories: 
“physically inactive (no to questions 3 and 4)” and “physically active (yes to question 3 or 4)” 
was created. 

Study II uses a questionnaire of leisure time physical activity that also in-
cludes the intensity of the activity (Figure 2). This is complemented by a 
more complex questionnaire (Figure 3) to assess total physical activity.  The 
questionnaire has been validated to have good reproducibility,107 but has not 
been validated by use of calorimetry or exercise capacity. By use of these 
two questionnaires we were able to estimate the amount (‘dose’) of respec-
tively leisure time and total physical activity.  

Study III and IV use fitness as exposure. Cardiorespiratory fitness is defined 
as the ability of the circulatory and respiratory system to supply skeletal 
muscle with oxygen. Cardiorespiratory fitness is the best predictor of per-
formance in cross-country skiing1 and we therefore assume in Study III that 
performance in Vasaloppet is related to both cardiorespiratory fitness and 
duration of training; number of completed races during the period we as-
sumed is related to duration of training. To get an objective measurement of 
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cardiorespiratory fitness maximal oxygen consumption can be measured. 
This is typically done on a treadmill or an ergometer cycle with simultane-
ous measurement of gas exchange.1 However, this method is resource de-
manding and since a maximal exercise test without measuring gas exchange 
has very good correlation to maximal exercise capacity it can be used as an 
estimate.108, 109 In Study IV we had access to data of maximal exercise ca-
pacity and muscle strength from the conscription of 1.16 million 18 years 
old men. The exact protocols through all years were not available, but the 
protocol from 2001, which according to the conscription authority only has 
minor changes compared to the earlier protocols, was available. Using an 
ergometer bicycle test, maximal exercise capacity was evaluated. After 5 
min of submaximal cycling at 60-70 rpm, the load was gradually increased 
by 25W per min and the conscript continued to cycle to exhaustion. If the 
conscript did not obtain a maximal heart rate >180 bpm, the instructor de-
cided if the conscript should be re-tested. We found a minor shift in the dis-
tribution of maximal exercise capacity in August 1984 (probably due to a 
change of examination protocol) and the observations were standardized in 
groups (before and after August 1984).  Of the available measurements of 
muscle strength, we used handgrip strength measured by a hand dynamome-
ter, which has shown good correlation with lean body mass.110-112 

 
Figure 2. The questionnaire used for assessing the leisure time activity in the Na-
tional March cohort. 

Muscle morphology 
Study I uses skeletal muscle fibre morphology as exposure (Table 1). Mus-
cle biopsies were obtained by use of a Bergström needle from the right 
vastus lateralis muscle under local anaesthesia. Serial transverse sections 
were cut in a cryostat and stained for myofibrillar ATPase. By use of com-
puterized image analysis equipment (Multisync II, BIO-RA SA, Richmond, 
CA, USA) linked to an optical microscope (Leitz, Germany) the proportion 
of type-I, IIa, or IIx were reported as percentage of total fibre area.  
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Figure 3. The energy expenditure questionnaire used to assess total physical activity 
in Study II. One METh corresponds to an energy expenditure of 3.5 ml O2× kg

−1 

×min
−

or 1 kcal/kg body weight per hour which is equal to the energy used by sitting 
quietly for one hour. 

Outcomes  
The unique Swedish national registration number makes it possible to link 
cohorts to different official registers to obtain outcomes and covariates. 
Since the registers cover the whole populations, loss-to-follow-up is mini-
mized to only include emigrated subjects.  

The Swedish National Patient Register 
The Swedish National Patient Register is a register of all hospitalizations in 
Sweden. The register contains demographic information of the patients and 
administrative information of the admission. Further, it contains both prima-
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ry and secondary diagnoses related to the admission as coded by the dis-
charging physician. The diagnoses were recoded using the Swedish Classifi-
cation of Diseases which are based on WHO’s international classifications 
of disease (ICD). ICD-8 was used from 1969; ICD-9 from 1987 and ICD-10 
from 1997.  The register was started in 1964 in selected counties and became 
nationwide in 1987. In 1997 day-surgery and 2001 non-primary outpatients 
were included. Information of primary care is not included.  

The Swedish Cause of Death Registers 
The Swedish Cause-of-Death Register contains data from 1961 and includes 
all information of all deceased registered in Sweden. The register contains 
information of time of death as well as information of cause of death coded 
according to the Swedish classification of Diseases.    

Statistics Sweden  
Statistics Sweden provided information of emigration, educational level and 
socioeconomic index. The registers of emigration and highest educational 
level are updated continuously while information on socioeconomic index is 
obtained at from the Swedish censuses. The latest information of socioeco-
nomic index is from 1990.  

Missing data 
All epidemiological studies experience problems with missing data. If the 
data are not missing completely at random, it may introduce a selection 
mechanism. This mechanism has the potential to introduce bias in the ana-
lyses and has to be corrected for. In study I-III we used the approach of mul-
tiple imputations to account for the missing data. The first stage is to create 
multiple copies of the dataset with missing values replaced by imputed val-
ues. The imputations originate from the predicted distribution and hence 
accounts for the variability of the dataset. The second stage is at the time of 
statistical modelling, and implies pooling results of the model across all the 
imputed datasets to generate a single set of estimates and related standard 
errors from the model. In study IV the proportion of incomplete observations 
was only 1.2 % and since we assumed observations to be missing at random, 
we decided to analyse only complete observations. This decision was also 
partly influenced by the large computer power needed for multiple imputa-
tions in this huge dataset. 
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Statistical Analysis 
All statistical analyses were calculated using the statistical software Stata 
version 12 or 13 (StataCorp LP, USA). 

Hypothesis testing 
In study I differences in baseline variables between strata of physical activity 
and dominant muscle fibre type were tested using t-tests, ANOVAs and chi-
square tests. T-tests were used to test if two means differed from each other, 
and ANOVAs and Tukey’s test for post hoc analysis to test for differences 
in more than two groups. Chi-square tests were used to test differences of 
proportions. 

Directed acyclic graphs  
All studies use the approach of directed acyclic graphs to develop bias-
minimized statistical models. Traditionally, epidemiologists have used their 
intuition, a priori knowledge and simple rules to decide which variables to 
include in the statistical models. That approach can lead to incorrect deci-
sions and may introduce conditional associations (bias).  By using directed 
acyclic graphs we attempted to minimize bias by ensuring that statistical 
models are specified as correctly as possible. An example of a directed acy-
clic graph is presented in figure 4. 

Cox proportional hazard models 
All of the studies use Cox regression to estimate hazard ratios (HR) between 
exposure groups. Cox regression compares events per time unit (hazard 
rates) between different groups in a sample and has the basic assumption 
that the ratio of the rates is constant during follow-up. The hazard rate can 
however vary over time. The proportionality assumption can be assessed by 
inspecting the cumulative incidence in Nelson-Aalen plots. Alternatively it 
is possible to use formal tests such as Schoenfeld’s test. In study II and IV 
we used multivariate regression spline models (a piecewise fitting of poly-
nomial equations) to investigate the shapes of the associations. This is a 
thorough way of assessing non-linear associations. 
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Figure 4. Example of a directed acyclic graph as used to proposed the statistical 
models in Study IV. Exposure: exercise capacity; Outcome: vascular disease. Green 
arrows indicate causal path; red arrows indicates confounding path. 
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Results 

Skeletal muscle morphology is associated with risk of 
cardiovascular disease (Study I) 
In the ULSAM cohort of 466 71-years-old men without cardiovascular dis-
ease, 171 (36.7%) men were characterized as physically inactive and 295 
(63.3%) as active. During median 13.1 years of follow-up, 173 of the 466 
men experienced a cardiovascular event. Baseline characteristics are shown 
in Table 3.  Plots of cumulative incidence of cardiovascular events by physi-
cal activity level and dominant muscle fibre type are shown in Figure 5, and 
corresponding incidence rates in 6. 

Muscle morphology and risk of cardiovascular events 
In the age-adjusted models (model A), a higher proportion of type-I muscle 
fibres was associated with a lower rate of cardiovascular events ([HR] 0.88 
[95% CI 0.79-0.97] per 10% proportional increase) while a higher propor-
tion of type-IIx fibres was associated with a higher rate of cardiovascular 
events (HR 1.19 [95% CI 1.05-1.34] per 10% proportional increase). Adjust-
ing additionally for physical activity (model B) and socio-economic varia-
bles (model C), similar results were seen (Figure 7A). Further adjustment for 
variables in the potential, causal pathways (models D-G), and eventually for 
variables representing all investigated pathways (models H), did not materi-
ally affect the results (Figure 7A). No association of proportion of type-IIa 
fibres with cardiovascular events was seen in any model. 

We further compared the rate of cardiovascular events among those who had 
type-IIa or type-IIx as the dominant muscle fibre type to that among those 
who were type-I dominant. Type-IIx dominant men had a higher rate of car-
diovascular events than type-I dominant men (HR 1.78 [95% CI 1.13-2.82] 
in model A; similar results were observed in models B-H). Rates of cardio-
vascular events did not differ between type-IIa and type-I dominant men 
(Figure 7B). 
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Table 3. Baseline characteristics 
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Figure 5. Cumulative incidence of cardiovascular events by levels of physical activity (A) 
and dominant muscle fibre type (B). 
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Figure 6. Incidence rates of cardiovascular events - by combinations of levels of 
physical activity and dominant muscle fibre type. PYAR: person-years at risk. 

Muscle morphology and risk of cardiovascular events by physical 
activity level 
Because the relation of muscle morphology to risk of cardiovascular events 
was hypothesized to vary by physical activity level, we a priori stratified the 
sample into physically active and inactive persons. An interaction term of 
the product of physical activity and dominant muscle fibre group was of 
borderline statistical significance (p=0.09). In physically inactive men, we 
observed no associations of muscle fibre composition with rate of cardiovas-
cular events in any model (Figure 7A). In contrast, the associations of mus-
cle fibre composition to rate of cardiovascular events observed in the total 
sample were more pronounced among physically active men. In age-
adjusted models A in physically active men, 10% higher proportion of type-I 
fibres was associated with a HR of 0.84 [95% CI 0.74-0.95] for cardiovascu-
lar events, and 10% higher proportion of type-IIx was associated with a HR 
of 1.24 [95% CI 1.06-1.45] for cardiovascular events (similar results were 
observed in models B-H) (figure 7A).  

In the physically active, the rate of cardiovascular events among type-IIx 
dominant men was higher than that in type-I dominant men (HR 2.68 [95% 
CI 1.41-5.09] in model A with almost identical results in models B-H. Type-
IIa dominant men had intermediate risk of cardiovascular events (Figure 
7B). 
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 Figure 7. Risk of cardiovascular events by muscle fibre composition Panel A: 
Risk of cardiovascular events per 10% higher proportion of muscle fibre type (I, IIa, 
IIx). Panel B: Risk of cardiovascular events by groups of dominant muscle fibre 
type, vs. those with type-I as dominant fibre type. Results are hazard ratios HR 
(95% confidence intervals). Models A: Age-adjusted; B: Adjusted for physical ac-
tivity; C: As model B + SES variables; D: As model C + lipid variables; E: As mod-
el C + glucometabolic variables; F: As model C + hemodynamic variables; G: As 
model C + inflammation and oxidative stress variables; H: As model C + variables 
representing all pathways C-G. Models stratified by physical activity level were not 
adjusted for physical activity. 

 

 
Figure 8. Physical activity is important – also at an older age. Photo: Vasaloppet. 
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High levels of total- and leisure time physical activity is 
associated with lower risk of heart failure (Study II)  
Of 39,805 participants in the National March Cohort, 1,545 had a first hospi-
talization due to heart failure of any cause during a median follow-up of 13.3 
years (497,593 person-years at risk . In the subsample of 39,212 participants 
without a history of myocardial infarction before baseline, 1,033 experi-
enced non-ischemic (without preceding or concurrent myocardial infarction) 
heart failure during 486,092 person-years at risk. Compared to participants 
who did not develop heart failure during follow-up, those who did, were 
generally older, more often males, had lower level of education, higher BMI 
and waist-hip ratio and had a higher prevalence of previous myocardial in-
farction, diabetes, hypertension and lipid disturbances (Table 4).  

Leisure-time physical activity 
Median leisure-time physical activity was 2.6 METh/day (IQR 1.3-4.1 . 
Crude models showed lower rates of heart failure of any cause with increas-
ing level of leisure-time physical activity (Table 5). The total effect was 
similar, and the direct effect slightly smaller. For non-ischemic heart failure, 
the crude, total and direct effects of leisure-time physical activity were simi-
lar to those seen for heart failure of any cause (Table 5). Spline models indi-
cated a diminishing risk of heart failure with increasing leisure-time physical 
activity up to approximately 3 METh/day (equals the three highest quin-
tiles), above which the curve levelled off (Figure 9). Similar results were 
observed among participants without previous cardiovascular disease or 
cardinal symptoms of heart disease (Table 7). 

Total physical activity 
Median total physical activity was 36.1 METh/day (IQR 31.3-45.6). Crude 
models for heart failure of any cause showed a lower risk of heart failure 
from the first to the second quintile of total physical activity level. No fur-
ther effect was seen in the higher quintiles (Table 6). Total effects were of 
similar magnitude, but the direct effect was considerably attenuated. For 
non-ischemic heart failure the crude and total effect models showed a lower 
risk of heart failure in the second to fourth quintiles compared to the first 
quintile, but a smaller effect in the fifth quintile. The direct effect was atten-
uated (Table 6). Spline models confirmed the highest incidence of heart 
failure among those with very low total physical activity (<30 METh/day). 
Above 30 METh/day, the curve levelled off (Figure 9). In participants with-
out previous cardiovascular disease or cardinal symptoms of heart disease, 
no substantial association of total physical activity with risk of heart failure 
was observed (Table 8).   
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Table 4. Baseline Characteristics 
 

 
HF: Heart Failure; METh: metabolic equivalent turnover hours; SD: Standard deviation 
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Figure 9. Spline plots of dose-response associations of total and leisure-time physi-
cal activity with risk of heart failure of any cause. Spike plots (in the bottom of the 
graphs) illustrate the distribution of cases in the sample. Similar associations were 
observed with non-ischemic heart failure. Note the different axes. Red lines (leisure-
time physical activity) indicate the interval of the World Health Organization rec-
ommendations of leisure-time physical. 
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Table 5. Risk of heart failure by level of leisure-time physical activity  

 
 ^ Adjusted for age and sex; *Adjusted for age, sex, education and previous myocardial in-
farction; #Adjusted for age, sex, alcohol use, BMI, diabetes, hypertension, myocardial infarc-
tion during follow-up, previous myocardial infarction, smoking, snuff use and waist hip ratio; 
METh: Metabolic energy turnover hours 
 
Table 6. Risk of heart failure by level of total physical activity 

 
^ Adjusted for age and sex; *Adjusted for age, sex, education and previous myocardial infarc-
tion; #Adjusted for age, sex, alcohol use, BMI, diabetes, hypertension, myocardial infarction 
during follow-up, previous myocardial infarction, smoking, snuff use and waist hip ratio; 
METh: Metabolic energy turnover hours 
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Table 7. Risk of heart failure by level of leisure-time physical activity in participants 
without symptoms of or known heart disease 

 
^ Adjusted for age and sex; *Adjusted for age, sex, education and previous myocardial infarc-
tion; #Adjusted for age, sex, alcohol use, BMI, diabetes, hypertension, myocardial infarction 
during follow-up, previous myocardial infarction, smoking, snuff use and waist hip ratio 
METh: Metabolic energy turnover hours 
 
Table 8. Risk of heart failure by level of total physical activity in participants with-
out symptoms of or known heart disease 

 
^ Adjusted for age and sex; *Adjusted for age, sex, education and previous myocardial infarc-
tion;#Adjusted for age, sex, alcohol use, BMI, diabetes, hypertension, myocardial infarction 
during follow-up, previous myocardial infarction, smoking, snuff use and waist hip ratio 
METh: Metabolic energy turnover hours 
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Performance and numbers of participations in 
Vasaloppet are associated with higher risk of 
arrhythmias (Study III) 
Baseline characteristics of the participants in Vasaloppet 1989-98 are shown 
in Table 9. For the primary outcome (any arrhythmia) the median follow-up 
time was 9.7 years (minimum 0.01 years; maximum 16.8 years). Mean age 
at inclusion was 38.5 (SD 12.2) years, and mean age of first diagnosis was 
56.8 (SD 13.5) years 
 
Table 9. Baseline Characteristics  

 
CI, confidence interval; PYAR, person-years at risk. The incidence rate presented is that of 
the primary outcome any arrhythmias.  
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Any arrhythmias  
Among the 52,755 participants in Vasaloppet during the period 1989-98 919 
cases of arrhythmia were reported (incidence rate: 17.9; 95% CI 16.8-
19.1/10,000 PYAR; total PYAR 513,496). Cumulative incidence of ar-
rhythmias by number of completed races and finishing time is shown in 
Figure 10. Adjusting for age, education and occupational status, we observed 
higher incidence of arrhythmias with increasing number of races (HR 1.30; 
95% CI 1.08 -1.58; for ≥5 vs. 1 completed races) and by faster finishing time 
(HR 1.30; 95% CI 1.04-1.62; for 100-160% vs. >240% of winning time) 
(Figure 11). Treating exposure as a continuous variable resulted in a HR of 
1.06 (95% CI 0.99-1.13) by each step of “finishing time group” and a HR of 
1.10 (95% CI 1.03-1.16) by each step of “number of races” group.  A model 
only adjusting for age was also tested showing similar results (data not 
shown). Noteworthy, because of the natural loss of performance with in-
creasing age, the number of elderly athletes in the fastest finishing time 
groups was limited.  
 
Table 10. List of bradyarrhythmia diagnoses 

 
Three patients were diagnosed with both atrioventricular blocks grade II and III. 
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Figure 10. Cumulative incidence of any arrhythmia by finishing time group in per 
cent of winning time and number of completed races during the period 1989–98. 
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Figure 11. Hazard ratios of any arrhythmia with 95% confidence intervals (log 
scale) by finishing time group in percent of winning time and number of previous 
races. Model adjusted for age, occupation and education level. 

Bradyarrhythmias 
During follow-up 119 participants were diagnosed with a bradyarrhythmia 
(incidence rate: 2.3; 95% CI 1.9-2.8 / 10,000 person-years at risk); mainly 
grade II and III atrioventricular blocks and sick sinus syndromes (Table 10). 
When adjusting for age, education and occupational status, higher risk of 
bradyarrhythmias was observed with increasing number of races (HR 2.10; 
95% CI 1.28-3.47; for ≥5 vs. 1 completed races) and with faster finishing 
times (HR 1.85; 95% CI 0.97-3.54; for 100-160% vs. 240% of winning 
time) (Tables 11 and 12). Treating exposure as a continuous variable result-
ed in a HR of 1.29 (95% CI 1.10-1.52) by each step of “number of races” 
group and a HR of 1.16 (95% CI 0.95-1.40) by each step of “finishing time 
group”. As a sensitivity analysis, we excluded potentially non-pathological 
bradyarrhythmias (atrioventricular blocks II and bi- and tri-fascicular 
blocks) from the outcome, with comparable results.    

Atrial fibrillation and flutter 
The most frequent arrhythmia was atrial fibrillation, which occurred in 681 
skiers (13.2; 95% CI 12.3-14.3/ 10,000 person-years at risk). In a model 
adjusted for age, educational and occupational status, we observed higher 
incidence of atrial fibrillation with higher number of races (HR 1.29; 95% CI 
1.04-1.61 for ≥5 vs. 1 completed races) and a tendency to higher incidence 
of atrial fibrillation with faster finishing times (HR 1.20; CI 0.93-1.55; for 
100-160% vs. 240% of winning time) (Tables 11 and 12). Treating exposure 
as a continuous variable resulted in a HR of 1.09; 95% CI 1.02-1.17 by each 
step of “number of races” group and a HR of 1.04; 95% CI 0.96-1.13 by 
each step of “finishing time group”. 

 



 45 

Table 11 Risk of secondary outcomes by finishing time group

 
Data are hazard ratios with 95% confidence intervals, by groups of finishing time in percent 
of winning time. Results adjusted for age, occupation and education level. PYAR, Person-
years at risk.  

Other arrhythmias 
The secondary endpoints of other SVT (n=105) and VT/VF/SCD (n=90) 
were analysed in the same way. No associations of number of completed 
races or finishing time group with risk of SVT or VT/VF/SCD were found 
(Tables 11 and 12). 

 
Table 12. Risk of secondary outcomes by number of completed races

 
Data are hazard ratios with 95% confidence intervals, by number of completed races. Results 
adjusted for age, occupation and education level. PYAR, Person-years at risk. 
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Exercise capacity and muscle strength in adolescence 
and risk of vascular disease and arrhythmias (Study IV) 
In a cohort of 1.26 millions 18-years old men the participants were followed 
until a median age of 44.6 years (median time at risk 26.3 years). This re-
sulted in 29.8 millions person-years at risk. Baseline characteristics are 
shown in Table 13.  

Vascular disease 
During follow-up, we identified 26,088 vascular disease events (Ischemic 
heart disease: 12,188; Heart failure: 3,949; Stroke: 7,350; Cardiovascular 
death: 5,873; a person could contribute to more than one secondary end-
point). Cumulative incidence of vascular disease is shown in Figure 12. We 
observed an inverse association of exercise capacity with risk of vascular 
disease, with a more pronounced association after adjusting for blood pres-
sure and weight (Figure 13; Table 14 and 15). The association was of similar 
strength with all of the secondary endpoints; ischemic heart disease, heart 
failure, stroke and cardiovascular death (Figure 14; Table 16).  

Similarly, we found an inverse association of muscle strength with risk of 
vascular disease, although of smaller magnitude than that of exercise capaci-
ty (Figure 13 + Table 14 and 15). Again, associations were more pronounced 
in models adjusting for blood pressure and weight than in those without 
these covariates (Table 14 and 15). The associations with cardiovascular 
death and heart failure were stronger than those with stroke and ischemic 
heart disease (Figure 14; Table 16).  

There was no evidence of a deviation from a multiplicative effect of exercise 
capacity and muscle strength; their joint effects are shown in Figure 12 and 
Table 14. 

   
Figure 12.  Unadjusted cumulative incidences of vascular disease and arrhythmias 
by joint groups of exercise capacity and muscle strength defined as high/low by 
median values. E: Exercise capacity S: Muscle Strength 
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Table 13. Baseline characteristics 

 

Arrhythmias  
During follow-up, we identified 17,312 arrhythmias (Atrial fibrilla-
tion/flutter: 9,668; Bradyarrhythmias 1,384; Supraventricular tachycardias:  
3,278; Ventricular arrhythmias/sudden cardiac deaths 1,630; Unspecified 
arrhythmias 1,352). Cumulative incidence of arrhythmias is shown in Figure 
12, which indicates that arrhythmias on average occurred at a younger age 
than vascular disease events. We found a U-shaped association of exercise 
capacity with risk of arrhythmias. The association was similar after addition-
ally adjusting for blood pressure, weight and ischemic heart disease (Figure 
13; Table 14 and 15). This pattern was driven by an association of higher 
exercise capacity with higher risk of atrial fibrillation/flutter and a U-shaped 
association with bradyarrhythmias (Figure 15; Table 17). No associations of 
exercise capacity with supraventricular arrhythmias or ventricular arrhyth-
mias/sudden cardiac deaths were found (Figure 15; Table 17).  
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Table 14. Incidence rates and cox proportional hazard ratios (95%CI) for vascular 
disease and arrhythmias, comparing joint groups of maximal exercise capacity and 
muscle strength defined as high/low by median values. 

  

Higher muscle strength was associated with lower risk of arrhythmias. This 
association was more pronounced after adjusting for weight, blood pressure 
and ischemic heart disease (Figure 13; Table 14 and 15). The main associa-
tions were of higher muscle strength with lower risk of bradyarrhythmia and 
ventricular arrhythmias/cardiac arrest (Figure 15; Table 17). No associations 
of muscle strength with atrial fibrillation and supraventricular arrhythmias 
were found.  

There was no evidence of a deviation from a multiplicative effect of exercise 
capacity and muscle strength; their joint effects are shown in Table 15.  
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Figure 13. Relations of exercise capacity and muscle strength to risk of vascular 
disease and arrhythmias. Solid line represents relative hazard and dashed lines are 
95% confidence interval limits; from multivariable regression spline Cox propor-
tional hazards. Model B adjusted for age, conscription date, region, education level, 
height and muscle strength/exercise capacity (muscle strength adjusted for exercise 
capacity, and vice versa) systolic and diastolic blood pressure, weight and ischemic 
heart disease (for arrhythmia outcomes only). Only observations between 1 and 99 
percentiles are shown.  
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Figure 14 Relations of exercise capacity and muscle strength to risk of secondary 
endpoints of vascular disease. Solid line represents relative hazard and dashed lines 
are 95% confidence interval limits, from multivariable regression spline Cox pro-
portional hazards Model B adjusted for age, conscription date, region, education 
level, height and muscle strength/exercise capacity (muscle strength adjusted for 
exercise capacity, and vice versa) systolic and diastolic blood pressure and weight. 
Only observations between 1 and 99 percentiles are shown.  

1
2

3
4

Re
lat

ive
 h

az
ar

d

400 500 600 700 800 900

1
2

3
4

Re
lat

ive
 h

az
ar

d

150 200 250 300 350 400

1
2

3
4

Re
lat

ive
 h

az
ar

d

400 500 600 700 800 900

1
2

3
4

Re
lat

ive
 h

az
ar

d

150 200 250 300 350 400

1
2

3
4

Re
lat

ive
 h

az
ar

d

400 500 600 700 800 900

1
2

3
4

Re
lat

ive
 h

az
ar

d

150 200 250 300 350 400

1
2

3
4

Re
lat

ive
 h

az
ar

d

400 500 600 700 800 900

1
2

3
4

Re
lat

ive
 h

az
ar

d

150 200 250 300 350 400



 51 

 
Figure 15. Relations of exercise capacity and muscle strength to risk of secondary 
endpoints of arrhythmias. Solid line represents relative hazard and dashed lines are 
95% confidence interval limits; from multivariable regression spline Cox propor-
tional hazards Model B  Adjusted for age, conscription date, region, education level, 
height and muscle strength/exercise capacity (muscle strength adjusted for exercise 
capacity, and vice versa) systolic and diastolic blood pressure, weight and ischemic 
heart disease. Only observations between 1 and 99 percentiles are shown. 
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Table 15.  Cox proportional hazard ratios (95% CI) for vascular disease and ar-
rhythmias comparing fifths of exercise capacity and muscle strength. 
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Table 16.  Cox proportional hazard ratios (95% CI) for secondary endpoints of 
vascular disease comparing fifths of exercise capacity and muscle strength. 
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Table 17. Cox proportional hazard ratios (95% CI) for secondary endpoints of ar-
rhythmias, comparing fifths of exercise capacity and muscle strength 
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Discussion 

Main findings 
In Study I we found that skeletal muscle morphology is associated with risk 
of cardiovascular events in a cohort of 71-year-old men without pre-existing 
cardiovascular disease. We found that high proportion of type-I (slow-
twitch, oxidative) skeletal muscle fibres was associated with lower risk of 
cardiovascular disease, while high proportion of type-IIx (very fast-twitch, 
glycolytic) muscle fibres was associated with higher risk of cardiovascular 
disease. Of note, these associations were only seen among physically active 
men. While earlier studies have shown associations of skeletal muscle mor-
phology with cardiovascular risk factors,58, 113-116 we investigated the direct 
association of skeletal muscle morphology with cardiovascular disease for 
the first time in a prospective cohort study.  

In Study II we observed an inverse dose-response association of leisure-time 
physical activity with the risk of developing heart failure. This was mainly 
seen in the lowest interval 0-3 METh/day with little additional effect above 
3 METh/day. These results were consistent after adjusting for a large num-
ber of known potential confounding factors. Likewise, higher total physical 
activity was associated with lower risk of heart failure. Nevertheless, the 
effect was smaller and considerably attenuated after adjusting for confound-
ing variables. The effect of both high leisure-time and total physical activity 
was similar for heart failure of any cause and for non-ischemic heart failure. 
A few other large cohort studies have investigated relations of physical ac-
tivity with risk of heart failure with similar results.117-120 We have, however, 
by use of a recently developed energy expenditure questionnaire on total 
physical activity, and addition of intensity to leisure time physical activity, 
been able to plot the shape of the dose-response relations of physical activity 
and risk of heart failure.  

Study III shows an increased risk of developing atrial fibrillation and brady-
arrhythmias among those who had completed most races of Vasaloppet dur-
ing a ten years period. The study confirms earlier smaller case-control stud-
ies that have shown increased risk of atrial fibrillation/flutter in athletes,43-46, 

121-123 and extends current knowledge by providing cohort study data on per-
sons in the higher end of the distribution of physical activity. The study fur-



 56 

ther adds new knowledge of the relations of high levels of physical activity 
with risk of bradyarrhythmias.  

In Study IV we found that among 18-year-old men, both higher exercise 
capacity and muscle strength were independently associated with lower risk 
of developing vascular disease later in life. The associations were seen 
across a range of major vascular disease events (ischemic heart disease, 
heart failure, stroke and cardiovascular death). However, only weak associa-
tions of muscle strength with risk of ischemic heart disease and risk of 
stroke were observed. We further found a U-shaped association of exercise 
capacity with risk of arrhythmias. This association was driven by a higher 
risk of atrial fibrillation with higher exercise capacity and a U-shaped asso-
ciation with bradyarrhythmias. Additionally, we found an association of 
higher muscle strength with lower risk of arrhythmias. This association was 
mainly caused by a lower risk of bradyarrhythmias and ventricular arrhyth-
mias with higher muscle strength. This confirms earlier studies of middle-
aged and elderly. Further, the study for the first time relates objective 
measures of cardiorespiratory fitness to increased risk of atrial fibrilla-
tion/flutter.  

Physical activity and vascular disease 
Three studies from this thesis investigate associations of physical activity or 
exercise capacity with risk of vascular disease. All studies support earlier 
findings of lower incidence of vascular disease by higher levels of physical 
activity or exercise capacity.6-8, 10-13 Furthermore study IV supports earlier 
findings of lower incidence of vascular events with higher muscle 
strength.18-26 The latter was somewhat surprisingly driven by a lower rate of 
heart failure and cardiovascular death while the associations of muscle 
strength with ischemic heart disease and stroke were of considerable lower 
magnitude. High amounts of physical activity have been associated with 
lower risk of hypertension,49, 124 diabetes mellitus125, 126 and more favourable 
lipid profile.56, 57 Furthermore, a low amount of physical activity has been 
associated with poorer vascular health,127 autonomic dysfunction87 and high-
er systemic inflammation.128, 129 Of note there may exist a link from skeletal 
muscle to lower systemic inflammation, since skeletal muscles are known to 
act as an endocrine organ by secreting cytokines as a response to an acute 
bout of exercise.130 Whether the cytokine response directly is involved in the 
anti-inflammatory effect of exercise is still debated, but it is suggested that at 
least IL-6 has some anti-inflammatory properties when not accompanied by 
an elevation of TNF-α.131 In study I we explored how some inflammatory 
variables, related to low-grade systemic inflammation, affected the associa-
tion of skeletal muscle with risk of cardiovascular disease. Inflammatory 
markers did not affect the result to any major extent, suggesting that this 
pathway is not important for the association between skeletal muscle mor-
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phology and cardiovascular disease. Nevertheless, the relation between skel-
etal muscle signalling and inflammation is complex and to date only partly 
understood, and exercise-induced changes in the inflammatory response are 
likely not fully reflected in the single measurement of cytokines in this 
study. In summary, the effect of physical activity is only partly mediated by 
a reduction of traditional risk factors of vascular disease. However, an hith-
erto unexplained effect of physical activity on risk of vascular disease exists, 
motivating studies of novel risk factors.  

The pro-arrhythmic effect of exercise  
It is generally accepted that arrhythmias depend on triggers, modulators and 
a substrates. Most atrial fibrillation episodes start with an extra systole from 
the pulmonary vein or left atrium.132 The finding of increased premature 
ventricular complexes in athletes suggests that athletes also could have trig-
gers in the form of more premature atrial complexes;133, 134 but the evidence 
is inconsistent.135, 136 The autonomic nervous system may be a modulator of 
atrial arrhythmias since endurance trained athletes have vagal cardiac pre-
dominance.136  This shortens and increases dispersion of the atrial refractory 
period, creating conditions for atrial re-entry.137 Vagally initiated atrial fi-
brillation during sleep is very common in patients with lone atrial fibrilla-
tion, which we suppose is the dominant atrial fibrillation variant among 
trained athletes.138 Chronic volume and pressure overload may increase fi-
brosis and dilation of the atrium, which act as a substrate for atrial fibrilla-
tion.139 The prolonged strain of long-term endurance sports could induce 
similar atrial changes, which could be the first step on the path to developing 
atrial fibrillation. This is supported by studies showing that among veteran 
athletes, biomarkers of collagen equilibrium are disrupted and favouring 
fibrosis development.140 Further, animal models have shown dilated atria 
with increased fibrosis after excessive training.141, 142 Earlier case-control 
studies report higher incidence of atrial fibrillation in endurance sports 
trained athletes but the relation has not been investigated in large-scale co-
horts studies.43-46  

The study of participants in Vasaloppet (Study III) showed an about 30% 
increased risk of atrial fibrillation among participants who had completed 
five or more races compared to those who only completed one or two races 
during a ten years period. Age-adjusted relative performance only showed a 
non-significant effect in the fastest group. This suggests that the accumulat-
ed amount of training is more important than actual fitness, which depends 
not only on cardiorespiratory fitness but is a combination of physical, physi-
ological, biomechanical and psychological characteristics of the athlete.  

The finding in Study IV that high exercise capacity in adolescence was asso-
ciated by an increased risk of subsequent development of atrial fibrillation 
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may let one to speculate that the observed effect may be due to several fac-
tors, such as training; an effect of factors in childhood or adolescence; or 
even an effect of genetic factors. We know from earlier studies that active 
children also are more active as adults,143 suggesting that active children 
have increased propensity to high physical activity later in life. Altogether, 
this supports that the accumulated amount of training during life may be 
important for the risk of developing atrial fibrillation. However, these stud-
ies are of observational nature and conclusions of causality should be drawn 
very carefully. It is possible that other factors linked to the exposure rather 
than the amount of exercise in later life contributes to the associations. 

Distinctly or mildly abnormal ECGs have been observed in as much as 50-
60% of all athletes.144 Sinus bradycardia, grade I AV block and grade II Mo-
bitz type I AV block should be considered as normal findings,144-148 but even 
the incidence of pathological AV-block grade III are reported more frequent-
ly among athletes than in the general population.147 Further, one earlier study 
reports a higher rate of subclinical sinus node dysfunction among retired 
elite cyclists.135 While the effect of exercise on risk of atrial fibrillation is 
novel, the finding of an approximately two-fold higher risk of subsequent 
hospitalization for bradyarrhythmias in both the group of athletes completing 
most races of Vasaloppet and among those with best performance in the race 
novel. Of note, in order to capture clinically relevant bradyarrhythmias (i.e. 
potentially requiring a pacemaker), sinus bradycardia and grade I atrioven-
tricular block were not included in this outcome. However, the use of ICD 
codes did not provide the opportunity to differ between atrioventricular 
blocks II Mobitz type I and II. For this reason, it is possible that some nor-
mal variants are included as pathological findings but grade II atrioventricu-
lar block only represents 23% of the bradyarrhythmia cases, and the results 
were consistent after excluding potentially non-pathological bradyarrhyth-
mias (AV blocks II and bi- and tri-fascicular blocks) from the outcome. The 
finding is also supported by the study of conscripts (Study IV) by a U-
shaped association of exercise capacity with risk of bradyarrhythmias to 
exercise capacity. The spline plot shows that the conscripts with the lowest 
risk of bradyarrhythmias had intermediate exercise capacity. Although the 
effect is small, this indicates an increased risk of bradyarrhythmias both in 
poorly and in well-trained persons. It is possible that the higher risk of brad-
yarrhythmias in persons with low exercise capacity could be a consequence 
of higher risk of vascular diseases. Interestingly, there may be a link be-
tween bradycardia and increased risk of atrial fibrillation since atrial size, 
long PQ time and bradycardia seem to be risk factors for atrial fibrillation 
among endurance trained athletes.122 In brief, a history of high amount of 
endurance training is associated with higher risk of atrial fibrillation and 
bradyarrhythmias. The relative increase of atrial fibrillation could seem 
modest, but the prevalence of atrial fibrillation among 85-year-old individu-
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als is as high as 14%,149 and the public health impact of even a small relative 
increase of atrial fibrillation is considerable. Proposed mechanisms of en-
durance training and resistance training on risk of vascular disease and ar-
rhythmias are shown in figure 16. 

 
Figure 16 Proposed mechanisms of endurance training and resistance training on 
risk of vascular disease and arrhythmias. A: Both endurance training and resistance 
training lead to a reduction of vascular disease risk factors, leading to lower inci-
dence of these diseases. B: Both endurance training and resistance training leads to 
transition of skeletal muscle fibre composition by increasing levels of type IIa fibres 
at the expense of type IIx fibres. This leads to a lower incidence of vascular disease. 
C: An unexplained effect is however still present D: The lower incidence of vascu-
lar disease leads to lower incidence of arrhythmias. E: Endurance training increases 
triggers, substrates and modulators. The total impact of endurance training is an 
increased risk of atrial fibrillation and bradyarrhythmias.  

Better to be strong or fit? 
One of the overarching hypotheses we wanted to test was that endurance 
training and resistance training might lead to different cardiac risk profiles as 
a consequence of different cardiac adaptations. The athletes heart hypothesis 
suggest that specific types of training lead to specific cardiac adaptations; in 
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that endurance-trained athletes tend to develop eccentric left ventricular 
changes as response to volume load and resistance-trained athletes tend to 
develop concentric left ventricular changes as a response to pressure load. 
The latter largely mimics the changes seen among hypertensive patients29, 150 
and one could speculate that this will lead to a higher risk of heart failure as 
seen among hypertension patients.  

In study I of men without any cardiovascular disease we hypothesized that 
the muscle fibre type may reflect which type of exercise the person has pre-
ferred and may hence also reflect cardiac adaptation to that exercise. How-
ever, adjusting for hemodynamic variables such as left ventricular mass, did 
not affect the result of the study, suggesting that athlete’s heart-like phe-
nomena did not explain the relation of skeletal muscle morphology to cardi-
ovascular events. This contrasts a smaller scale Finnish study showing that 
low amount of type-I muscle fibre predicts unfavourable left heart geometry, 
weigh gain and hypertension.114 Yet, interpretation of heart geometry among 
elderly is not straightforward and little is known about how risk factors that 
may be important in the young heart, may affect the aging heart.  

In study II of the associations of leisure time and total physical activity with 
risk of heart failure, we found that the association of leisure time physical 
activity with heart failure was greater than that of total physical activity. 
Leisure-time physical activity – which is mostly endurance exercise, leading 
to a reduction of systemic vascular resistance – might be more protective 
than work-related physical activity which mostly is of a resistance training 
character (e.g. heavy lifting). Work-related activity might partly explain the 
differences between leisure-time and total activity observed. Although the 
sensitivity analyses may indicate a U-shaped association between total phys-
ical activity and risk of heart failure, confidence intervals were wide and 
non-conclusive.  

Study IV of conscripts investigates how exercise capacity and muscle 
strength is related to risk of vascular diseases including heart failure. Alt-
hough other factors than training affects both exercise capacity and muscle 
strength, we believe there is some relation between the two types of training 
and the two fitness measures. High levels of exercise capacity are expected 
to be seen in person with high amount of endurance training; high levels of 
muscle strength are expected to be seen among persons with high amount of 
resistance training. While high exercise capacity was strongly associated 
with a lower risk of all secondary endpoints of vascular disease, there was 
almost no association of muscle strength with ischemic heart disease and 
stroke. Surprisingly, we found a very strong association of higher muscle 
strength with lower risk of heart failure, which contradicted our original 
hypothesis. In conclusion, all studies support a lower risk of vascular disease 
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by higher levels of physical activity no matter of modality. Nevertheless, the 
beneficial association seems to be largest for endurance training. Potential 
health benefits or adverse effects of different modalities of training are 
summarized in table 18 

Can you exercise too much? 
As a clinician you are often faced with the question: “Can you exercise too 
much?” The answer depends on many factors. Athletes with pre-existing 
heart disease have higher risk of sudden cardiac death and many countries 
have applied screening programs in order to identify individuals at risk. The 
Swedish National Board of Health and Welfare recommends, in accordance 
with the recommendations of the European Society of Cardiology, that all 
athletes competing at elite level should have a physical evaluation including 
personal and family medical history, physical examination, and resting ECG. 
Only if these investigations reveal abnormal findings, further examinations 
(like echocardiography or stress testing) should be performed.151 The specif-
ic sports associations define which athletes who are regarded as elite. What 
specific heart conditions that disqualify athletes to participate at competitive 
level are stated in the recommendations of European Society of 
Cardiology.152  

Study II-IV evaluated different levels of physical activity or fitness measures 
in samples of a wide range of the Swedish population. We found a lower 
incidence of a wide range of major cardiovascular diseases by increasing 
exercise capacity. Further, we found a protective effect of both total and 
leisure time physical activity and muscle strength on heart failure. These 
positive effects of physical activity are strongest in people with relatively 
low physical activity, but a protective effect is seen throughout the whole 
spectrum of physical activity/exercise capacity levels. In contrast we find an 
higher risk of arrhythmias by higher performance and number of completed 
races in Vasaloppet during a ten-years period. Furthermore, higher exercise 
capacity in adolescence was asssociated to a higher risk of atrial fibrillation 
later in life. Importantly, this was not accompagnied by a higher incidence of 
stroke, the most serious complication of atrial fibrillation. Further, we do not 
find an higher risk of the potentially lethal ventricular arrhythmia or sudden 
cardiac death. To summarize, although there are specific groups who should 
avoid competitive sports because of higher risk of sudden cardiac death, and 
endurance trained individuals seems to a have higher incidence of arrhyth-
mias, the total impact of exercise on the population is associated with lower 
risk of disease. The effect of exercise on vascular diseases is highest among 
persons with low physical activity, but an effect is seen through the whole 
spectrum of physical activity.  
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Strengths and weaknesses of the studies 
All of the studies in this thesis are designed as cohort studies. Although co-
hort studies are considered as the most reliable type of observational studies, 
the study design is per se observational and must be considered to be hy-
pothesis-generating and therefore no firm causal conclusions can be drawn 
from the studies. However, when several studies come to the same conclu-
sions that may suggest causal relations. Further, if such studies are later 
combined in meta-analyses, they are considered being of high evidence lev-
el. 

It is possible that some of the associations we found are results of reverse 
causation. Study I explored muscle morphology finding lower risk of cardi-
ovascular disease with higher amount of type I fibres while type IIx fibres 
were associated with adverse prognosis. Chronic diseases (like chronic heart 
failure, severe angina pectoris or chronic obstructive lung disease) frequent-
ly lead to skeletal muscle morphology adaptions characterized by atrophy, 
declining capillary density and decreased strength, but also a higher propor-
tion of type-II fibres.99-101 It is also likely that persons with one of these 
chronic diseases have lower physical activity and they may also be associat-
ed with later cardiovascular events, these conditions may both confound our 
results and lead to competing risk. In study II reverse causation may exist 
since pre-existing disease could lead to lower performance in Vasaloppet. In 
study III we explored the possibility that chronic diseases led to lower phys-
ical activity (i.e. reverse causation) by performing a sensitivity analysis. We 
excluded all participants with previous cardiovascular disease or participants 
who had experienced chest pain, palpitations or breathlessness before inclu-
sion, and reanalysed the data starting follow-up two years after baseline. In 
study IV the early inclusion age of the participants minimizes the risk of 
reverse causation by pre-existing cardiac disease. 

One of the fundamental challenges of observational studies is how to deal 
with confounding variables (variables related to both exposure and out-
come). To estimate an unbiased effect of an exposure on an outcome one has 
to condition on potential confounding variables. Nevertheless, conditioning 
on some variables may in itself introduce bias. Of note, no matter how many 
variables included in the study, there is always a risk of not including an 
important confounder leading to residual confounding (potential confound-
ing by factors or variables not yet considered in the analysis - these may be 
directly observable or not153).  
 



 63 

Table 18. Summarizing table of potential health benefit or adverse effects of endur-
ance training or resistance training.   
Study Resistance training Endurance training 
I + 

Resistance training leads to lower 
amount of type IIx fibres that are 
associated with higher risk of cardio-
vascular events.  
 

+  
Endurance training leads to de-
creased amount of type IIx fibres that 
are associated with higher risk of 
cardiovascular events. 
(+)  
If the amount of endurance training 
during the past is reflected in higher 
proportion of type I fibres it leads to 
lower risk of cardiovascular events. 
This is however hypothetical, and 
evidence is sparse. 

II (-) 
A sensitivity analysis of persons 
without cardiac symptoms showed a 
tendency to higher risk of heart fail-
ure by high total physical activity, 
which was assumed mainly to be 
driven by work-time physical activity, 
which tends to be of resistance char-
acter. However, wide confidence 
interval and non conclusive 

++ 
The lowest risk was seen with high 
levels of leisure time physical activi-
ty. Leisure time sports activity is 
assumed to be mostly of endurance 
type 

III  -- 
Higher number of completed races 
was associated with higher incidence 
of any arrhythmias, atrial fibrillation 
and bradyarrhythmias.  
Performance in the race was associ-
ated with higher risk of brady-
arrhythmias. 

IV ++ 
Associated with lower risk of the 
combined endpoint vascular diseases.  
+++ 
Considerable association with lower 
risk of heart failure and cardiovascu-
lar death.  
++ 
Considerable association with lower 
risk of ventricular arrhythmi-
as/cardiac arrest, but wide confidence 
intervals.  
+ 
Limited associations with lower risk 
of ischemic heart disease and stroke.   

+++ 
Associated with lower risk of a large 
number of vascular diseases. 
- 
Associated with higher risk of atrial 
fibrillation and possibly brady-
arrhythmias. 
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The different measurements of physical activity and exercise capacity in the 
studies have different advantages and limitations. While questionnaires are 
not exact measures of physical activity, they have been proven to give a 
fairly good reflection of physical activity level. This means that you need to 
be careful in selecting questionnaires. We have ensured that the question-
naires used in thesis studies were validated at least to some extent. In study I 
the questionnaire of physical activity has been shown to be correlated to 
exercise capacity.106 In study II the energy expenditure questionnaire has 
been validated to be reproducible.154 However, common for the two ques-
tionnaires are that they have not been evaluated to objective measures of 
physical activity such as motion sensors or doubly labelled water. In study 
IV we evaluated exercise capacity by use of bicycle ergometry that is con-
sidered to be one of the best tests of exercise capacity. Nevertheless, what do 
we really want to measure? If we consider maximal exercise capacity as a 
measure of physical activity before the test, this would be biased by for ex-
ample genetic or dietary factors. Furthermore, we do not know how changes 
in exercise capacity later in life influences the risk of disease or if you can 
consider a person with high exercise capacity in adolescence also having 
high exercise capacity later in life.  

In study III we assumed that the number of completed races was related to 
amount of training, and that performance in the race was related to cardi-
orespiratory fitness. Since performance not only is related to cardiorespirato-
ry fitness, but also physical, physiological, biomechanical and psychological 
characteristics of the athlete, it is possible that we over- or underestimate 
cardiorespiratory fitness. Furthermore, many participants are likely commit-
ted to other sports activities during the summer. Indeed, in an earlier study of 
this population, 79.1 % participants, compared to 29.5% in the normal popu-
lation, reported strenuous exercise over the last year.155 Hence, the exposure 
measure may reflect all-year activity, which on the other hand may be 
viewed as a strength.        

The population samples used in the studies are all unique. In study I we had 
access to the worlds largest collection of muscle biopsies in a population-
based study. Study II had access to a novel way of evaluating total physical 
activity. In Study III the sample consisted of over 52,000 athletes ranging 
from recreational to elite athletes and study IV had information of more than 
1,2 million physical examinations, including exercise capacity and muscle 
strength, of 18-year-old men, The studies cover a wide range of the Swedish 
population but in study I and IV only men were included, and in study III the 
number of women was limited. The generalizability from these studies to 
women, other ethnic groups or ages is unknown. The studies used linkages 
to nation wide registers to obtain the cardiovascular outcome data. This ap-
proach minimizes lost-to-follow-up and by use of the In-patient Register 
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includes only events severe enough to motivate hospitalization. Consequent-
ly the accuracy of diagnoses are expected to be good.156 
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Conclusions 

Skeletal muscle morphology was associated with risk of cardiovascular dis-
ease. High levels of type-I skeletal muscle fibres were associated with low 
risk of cardiovascular disease, while high levels of type IIx skeletal muscle 
fibres were associated with high risk of cardiovascular disease. The potential 
mechanistic pathways still remain unknown.  

Leisure-time physical activity was inversely related to risk of developing 
heart failure. A dose-response association was present, with decreasing risk 
with increasing level of leisure-time physical activity. Only little additional 
benefit was present above 3 METh/day. This corresponds well with general 
recommendations of at least 150 min moderate intensity physical activity per 
week. Most of the effect was direct, with little observed mediation by other 
investigated risk factors. Total physical activity was also inversely related to 
risk of developing heart failure. The largest effect was seen in the lower end 
of the physical activity distribution with little additional effect in the higher 
end of physical activity distribution. 

Finishing time and number of races in a 90 km skiing event during a ten 
years follow-up was associated with higher risk of arrhythmias. This was 
mainly driven by a higher risk of atrial fibrillation and bradyarrhythmias. No 
association between number of completed races or finishing time and other 
SVT or dangerous arrhythmias such as VT/VF/SCD was observed. 

Higher exercise capacity and higher muscle strength in late adolescence 
were independently associated with lower risk of subsequent vascular dis-
ease in a large cohort of young men. It is possible that different modes of 
training do not differ substantially in their potential of preventing vascular 
disease. We observed a U-shaped association of exercise capacity with risk 
of arrhythmias, driven by a direct association with higher risk of atrial fibril-
lation/flutter and also a similar U-shaped association with risk of brady-
arrhythmias. Higher muscle strength was associated with lower risk of ar-
rhythmias, driven by a lower risk of bradyarrhythmias and ventricular ar-
rhythmias. The lower risk of vascular events with higher exercise capacity 
did not appear to be outweighed by higher risk of arrhythmias. 
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Summarized, the studies in this thesis suggest an association of physical 
activity level with risk of atrial fibrillation, mainly at high levels of physical 
activity and mainly with endurance-type exercise. The increased risk of atri-
al fibrillation seems not to lead to an increased risk of stroke. In contrast, we 
observed lower risk of vascular diseases with higher physical activity, exer-
cise capacity and muscle strength. The total impact of higher physical activi-
ty on cardiovascular disease is positive. 
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