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“If you have an apple and I have an apple and we exchange these apples then 

you and I will still each have one apple. But if you have an idea and I have an 

idea and we exchange these ideas, then each of us will have two ideas.” 

George Bernard Shaw   
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ABSTRACT 

Despite major advances in the treatment and prevention of atherosclerosis 
the last several decades, cardiovascular disease still accounts for the majority 
of deaths in Sweden. With the population getting older, more obese and with 
rising numbers of diabetics, the cardiovascular disease burden may increase 
further in the future.  

The focus in cardiovascular disease has shifted with time from calcification 
and narrowing of arteries to the biological processes within the 
atherosclerotic plaque. C-reactive protein (CRP) has emerged as one of many 
proteins that reflect a low grade systemic inflammation and is suitable for 
analysis as it is more stable and easily measured than most other 
inflammatory markers. Several large prospective studies have shown that 
CRP is not only an inflammatory marker, but even a predictive marker for 
cardiovascular disease. C-reactive protein is associated with several other 
risk factors for cardiovascular disease including obesity and the metabolic 
syndrome. 

Our study of twenty healthy men during a two week endurance cross country 
skiing tour demonstrated a decline in already low baseline CRP levels 
immediately after the tour and six weeks later. 

In a study of 200 obese individuals with impaired glucose tolerance 
randomised to a counselling session at their health care centre or a one 
month stay at a wellness centre, we found decreased levels of CRP in subjects 
admitted to the wellness centre. The effect remained at one, but not after 
three years of follow-up. 

In a prospective, nested, case-referent study with 308 ischemic strokes, 61 
intracerebral haemorrhages and 735 matched referents, CRP was associated 
with ischemic stroke in both uni- and multivariate analyses. No association 
was found with intracerebral haemorrhages. When classifying ischemic 
stroke according to TOAST criteria, CRP was associated with small vessel 
disease. The CRP 1444 (CC/CT vs. TT) polymorphism was associated with 
plasma levels of CRP, but neither with ischemic stroke nor with intracerebral 
haemorrhage. 

A study on 129 patients with atrial fibrillation was used to evaluate whether 
inflammation sensitive fibrinolytic variables adjusted for CRP could predict 
recurrence of atrial fibrillation after electrical cardioversion. In multivariate 
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models, lower PAI-1 mass was associated with sinus rhythm even after 
adjusting for CRP and markers of the metabolic syndrome.  

In conclusion, lifestyle intervention can be used to reduce CRP levels, but it 
remains a challenge to maintain this effect. CRP is a marker of ischemic 
stroke, but there are no significant associations between the CRP1444 
polymorphism and any stroke subtype, suggesting that the CRP relationship 
with ischemic stroke is not causal. The fibrinolytic variable, PAI-1, is 
associated with the risk of recurrence of atrial fibrillation after electrical 
cardioversion after adjustment for CRP. Our findings suggest a 
pathophysiological link between atrial fibrillation and PAI-1, but the relation 
to inflammation remains unclear. 

Key words: C-reactive protein, cardiovascular disease, stroke, atrial 
fibrillation, lifestyle, Interleukin-6, Tumor necrosis factor-α, exercise, 
physical activity, obesity, the metabolic syndrome, fibrinolysis. 
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SUMMARY IN SWEDISH / 
SAMMANFATTNING PÅ SVENSKA 

Trots stora framsteg i behandling och prevention av hjärt- och 
kärlsjukdomar de senaste decennierna svarar de fortfarande för merparten 
av dödsfallen i Sverige. Med en allt äldre befolkning med ökande andel 
överviktiga och diabetiker kan den kardiovaskulära sjukdomsbördan komma 
att öka ytterligare i framtiden. 

Fokus för studierna av hjärt-kärlsjukdom har med tiden skiftat från 
förkalkning och förträngning av artärer till biologiska processer i det 
aterosklerotiska placket. C-reaktivt protein (CRP) är ett av många proteiner 
som återspeglar en låggradig systemisk inflammation, lämpligt för analys 
eftersom det är stabilare och lättare att mäta än de flesta andra 
inflammatoriska markörer. Flera stora prospektiva studier har visat att CRP, 
förutom att vara en inflammatorisk markör, också är en markör för 
kardiovaskulär sjukdom. C-reaktivt protein är förknippat med flera andra 
riskfaktorer för hjärt- kärlsjukdomar inklusive fetma och det metabola 
syndromet. 

I en studie av tjugo friska män under en två veckor lång fjälltur på skidor 
visade vi att deras redan i utgångsläget låga CRP sjönk ytterligare efter turen 
och sex veckor efter att turen avslutats var CRP fortfarande lägre än före 
studiens start. 

I en studie av 200 överviktiga personer med nedsatt glukostolerans 
randomiserade till rådgivning på sin vårdcentral eller en månads vistelse på 
hälsohem fann vi att CRP nivåerna sjönk hos hälsohemsgruppen. Effekten 
kvarstod efter ett men inte tre års uppföljning. 

I en studie med 308 hjärninfarkter, 61 hjärnblödningar och 735 matchade 
kontroller var CRP associerat med insjuknande i hjärninfarkt men inget 
samband kunde påvisades med hjärnblödning. Vid klassificering av 
ischemisk stroke enligt TOAST kriterier var CRP associerat med hjärninfarkt 
orsakad av småkärlsjuka. En genetisk variant av CRP gav upphov till högre 
CRP nivåer utan något samband påvisades med varken hjärninfarkt eller 
hjärnblödning. 

En studie av 129 patienter med förmaksflimmer har använts för att analysera 
om inflammationskänsliga fibrinolysvariabler justerat för CRP kunde 
förutsäga återfall i förmaksflimmer efter elkonvertering. Lägre PAI-1 var 



 vi 

associerat med sinusrytm även efter justering för CRP och det metabola 
syndromet. 

Sammanfattningsvis kan livsstilsintervention användas för att sänka CRP 
nivåer men det är en utmaning att bibehålla den nya hälsosammare 
livsstilen. CRP är en markör för hjärninfarkt men det finns inget samband 
mellan de genetiska varianter i CRP genen som orsakar förhöja CRP nivåer 
och stroke. Detta talar mot att det skulle vara förhöjda nivåer av CRP som 
orsakar stroke. Även efter korrigering för CRP är lågt PAI-1 är associerat 
med bibehållen sinusrytm efter elkonvertering. Våra fynd talar för 
patofysiologiska samband mellan förmaksflimmer och PAI-1 men relationen 
till inflammation är fortfarande oklart. 
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PREFACE 

 

When I began my medical studies I found the hospital environment 
unpleasant and thought I would never work in such a place. Later I found the 
surroundings changing and becoming rather peaceful, but it could have been 
me. In my clinical practice I realized that it was this that I wanted to do and 
the hallways of the research department remained a shadowy environment I 
would never visit. When I came to Skellefteå Hospital this, too, changed but 
again, it could have been me. Whether it is me or my surroundings that 
change, I do believe that the change is a result of inspiring colleagues and 
treasured friends around me.   
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INTRODUCTION 

 

Cardiovascular disease today 

The most common cause of death in Sweden can be referred to diseases from 
the circulatory system, mainly the heart and blood vessels, which account for 
over forty percent of all deaths.1 These include coronary heart diseases, 
congestive heart failure, cerebrovascular diseases, hypertension, cardiac 
arrhythmias and peripheral arterial disease among others. They are usually 
summarized as cardiovascular disease (CVD).  

Even though the mortality from CVD has demonstrated an astonishing 
decrease in Sweden since 1987 to 2007 CVD remains the most common 
cause of death.1 Sweden shares this impact of CVD on health with the 
developed world making this disease an immense and global challenge. 
Cardiovascular disease is an epidemic which through epidemiological 
transition now represents the leading cause of death in the world with 
approximately 80% of these deaths occuring in low and middle income 
countries.2 

The atherosclerotic plaque - biological processes 

The main cause of CVD is considered to be atherosclerosis which develops in 
the intima, the inner lining of the blood vessel formed by the endothelial 
cells of large and medium-sized elastic and muscular arteries3, figure 1.  

A response to injury caused by smoking, hypertension, diabetes, 
hypercholesterolemia, disturbed blood flow or a combination of these and 
other factors lead to dysfunction of the endothelial cells. In this setting, low 
density lipoproteins (LDL) depositions in the intima undergo modification 
and oxidizes unless removed by another type of cholesterol transporter, high 
density lipoproteins. 4 

To remove the accumulating oxidized LDL, pro-inflammatory leukocyte 
adhesion molecules such as P-selectin and vascular cell adhesion molecule-1 
(VCAM-1) are expressed on the surface of the endothelial cells to attract 
monocytes.5  

As monocytes migrate into the intima stimulated by the cytokine monocyte 
chemoattractant protein-1 (MCP-1) they change characteristics and become 
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macrophages. Macrophages have inflammatory properties, ingest oxidized 
LDL through expression of scavenger receptors forming foam cells and 
eventually die, developments which propagate the inflammatory process.5 
This early and reversible stage of atherosclerosis called fatty streaks 
consisting of lipid rich macrophages and T lymphocytes has been observed 
already during youth.3 

 
 

 

Figure 1 

A. Fibrous cap of smooth muscle cells and collagen. 

B. Lipid core with oxidized LDL, macrophages, foam cells and necrotic cells. 

 

If the damage to the artery continues, smooth muscle cells from the vessels 
media layer migrate into the subendothelial intima and proliferate.6 
Connective and elastic tissue, inflammatory cells, cholesterol and calcium 
constitute a matrix that finally forms the atheroma or atherosclerotic 
plaque.7 As the atheroma grows larger the artery dilates, a process called 
remodelling, partly compensating for reduced lumen size. 
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The migration and proliferation of vascular smooth muscle cells and 
collagen-rich matrix deposition creates a fibrous cap surrounding the 
atheroma.6 If growing large enough, the atheroma may bulge into the artery 
and reduce blood flow and, in worst case, rupture. However, even non-
obstructive plaque may rupture with subsequent thrombosis that in turn 
obstructs blood flow.  
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Atherosclerosis – an inflammatory process 

Our understanding of the development of atherosclerosis has changed from 
that of hypercholesterolemia and stenosed arteries to a much more complex 
picture. Many patients with myocardial infarction have normal cholesterol 
levels and plaque rupture may depend more on the characteristics of the 
fibrous cap and atheroma than the degree of obstruction of the artery.3, 6 

When looking back at the described development of an atherosclerotic 
plaque we observe that it involves inflammatory processes at all stages, 
figure 2. The main risk factors for arteriosclerosis are related to 
inflammation. Smoking, hypertension, obesity, diabetes and the metabolic 
syndrome are all associated with a low grade inflammation.8 

 
Endothelium 

Oxidation of LDL results in local inflammation contributing to endothelial 
expression of the adhesion molecules P-selectin and VCAM-1 that recruit 
lymphocytes and monocytes from the blood stream to the endothelium.9 
 
Macrophages 

Macrophages have several inflammatory properties. They are antigen-
presenting cells and express scavenger receptors. They also secrete cytokines 
such as tumor necrosis factor-α, chemokines, growth-regulating molecules 
such as platelet-derived growth factor, metalloproteinases (MMPs) and other 
hydrolytic enzymes upholding an inflammatory state and adding to plaque 
progression and instability of the fibrous cap.3 
 
Smooth muscle cells 

Endothelial cells, together with macrophages and smooth muscle cells are 
the major inflammatory cells of atherosclerosis. The smooth muscle cell is a 
major producer of extracellular matrix in the vessel wall and can express 
receptors for lipid uptake. They also express adhesion molecules such as 
VCAM-1 and intercellular adhesion molecule-1 to attract monocytes and 
lymphocytes to the vessel wall. Finally, they produce cytokines such as 
platelet derived growth factor and MCP-1 which propagate inflammation.6, 10 

The matrix of the atheroma also contains several other inflammatory cells 
that contribute to plaque development. T-lymphocytes attracted to the lesion 
through VCAM-1 become activated by macrophages and dendritic cells 
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differentiating to cytokine producing and pro-inflammatory Th-1 helper cells 
or to Th-2 cells with more anti-inflammatory properties.11 

Mast cells are also found in the atheroma and can produce proteinases that 
activate MMPs, destabilising the fibrous cap. They produce both TNF-α and 
histamine, the latter increasing vascular permeability facilitating leukocyte 
recruitment.4  

The discovery of inflammatory processes during development of the 
atherosclerotic plaque have led to the idea of atherosclerosis as an 
inflammatory disease, bringing advancements to our understanding of 
atherosclerosis and providing new ways to improve risk assessments and to 
develop new treatment regimes. 

 

 
 
Figure 2 

Inflammatory processes during atherosclerosis. 
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C-reactive protein 

The most studied protein in the context of inflammation and CVD is 
undoubtedly C-reactive protein (CRP). CRP, discovered in 1930 by William 
Tillet and Thomas Francis at the Rockefeller Institute, was identified as a 
substance in serum that reacted with the C polysaccharide of 
pneumococcus.12 It became the first acute-phase protein to be described and 
is a non-specific systemic marker of infection, inflammation, tissue damage 
(i.e. necrosis, trauma) and malignancy.13 CRP is recognized to activate the 
complement system through the classical pathway.14 

CRP is a member of the pentraxin family of calcium-dependent ligand-
binding plasma proteins with a constant half-life of about 19 hours. The only 
determinant of CRP concentration is thus its rate of synthesis. CRP is 
produced in the liver mediated via interleukin 6 and enhanced by 
interleukin-1 and TNF-α.13, 15 The median concentration of CRP is about 0.8 
mg/l with a 90th centile at 3.0 mg/l and 99th centile 10 mg/l in adult 
volunteer blood donors aged 18-63 years.16 There is a considerable within-
subject variation of CRP suggesting that three serial measurements of C-
reactive protein, as for blood pressure in the diagnosis of hypertension, 
should be done to achieve reliability comparable to total cholesterol.17 
Smoking, obesity and hormone replacement therapy increase CRP levels,8, 18 
whereas moderate alcohol consumption and statins lowers CRP levels.8, 19. 
Levels of CRP are substantially genetically determined, up to 40 percent.20 
Etnicity and age also influence CRP levels.21 In a study of different European 
populations, median CRP values up to 44 years of age were 0.6–1.1 mg/L 
and 1.2–1.7 mg/L among those 45 years and older. Levels were found to be 
similar in men and women.8, 22 In another larger study, women had higher 
levels of CRP than men.23 The reason for the diverging results may depend 
on the exclusion of women on contraceptives and hormone replacement 
therapy, which increase CRP levels, in the first but not the latter study.  

CRP in atherogenesis 

The first indication of CRP involvement in atherogenesis came in 1982 when 
de Beer showed that CRP binds selectively to LDL molecules, a finding that 
was later confirmed for oxidized LDL.24, 25 Macrophages use the scavenger 
receptor for uptake of oxidized LDL molecules, but uptake of native LDL has 
been demonstrated only when opsonized with CRP.26  

CRP is chemotactic for human blood monocytes and this may be mediated 
through inducing adhesion molecule expression in human endothelial cells 
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and increased MCP-1 levels.27, 28 CRP downregulates endothelial NO 
production, the main determinant of basal vessel tone,29 and induces 
monocytes to synthesize tissue factor, an important pro-coagulant.30 
Furthermore, CRP induces plasminogen activator inhibitor type 1 (PAI-1) 
expression in endothelial cells which have implications for 
atherothrombosis.31 Many endothelial cell activation studies concerning the 
effects of CRP in vitro are, however, disputed as possible artefacts caused by 
azide and lipopolysaccharide contaminations found in commercial CRP 
solutions making results difficult to interpret.32, 33 

Studies on human coronary arteries show that CRP deposition precedes the 
appearance of monocytes in early atherosclerotic lesions.28 One in vivo study 
on hypercholesterolemic rabbits demonstrated a close relationship between 
the CRP plasma levels and atherosclerosis. CRP seems to originate from the 
circulation rather than synthesized by macrophages as suggested by previous 
studies on CRP solutions.34 That mRNA for CRP has been found in human 
plaques also suggests a vascular CRP production.35 Furthermore, CRP is 
present in human coronary plaques, especially in ruptured fibrous caps.34  

Suggestions of extrahepatic CRP production in atherosclerotic plaques are 
also supported from findings of a CRP-gradient between coronary arterial 
blood sampled just distal and proximal to human coronary plaques, a 
gradient that was higher in unstable than stable angina suggesting that it 
could be a potential marker of plaque instability.35, 36 C-reactive protein 
induces matrix metalloproteinases that may contribute to this plaque 
instability.37, 38 

Interleukin-6 

Interleukin-6 (IL-6) is produced by a variety of cells including endothelial 
cells, monocytes/macrophages and mast cells and production is induced by 
viral infections or cytokins as interleukin-1, TNF-α and interferon-γ. It can 
act as growth factor and is involved in T-cell activation.39 In fatty tissue, IL-6 
is produced under stimulation by TNF-α and high IL-6 levels in patients with 
the metabolic syndrome are associated with truncal fat mass.40 Contracting 
skeletal muscle, dependent of exercise duration, intensity and muscle mass 
involved, induces IL-6 production in muscle tissue, even without muscle 
damage.40 The half-life of IL-6 is short, less than two hours.41 

An important feature of IL-6 is its role as a primary inducer of the acute 
phase response leading to inflammation in response to tissue damage due to 
trauma, malignant tumors or infection. It stimulates production of the acute 
phase proteins, among them CRP. Interleukin-6 increases rapidly after 
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infection, inducing fever and releases adrenocorticotropic hormone as a part 
of the acute phase response.39 

Anti-inflammatory properties are also described for IL-6. It stimulates 
production of the anti-inflammatory interleukins IL-1ra and IL-10 and 
inhibits production of TNF-α.40. Finally, IL-6 induces lipolysis among other 
metabolic properties, possibly to regulate metabolism during exercise, but its 
role in the metabolic syndrome remains controversial.40   

Tumor necrosis factor-α 

Tumor necrosis factor-α (TNF-α) was discovered in 1968 and named for its 
ability to cause tumor necrosis through an anti-tumoral response of the 
immune system.42 TNF-α is a cytokine and acute phase protein that 
intercorrelate with IL-6 and CRP. TNF-α stimulates IL-6 production which 
in turn inhibits TNF-α. Plasma levels of TNF-α increase with age.40.  

Primarily produced by macrophages, TNF-α is also produced by lymphoid 
cells, mast cells, endothelial cells, fibroblasts and neuronal tissue.43 In 
addition to acting as a major proinflammatory mediator it is also able to 
induce apoptosis and augment several autoimmune diseases as rheumatoid 
arthritis and inflammatory bowel disease.43 

TNF-α is important for the innate immune system and is released in 
response to lipopolysaccharides and other bacterial substances. It seems 
most important for defence against some intracellular pathogens and is 
considered an important cytokine in development of septic shock. Contrary 
to the high concentrations that promote shock, prolonged exposure to low 
concentrations cause cachexia as can be seen among tumor patients.43 

Increasing data suggest that TNF-α is involved in the metabolic syndrome. 
TNF-α is produced in adiopose tissue, induces lipolysis and is involved in 
insulin signalling and sensitivity.40 

Atrial fibrillation 

Atrial fibrillation is the most common sustained arrhythmia causing 
uncoordinated atrial activation and deterioration of atrial mechanical 
function. This can often, but not always, be observed by the patient as a fast 
and irregular heart rhythm and is usually diagnosed through ECG 
examination. Atrial fibrillation may occur in presence or absence of 
structural heart disease. Atrial fibrillation increases the risk of 
thromboembolic events and stroke.44 These are some factors explaining the 
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increased morbidity and mortality associated with atrial fibrillation. In 
addition to stroke, atrial fibrillation is also associated with all cause mortality 
and heart failure.44 The cause of atrial fibrillation is not fully understood, but 
there are several hypotheses including atrial electrical remodelling, focal 
causes, atrial ischemia and dilation, age-related structural changes and even 
inflammation.44, 45 Increased PAI-1 mass concentration and its complex with 
tissue plasminogen activator levels have been described in atrial 
fibrillation.46-48 PAI-1 has also been found to predict recurrence of atrial 
fibrillation.49, 50 Endothelial dysfunction and metabolic pathways may 
contribute to the inflammatory and hypofibrinolytic state in atrial 
fibrillation.50-52 

Risk factors of cardiovascular disease – established risk 
factors 

Prevention of cardiovascular disease is the primary objective for both 
patients and health care providers and requires knowledge on how disease 
can be prevented. In 1948, one of the most important public health studies 
for establishing risk factors of cardiovascular disease was initiated, the 
Framingham Heart Study. They early identified hypertension, obesity and 
hypercholesterolemia as conditions associated with atherosclerotic heart 
disease, risk factors that today remains of great importance.53 

Since then, through the subsequent works with the Framingham risk factors 
and other epidemiological studies, these associations have been confirmed 
and further risk factors identified. 

The INTERHEART Study from 2004 showed that eight risk factors 
accounted for the majority of the modifiable risk for cardiovascular disease 
in both sexes and at all ages. These were high blood lipids, smoking, 
hypertension, diabetes, abdominal obesity, psychosocial factors, low 
consumption of fruits, vegetables, and alcohol, and lack of regular physical 
activity.54 The subsequent INTERSTROKE Study showed that the same risk 
factors were equally important in the prediction of the risk of both ischemic 
and hemorrhagic stroke.55 

Increasing age, male gender and heredity are also known risk factors for 
CVD. They are pre-determined and cannot be changed and are therefore 
often called non-modifiable risk factors to separate them from those factors, 
which if improved, will reduce the risk of CVD. Still, they are important for 
determining risk of developing CVD so as to emphasize the importance of 
taking corrective measures on modifiable factors. 
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Concept of risk factor versus risk marker 

A risk factor could be an environmental, behavioural or biologic factor that is 
statistically associated with an outcome. A generally accepted definition of a 
risk factor in medicine does not exist, but in practice the previously 
mentioned modifiable risk factors such as hypertension and 
hypercholesterolemia have generally been established in large randomised 
controlled trials (RCT) where removal or reduction of the factor has 
rendered a decline in cardiovascular mortality. The golden standard for 
defining risk factors is therefore considered a large RCT. 

In clinical practice we prefer to identify factors which after intervention 
modify the risk of an event. With this as a backdrop, Beck has suggested a 
practical definition of risk factors as “an environmental, behavioral, or 

biologic factor confirmed by temporal sequence, usually in longitudinal 

studies, which if present, directly increases the probability of a disease 

occurring, and if absent or removed, reduces the probability. Risk factors 

are part of the causal chain, or expose the host to the causal chain. Once 

disease occurs, removal of a risk factor may not result in a cure.”56 
Those factors that are associated with an increased probability of a pre-

specified outcome without a causative relation are sometimes referred to as 
risk markers, figure 3. 
 
 
 
 



 

 12 

 
 
Figure 3 

Differences between risk factor and risk marker. 
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Causality 

Even though a risk factor must show a temporal sequence so that the cause 
precedes the effect, it does not imply that it is part of a causal chain. We 
must bear in mind that there are no tests of significance that can prove 
causality. The RCT is great for defining a risk factor according to Beck, but 
do notice that he writes that a risk factor does not necessarily have to be 
causal; it may only “expose the host to the causal chain”.  

The question of causality is hence separate from that of a risk factor. Sir 
Bradford Hill, English epidemiologist and statistician who pioneered the 
randomized clinical trial, suggested in 1965 nine viewpoints from which all 
association should be studied before the question of causation can be 
determined. None of his viewpoints were to be considered indisputable 
evidence. In the end, the question of causation was, and remains, a 
judgement.57 

Bradford Hill’s viewpoints 

1.  The strength of the association is of importance as a stronger 
association suggests causality. 

2.  Consistency of an observed association strengthens a possible causality 
as the association then is found by different persons, in different places, 
circumstances and times. 

3.  Specificity suggests causality if the association is limited to specific 
conditions as specific environment, situation and disease. 

4.  Temporality, the cause must precede the effect and if a delay between 
the cause and effect is expected the effect must occur after such a delay. 

5.  Biological gradient, the finding of a dose-response curve suggests 
causality. 

6.  It is preferable if there is biological plausibility to causation, but we 
cannot demand plausibility as it is limited to current knowledge. 

7.  Coherence is present if the association merge with or at least not 
contradict generally known facts of the disease. 

8.  Experiment, when appropriate, may give clues to causation. The 
randomized controlled trial is one example. 

9.  At last analogy may suggest causation. Hill refers to how the knowledge 
of thalidomide and rubella would make us prone to accept “slighter but 
similar evidence with another drug or another viral disease in 
pregnancy”. 

Almost 50 years after publication of what is now known as Hill's criteria it 
still remains an important principle for deciding causality. Bradford himself 
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referred to them as “viewpoints” as he considered none of them required or 
enough for evidence of causation. 

Inflammation as predictor of cardiovascular disease  

In the early eighties, studies showed a peak of CRP levels about 50 hours 
after the onset of myocardial infarction which was thought to be a response 
to tissue damage.58 Gradually the theory of inflammation as a part of the 
development of atherosclerosis, and not only a response to tissue damage, 
arose. The first prospective studies on CRP as a predictor for coronary heart 
disease came in 199659 and 1997.60 

Of the many inflammatory markers available CRP is considered most suited 
as a marker of systemic low-grade inflammation due to various analytic and 
assay characteristics as summarized by a statement by American Heart 
Association.61 There seem to be little seasonal or diurnal variation with CRP. 
It is stable, has acceptable within-individual variation, and several reliable 
assays are available. There is also a World Health Organization standard.61 
Furthermore, but with minor importance, CRP is well-known among 
clinicians.  

In the late 1990’s a relationship between CRP and CVD was observed in 
several large, high quality studies in different populations which persisted 
after adjustment for established risk factors. Meta-analyses on well 
conducted studies have confirmed CRP as an independent risk marker for 
CVD including coronary heart disease, ischemic stroke and total vascular 
mortality.23, 62-66   

C-reactive protein is not, in the context of inflammation, exclusive as 
predictor for future CVD. Several other inflammatory variables have been 
studied as risk markers for cardiovascular disease. For example, TNF-α, IL-
667, 68, fibrinogen69, P-selectin and adhesion molecules such as VCAM-1 are 
all predictors of cardiovascular disease.70This may indicate that the specific 
source of inflammation may not be important for the cardiovascular risk. 

CRP and cardiovascular disease – the question of causality 

Currently there is an ongoing debate as for whether CRP is a risk marker or a 
risk factor. From epidemiological studies CRP is a well established risk 
maker for CVD, but yet no RCT with a CRP inhibitor has been conducted. 
When looking at Hill’s viewpoints we find that CRP is robustly and 
consistently associated with CVD. It shows temporality and a biological 
gradient; higher levels of CRP are associated with an increased risk of CVD. 
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It is biologically plausible that CRP could increase inflammation and 
atherosclerosis, a theory that does not contradict current knowledge. 
However, the specificity of CRP can be debated as it is associated with 
several established risk factors for CVD and other markers of inflammation 
are also predictive for CVD.8, 71 

Basic science research using Mendelian randomization have been 
conducted.72, 73 As mentioned earlier, CRP levels are to a high degree 
genetically determined. Mendelian randomization uses nature’s random 
assortment of genes causing different basal CRP levels to assess the causal 
nature of CRP as a risk factor for CVD. This could be compared to a 
randomized controlled trial of genetic variants. Both Zacho75 and Elliot74 
have found CRP levels to be dependent on a number of polymorphisms. 
These polymorphisms were clearly associated with CRP levels. However, the 
polymorphisms leading to higher CRP levels did not translate into an 
increased risk of CVD. This argues against a causal association and makes it 
unlikely that a RCT with a CRP antagonist would reduce CVD.  

The interpretation of Mendelian randomization studies requires caution. It is 
not an experimental setting as is the case for a RCT. In Mendelian 
randomization one studies an intermediate phenotype or gene product that 
is influenced by the genotype. Gene-environment interactions or 
developmental adaptation to a genetically elevated CRP level can exist 
influencing results from these studies.76 

Even so, these and other studies suggest a non-causative relationship 
between CRP and CVD. This does not diminish the importance of 
inflammation in CVD, remembering that the use of CRP as a measure of low-
grade systemic inflammation was initially a quite practical choice. 
Inflammation may still be important in CVD pathogenesis and regardless of 
causality CRP remains a risk marker for CVD that can improve risk 
assessment.62, 77 

Inflammation and physical activity 

Moderate physical activity for 30 minutes at least five times per week is an 
important, well-recognized, and encouraged method to reduce the risk of 
cardiovascular disease.78, 79 The mechanisms behind the beneficial effects of 
physical activity on cardiovascular health is yet unresolved, but we know that 
the amount of leisure-time physical activity is inversely associated with CRP 
and IL-6 levels.80-82 Higher levels of IL-6, CRP, and fibrinogen are 
independently associated with lower maximal oxygen consumption83 and 
exercise training decreases systemic inflammation.82, 84  
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It may also be that physical inactivity itself causes inflammation. Physical 
inactivity is associated with elevated levels of IL-6 and CRP independent of 
age, gender, smoking and obesity.85 

Strenuous physical exercise as running a marathon causes haemostatic 
changes and an acute phase response with increased levels of CRP, D-dimer, 
fibrinolytic activity and von Willebrand factor while fibrinogen levels  
decrease.86, 87 The inflammatory response during strenuous physical exercise 
seems to be mediated by the cytokine system, mainly IL-6, and is of short 
duration compared to lower sustained levels of inflammatory markers seen 
in long term physical training and among more physically active 
individuals.82 It is still unclear how physical exercise suppresses CRP levels, 
but both weight loss and decreases in IL-6 levels have been suggested as 
mediators.88, 89 The knowledge of the effects of physical activity on 
inflammation in both the short and long term among healthy, non-athletic 
individuals is also limited.   

In conclusion, physical activity decreases both the systemic inflammation 
and the risk of cardiovascular disease; the mechanism behind this remains 
unanswered. Whether the cardiovascular health benefits of physical activity 
is mediated through inflammation or not is an important subject for future 
research. 

Inflammation and the metabolic syndrome 

Increased CRP levels in obesity are at least partially mediated through IL-6 
derived from adipose tissue.90 Elevated CRP levels are found predominantly 
among those obese who are also insulin resistant and levels decrease with 
weight loss-associated improvements in insulin resistance. The relation 
between CRP concentrations and insulin resistance also seem to be 
independent of obesity.91, 92 Independent of lifestyle or surgical intervention, 
CRP levels decrease approximately 0.13 mg/L per 1 kg of weight loss.93 The 
largest benefit from weight reduction on CRP levels are found in obese 
individuals with insulin resistance.91 

The metabolic syndrome consists of increased waist circumference, fasting 
glucose, blood pressure, triglycerides and decreased high density lipoprotein 
cholesterol (HDL).94, 95 Inflammation as measured by CRP is associated to 
each and every component of the metabolic syndrome96 and CRP levels 
increase with the number of components of the metabolic syndrome.71, 97 
BMI alone98 or central obesity together with hypertension have been 
suggested as the main determinants for elevated CRP levels in the metabolic 
syndrome.99  
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In addition to CRP, IL-6 and TNF-α are associated with total and central 
obesity and fibrinolytic variables.100 Subjects with the metabolic syndrome 
also have higher levels of fibrinogen and white blood cell counts suggesting 
an inflammatory component in the metabolic syndrome.97, 101 

In prospective studies, CRP, IL-6 and TNF-α have been found to predict 
development of type 2 diabetes, adjusting for BMI did not affect results on 
IL-6 but TNF-α was not longer significant.102-104 For CRP the association 
remained significant after adjusting for BMI in one of two studies.102, 103  

Coagulation and fibrinolysis 

Coagulation is the transformation of fibrinogen to fibrin creating a blood clot 
to stop bleeding; however it may also cause thrombosis formation within 
vessels thereby causing tissue damage.105 The haemostatic equilibrium 
maintains a balance between the coagulation and its opposite, fibrinolysis, 
figure 4. 

 

 
 
Figure 4 

Coagulation and fibrinolysis.  

 activation  

 PAI-1 inhibits t-PA by forming a complex 
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Thrombin converts fibrinogen to its active form that creates a fibrin clot.105 
Thrombin is formed after a process initiated by the binding of factor VII to a 
cofactor called tissue factor.106 Thrombin can also activate the anticoagulant 
protein C system with thrombomodulin as a cofactor or, less efficiently, by 
thrombin alone.107  

Fibrinolysis is the process whereby the fibrin clot is broken down. The main 
enzyme in fibrinolysis is plasmin which degrades the fibrin mesh. Plasmin is 
the activated form of plasminogen. Tissue plasminogen activator (t-PA) 
converts plasminogen to active plasmin.108 t-PA is released into the blood by 
damaged vascular endothelium.107 t-PA is in turn inhibited by plasminogen 
activator inhibitor-1 (PAI-1), forming an inactive tPA/PAI-1 complex.108 The 
balance between coagulation and fibrinolysis is called haemostasis. 

Inflammation and haemostasis  

There is an association not only between CRP and body mass index (BMI), 
waist circumference, blood pressure, insulin levels, HDL and triglycerides 
but also to plasminogen activator inhibitor-1 antigen and tissue-type 
plasminogen activator antigen.98, 101, 109  

It is well known that acute inflammation, in particular in combination with 
sepsis, may cause a systemic activation of the coagulation system called 
disseminated intravascular coagulation.110 The cytokine, IL-6, seems to be a 
major mediator for the activation of coagulation in DIC111 and the protein C 
system may modulate the outcome of severe inflammation.112 

There is support for the involvement of inflammatory cytokines in 
coagulation which can contribute to thrombosis formation.113 CRP has pro-
coagulant effects by induction of PAI-1 expression and activity in endothelial 
cells31 and tissue factor production in monocytes.30 PAI-1 is found in several 
tissues, probably mainly produced by the liver, but also in adipocytes and 
acts as an acute-phase reactant.51, 114, 115 Fibrinogen in the coagulation system 
also acts as an acute phase reactant51, 114, 115 and is a predictor of CVD as 
previously described69. TNF-α induces expression of tissue factor from 
monocytes and decreases expression of thrombomodulin in vitro.116 In 
obesity several cytokines, among them TNF-α, can stimulates the production 
of PAI-1 in adipose tissue.117  

Coagulation can also affect inflammatory markers. Thrombin has been 
shown to induce a variety of non-coagulant effects, among them production 
of MCP-1 and IL-6 in fibroblasts and mononuclear cells in vitro.5, 118 As 
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mentioned, thrombin can also activate the protein C system which has anti-
inflammatory properties.107 

In conclusion, there is a complex relationship between inflammatory and 
fibrinolytic variables, both in infectious and a cardiovascular context. 
Infection has been suggested as causative to CVD and that it may explain 
increased CRP levels.119 Our knowledge is limited in this subject but it is clear 
that inflammation can shift the haemostatic balance.  

Inflammation, haemostasis and the metabolic syndrome 

Adipose tissue have been suggested to contribute to the prothrombotic state 
observed in obesity due to its ability to enhance coagulation by increasing 
synthesis of coagulation factors such as fibrinogen and tissue factor and by 
increasing PAI-1, TNF-α, and IL-6, thereby affecting inflammation and 
haemostasis.51, 117  The number of components of the metabolic syndrome 
also correlate with levels of fibrinogen, IL-6 and white cell count.71  

Our knowledge on the interactions between components of the metabolic 
syndrome, inflammation and haemostasis is increasing. Whether the 
associations between circulating inflammatory markers levels are 
independent of obesity and whether inflammation is the cause of insulin 
resistance or a consequence of obesity remains to be answered.120 
Haemostasis is a potential mediator of increased cardiovascular risk in both 
the metabolic syndrome and among those with increased CRP levels, but this 
subject needs further investigation. A possible relation between 
inflammation, the metabolic syndrome, haemostasis and physical activity is 
shown schematically in figure 5. 

In the coming decades we may begin to identify high risk individuals for type 
2 diabetes through CRP assessment on order to intensify preventive actions. 
Such strategies might target inflammation itself via well known methods as 
diet and exercise. Increased knowledge of the role of inflammation in obesity 
and development of diabetes type 2 may also improve present strategies and 
lead to new preventive treatments.  
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Figure 5 
Inflammation is related to several other markers of cardiovascular disease. 
The strength, independence, mechanisms and importance of these relations 
needs better understanding and may lead to improvement of cardiovascular 
health through better risk stratification and treatment options. 
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OBJECTIVES 

 

The objective of this thesis was to improve the knowledge of the relationship 
between lifestyle and inflammation among healthy and diseased subjects and 
to examine the utility of inflammatory markers as predictors for 
cardiovascular disease. 

The specific aims of the papers were: 

 
I) To explore the effects of endurance physical activity on CRP, IL-

6 and TNF-α during and after heavy physical exercise and to 
study if diet modifies the inflammatory response during 
endurance physical activity. 

 
II) To study the effects of lifestyle intervention on CRP levels among 

obese individuals with impaired glucose tolerance.  

  
III) To study CRP as a marker of intracerebral hemorrhage and 

ischemic stroke, both total and subclassified by ischemic stroke 
type, using TOAST criteria. To study the relationship between 
the 1444C>T polymorphism, plasma levels of CRP and stroke.  

 
IV) To explore the role of activity and mass concentrations of PAI-1 

and t-PA as predictors of maintenance of sinus rhythm 30 days 
after electrical cardioversion with adjustment for inflammatory 
and metabolic factors. 
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MATERIALS AND METHODS  

Paper I 

Study population and design 

Explanatory post-hoc analysis within a randomized intervention study of 
twenty fit, but non-athletic men, aged 18-55, who participated in a 14 days 
cross-country skiing tour. The daily trips varied between 12 and 30 km 
corresponding to exposure of about ten hours of heavy physical activity 
defined by cross-country skiing, digging snow caves and carrying backpacks 
weighing about 25-30 kg. The participants were randomized to a diet with 
either 40 or 30 energy percent from fat, but with no limitation regarding 
energy intake.  

A few months before the igloo-tour each participant registered all 
consumption of food and beverages during seven days in a food diary. For 
this purpose special registration forms and instructions including pictures of 
portion sizes, elaborated by the Swedish National Food Administration, were 
used. Based on these seven-day records the individual intakes of energy and 
nutrients were calculated by computer at the National Food 
Administration121. In the analyses only data on the intake of energy, protein, 
fat, carbohydrates, dietary fibre and polyunsaturated/saturated fat-ratio of 
the diet were used. Four weeks after the end of the two week long igloo-tour, 
at week six, the participants were provided with a two week ration of the 
same foods as they had consumed during the tour, but adapted in such a way 
that the daily energy intake was the same as the average daily energy intake 
during the week before the tour, as defined by the food diary. While on this 
diet blood samples were drawn at the end of week eight. Body weight and 
height were measured after an overnight fast and BMI was calculated. Blood 
samplings were taken at the start of the tour (baseline), after the first and 
second week of exercise and in the recovery period at weeks six and eight 
from baseline, figure 6.  

 
 
 
 



 

 23 

 

Figure 6  

Study design of paper I. 
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Paper II 

Study population and design 

This was a randomized controlled trial on subjects with a BMI >27 kg/m2 
and impaired glucose tolerance. Between the years 1985 and 1994, 
participants from the Västerbotten Intervention Programme (see paper III) 
with a normal fasting glucose value were offered an oral glucose tolerance 
test (OGTT). An invitation was sent out by mail to the 650 individuals who 
fulfilled the inclusion criteria defined as an abnormal OGTT and a BMI >27 
kg/m2; 345 individuals expressed interest in participation and accepted the 
randomized design of the study. 41 subjects who had already participated in 
a lifestyle modification programme and three subjects who were too ill to 
participate were excluded. Of the remaining 301 subjects, 100 randomized to 
the intensive intervention group (IIG) and 100 to the usual care group 
(UCG). The remaining subjects (n=101) were assigned as substitutes. Twenty 
substitutes were enrolled in the IIG and eight in the UCG. Another six 
participants withdrew their participation from the UCG before the study 
start, but for logistical reasons they were not replaced by substitutes, figure 
7.   

Intervention 

The participants in the IIG were admitted for a one month stay at a wellness 
centre. Baseline was set to the time of admittance to the wellness centre. A 
physical examination with blood sampling and an OGTT were conducted 
after an overnight fast on the first or second morning from admittance. The 
programme included approximately 140 h of scheduled activities including 
exercise of low to moderate intensity daily for 2.5 h (e.g. brisk walks, 
gymnastics, cycling and swimming). The diet served contained 
approximately 20% of energy from fat and a relatively high fibre content. 
Recommended portion sizes were calculated to approximately 7.6 MJ (1800 
Kcal) for men and 6.3 MJ (1500 Kcal) for women, leading to a slow but 
persistent weight decline. Alcoholic beverages were not allowed and smoking 
cessation was strongly encouraged. Furthermore, health-promoting coping 
strategies together with stress management and relapse-prevention 
techniques were emphasized. The participants were encouraged to make 
plans on how to incorporate healthy lifestyle changes in everyday life. The 
examination protocol, together with additional learning sessions, was 
repeated during a 4-day stay at follow-up 12 months later. A phone call 
inquiring about the status of the lifestyle change was placed to the 
participants in the IIG at six months and at two years from the study start. 
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Figure  7  

Study design of paper II. 

Västerbotten Intervention 
Programme, 28000 
subjects. 

345 of the 650 who 
fulfilled inclusion criteria 
(abnormal OGGT and 
BMI >27) were interested 
in participating. 

41 excluded because they 
already had undergone 
lifestyle intervention at 
the wellness centres. 

Three excluded as they 
were too physically ill to 
participate. 

301 remaning 
participants. 

100 randomized to 
intense intervention. 
 

101 substitutes. 

100 enlisted in the 
intense intervention 
group. 20 participants 
dropped out and were 
replaced by 20 
substitutes.  

100 enlisted in the 
usual care group. 14 
dropped out, 8 were 
replaced by 
substitutes. 94 cases 
left for analysis. 

20 substitutes were 
enrolled in the intense 
intervention group 
and 8 in the usual care 
group. 

County of Västerbotten, 
population ~ 250 000.  

One subject removed 
from analysis due to 
missing baseline 
sample, 99 cases 
remained for analysis. 

305 individuals 
declined to 
participate. 

100 randomized to the 
usual care group. 
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Participants randomized to the UCG underwent a health survey with a 
physical examination, an OGTT and blood sampling at their health-care 
centre or by their general practitioner at baseline. The survey ended with a 
counselling session for 30-60 min conducted by a specially trained nurse. 
The participants were given both oral and written advice focusing on lifestyle 
intervention towards impaired glucose tolerance and obesity. The protocol 
and a new short counselling session were repeated at follow-up after 12 
months.  

Similar follow up visits, including a health examination and blood sampling, 
were carried out at 3 and 5 years in both study groups. A power calculation 
showed that 99 participants in each group with a standard deviation of 5.0 
mg/L would detect a decrease in CRP from 3 mg/L to 1 mg/L at a power of 
80%. As CRP levels above 3 mg/L are associated with higher cardiovascular 
risk, such a decrease would potentially be of clinical importance.  
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Paper III 

The northern Sweden cohorts 

This was a prospective, population-based, case-referent study within the 
northern Sweden cohorts which consisted of the Västerbotten Intervention 
Programme (VIP) and the WHO MONItoring trends and determinants in 
CArdiovascular disease (MONICA) study in northern Sweden. 74,000 
individuals participated in the Northern Sweden Cohorts from 1985 to 1999. 
Participants were requested to donate blood samples and were asked to 
answer a questionnaire with items on social background, smoking habits, 
medical history, and drug intake. 

The WHO MONICA study in northern Sweden 

The WHO Monica study was initiated in 1982 in 26 countries with the 
objective of measuring trends in cardiovascular disease and mortality.122 In 
the framework of MONICA, population-based surveys were performed in 
1986, 1990, 1994 and 1999 in Norrbotten and Västerbotten counties with a 
total population of about 510 000.123 In 1986 and 1990, a sample of  2000 
individuals aged 25-64 years were randomly selected and invited (stratified 
for age and sex) to participate In 1994 and 1999 the age span was increased 
to 25-74 years and the sample to 2500 individuals. The participation rate in 
the MONICA study in northern Sweden was over 75%. 

The Västerbotten Intervention Programme 

The Västerbotten Intervention Programme started in 1985 as a community 
intervention program on CVD and diabetes prevention in the county of 
Västerbotten, Sweden. All men and women upon reaching 30, 40, 50 and 60 
years of age in Västerbotten county are invited to participate in a screening 
program for CVD and diabetes and requested to answer a questionnaire at 
their local primary health care centre (since 1996 the individuals reaching 30 
years are no longer included). Participants undergo an examination and 
health counselling focusing on lifestyle and risk factors for CVD and 
diabetes. All parts of the intervention, questionnaire, examination and blood 
sampling were designed to be as similar to the MONICA survey as possible. 
The participation rates have ranged between 48 and 67 %.124 
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Case and referent definition  

For the purpose of identifying of first-ever stroke cases, hospital records, 
general practitioners reports and death certificates were screened for stroke 
events and validated according to the MONICA criteria.125 The WHO 
MONICA criteria excluded transient ischemic attacks, subdural hemorrhage, 
and strokes with concomitant brain tumour or severe blood disease.126 Cases 
with definite first-ever stroke were defined by the Northern Sweden 
MONICA Incidence Registry during the period of January 1, 1985, to 
September 20, 2000.127 Stroke subtypes were divided into intracerebral 
hemorrhage (International Classification of Diseases, ninth revision (ICD-9 
code 431), cerebral infarction (ICD-9 code 434), and unspecified stroke 
(ICD-9 code 436) see figure 8. Cases diagnosed as subarachnoid 
hemorrhages were excluded. Intracerebral hemorrhage was diagnosed 
through a positive finding on CT scan and/or autopsy. For cerebral 
infarction, no sign of hemorrhage on CT scan or autopsy was allowed. 
Cerebral infarction cases were further divided into large vessel disease, 
cardioembolic stroke, small-vessel disease, other specified and 
undetermined stroke according to Trial of Org 10172 in Acute Stroke 
Treatment (TOAST) criteria.128 A computerized algorithm was used for 
defining TOAST subtypes.129  

Two referents for each case were randomly selected from the same 
population-based health surveys. Referents were matched for sex, age (±2 
years), date of health survey (±1 year), type of survey (VIP or MONICA), and 
geographic region. Referents were also excluded if they had died or moved 
out of the MONICA region before the date of the index event. 
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Figure 8  

Population in paper III. 

 
 
 

74,000 individuals 
participated in the Northern 
Sweden Cohorts from 1985 
to 1999. 

308 cerebral infarctions 
(ICD-9 code 434).  

70 cases excluded due to previous myocardial infarction, 42 
due to previous cancer and 84 due to insufficient blood 
samples. Six cases of unspecified stroke (ICD-9 code 436) and 
11 cases with missing CRP analysis were also excluded. 

 

61 intracerebral 
hemorrhages (ICD-9 
code 431). 

582 stroke cases identified 
January 1, 1985, to 
September 20, 2000. 

Counties of Västerbotten and 
Norrbotten (Northern 
Sweden cohorts), population 
~ 500 000.  
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Paper IV 

Study population and design 

We conducted a pre-specified hypothesis generating study within a double-
blinded, placebo-controlled, randomized, prospective, investigator-initiated 
multicentre study of the effects of atorvastatin on recurrence of atrial 
fibrillation (AF) after cardioversion. Between August 2004 and January 
2007, a total of 234 patients with persistent AF and an indication for 
cardioversion were included. Five of the participating centres collected blood 
samples from their 129 included patients for the present study. Persistent AF 
was defined as AF with duration of more than 7 days. Patients under 18 years 
and over 80 years of age were excluded, as were patients with paroxysmal 
AF, atrial flutter, contraindications to atorvastatin, ongoing treatment with 
lipid-lowering drugs, ongoing treatment with class I or class III 
antiarrhythmic treatment, oral amiodarone six months before inclusion, or 
known liver disease or myopathy, as well as patients with a previous 
electrical cardioversion during the last 12 month. Treatment with beta 
receptor-blocking agents, calcium antagonists, diuretics, digoxin, ACE-
inhibitors, ARBs, and acetylsalicylic acid was used when clinically indicated. 
Before randomization, i.e. at baseline, a detailed medical history was 
obtained and a transthoracic echocardiographic examination, 12-lead 
electrocardiography, and basic laboratory analyses were performed including 
PAI-1 activity, PAI-1 mass, tPA activity, tPA mass, vWF, CRP and blood 
lipids. Patients were then randomized to 80 mg Atorvastatin or placebo, 
initiated at least 14 days before the elective cardioversion. Further samples 
and follow-up were made at day 2 and 30 days after cardioversion, figure 9.  

 
Figure 9  

Study design in paper IV.  
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Populations 
 

Table 1 shows a compilation of baseline variables in papers I-IV for 
comparison of the study populations.  In paper IV, there was no 
measurement of blood pressure. For paper I there is no data on smoking. For 
Paper II and referents in Paper III, age at screening is shown. For ischemic 
strokes, age refers to age at the stroke event. 

 

    Paper I  Paper II Paper III Paper III Paper IV 

      All   Ischemic  Referents 

      participans  stroke 

   

Number                             n=20  n=193 n=308 n=735 n=129 

 

Age   (years)  36  (30; 45)  60  (50; 60) 61 (54; 66) 60  (50; 60) 67  (59; 74) 

Sex M/F  (% men)  20/0 (100) 70/122 (36) 175/133 (57) 436/299 (59) 97/32 (75) 

Smokers  (%)  -  16  (8) 73 (24)  141  (19) 11  (9) 

Weight  (kg)  75  (66; 86) 84  (77; 92) 77 (67; 87) 76  (66; 85) 86 (76; 98) 

BMI   (kg/m2)  22  (21; 27) 30  (29; 32) 26 (24; 29) 26  (24; 28) 27.6 (25; 30) 

CRP   (mg/l)  1.4  (0.4; 4.2)   2.4  (1.3; 5.1) 1.4 (0.7; 3.1) 1.0 (0.5; 2.2) 2.3 (1.2; 3.6) 

Systolic BP  (mmHg)  120  (111; 125) 140  (126/154) 143 (129; 154) 133 (122; 146) - - 

Diastolic BP  (mmHg)  70  (65; 80) 85  (80; 92) 88 (83; 94) 83  (79; 91) - - 

Total cholesterol (mmol/l)  5.0  (4.5; 5.7) 5.6 (5.0; 6.3) 6.3 (5.6; 7.1) 6.2 (5.3; 6.9) 5.3 (4.8; 5.9) 

LDL   (mmol/l) 3.3  (2.9; 3.9) 3.6 (3.1; 4.2) 4.3 (3.8; 5.0) 4.2 (3.6; 5.0) 3.3 (2.8; 3.8) 

HDL   (mmol/l) 1.3  (1.2; 1.5) 1.2 (1.0; 1.4) 1.1 (1.0; 1.5) 1.3  (1.0; 1.6) 1.2 (1.1; 1.4) 

Triglycerides  (mmol/l) 0.7 (0.6; 1.0) 1.8 (1.3; 2.5) 1.5 (1.0; 2.1) 1.3  (0.9; 1.8) 1.6 (1.0; 1.9) 

 
Table 1 

Compilation of baseline variables in paper I-IV. Median and 25th and 75th percentiles 

are given. 
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Laboratory procedures in study I-IV 

Plasma samples for lipid measurement were obtained after a minimum of 4 
hours of fasting. In Papers I and II, total cholesterol and triglycerides were 
analyzed using kits from Roche/Boehringer (Mannheim, FRG) and LDL and 
HDL cholesterol were measured by direct, homogeneous assays based 
on detergent treatment of the serum or plasma (N-geneous™ HDL-c and N-
geneous™ LDL  reagents, respectively, from Genzyme Corporation, 
Cambridge, MA, USA). Cholesterol was measured with Reflotron bench-top 
analysers in the Västerbotten Intervention Program, and by an enzymatic 
method (Boehringer Mannheim GmbH, Germany) at a central laboratory in 
MONICA. Plasma CRP was determined with an automated high sensitive C-
reactive protein method (IMMULITE, Diagnostic Products Corporation, 
USA), the interassay coefficient of variation was <6%. IL-6 and TNFα were 
also analysed using IMMULITE and the inter-assay coefficient of variation 
was 5.1% for IL-6 and 6.5% for TNFα. For analysis of fibrinolytic markers, 
blood samples were collected in Stabilyte tubes and analysis was carried out 
using an enzyme-linked immunosorbent assay (ELISA). Chromolize PAI-1 
and Chromolize t-PA from Biopool AB, Sweden, was used to determine 
activities of PAI-1 and tPA, respectively. Tintelize PAI-1 and Tintelize t-PA 
was used to determine mass concentrations of PAI-1 and tPA, respectively. 

Genotyping for the CRP 1444C>T SNP (rs1130864) was performed by a 5´-
nuclease (TaqMan) assay on an ABI PRISM 7900HT sequence detector 
system (Applied Biosystems) as described. A subset (10% of the samples) 
was reanalyzed and all results were consistent.  

The terms t-PA and PAI-1 mass are often named t-PA and PAI-1 antigen and 
includes t-PA and PAI-1 in complexes130 as shown in figure 10. In paper IV, 
the terms t-PA mass and PAI-1 mass are used. Antigen should be separated 
from t-PA and PAI-1 activity which are t-PA and PAI-1 in uncomplexed 
(active) form.47  
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Figure 10  

Schematic representation of the relationship between t-PA antigen and activity, PAI-1 

antigen and activity and t-PA/PAI-1 complex  
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Statistical analyses 

All analysis was performed using Statistical Package for the Social Sciences 
(SPSS) version 11.5.1 (Chicago, IL, USA) for Papers I-III and version 17.0 for 
Paper IV. Two-tailed tests were performed and P-values below 0.05 were 
considered as statistically significant. 

Paper I 

Median and 25th and 75th percentiles were calculated for baseline variables. 
Mann-Whitney U test was used to study differences between the two dietary 
groups and Wilcoxon's rank sum test for comparison within the groups 
during the course of the study. Spearman rank-order correlation coefficient 
and linear regression models were used to examine the associations between 
variables.  

Paper II 

Mann-Whitney U test was used for comparisons between the two treatments 
groups and Wilcoxon's signed ranks for comparison within the groups. In 
linear regression analysis the dependent variable CRP was log-transformed. 
Relation between changes in CRP and changes in body weight, glucose and 
insulin were analysed with linear regression. Differences between groups of 
categorical variables were calculated using Chi-square tests. Analysis was 
made according to intention to treat. 

Paper III 

The distribution of CRP was skewed and presented as geometric means. 
Spearman rank-order correlation coefficient was used to examine the 
correlation between the studied variables. To test the relation between CRP 
and the risk of stroke, CRP was categorized into three risk groups <1mg/L, 1-
3mg/L, and >3mg/L. Conditional logistic regression analyses were used to 
calculate odds ratios (OR) and 95% confidence interval (CI). Multivariate 
logistic regression was performed to estimate the effects on different risk 
markers when controlling for continuous (BMI, total cholesterol) and 
categorical (CRP, smoking, hypertension and diabetes) variables. Deviation 
from Hardy-Weinberg equilibrium was tested by a χ2 test. Wilcoxon rank 
sum test was performed to test genotype-phenotype associations. A power 
calculation showed that an OR of <0.65 and >1.49 for CRP could be detected 
at a power of 80% with a significance level of 5% from our 311 cases of 
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ischemic stroke. Corresponding values for the 61 cases of intracerebral 
hemorrhage were <0.34 and >2.43.  

Paper IV 

The Mann-Whitney U test was used for comparisons between groups and the 
Wilcoxon signed ranks test for comparisons within the groups. Chi-square 
was used for grouped variables when comparing the subgroup with the 
entire population. Correlation between variables was tested with 
Spearman´s test. Logistic regression was used to calculate the odds ratio and 
95% CI for components of the fibrinolytic system to predict rhythm at 30 
days while adjusting for potential confounding factors. In the initial model 
fibrinolytic variables were analysed, thereafter the contribution of CRP was 
analysed. The components of the metabolic syndrome (hypertension, 
triglycerides, BMI and cholesterol) were then added and, finally, age and 
smoking.  
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Etical considerations 

The study protocols for study I to III were approved by the Research Ethics 
Committee of Umeå University and data handling procedures were approved 
by the National Computor Data Inspection Board when appropriate. Study 
IV was approved by the Ethics Committee at Karolinska Institute and the 
Swedish Medical Product Agency. All studies complied with the Declaration 
of Helsinki. Informed consent was obtained from patients in all studies. For 
study III, all subjects were informed at the time of the health examination 
and gave written consent to future use of examination data and blood 
analyses for research purposes. Data analyses were consistently performed 
on anonymous data sets so no individuals could be identified. 
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RESULTS 

 

Effect of physical activity on CRP, IL-6 and TNFα. (Paper I) 

The study base was twenty normotensive men with a normal BMI, aged 18-
55 years. Intense physical exercise was preformed during the first two weeks 
of the study with a six week follow-up period.  

Median CRP level was 1.37 mg/L at baseline and increased significantly 
during the first week of exercise to 5.0 mg/L (p=0.00) and then decreased 
significantly during the second week to 2.0 mg/L (p=0.02). From baseline to 
the end of the study CRP decreased significantly to 0.7 mg/L (p=0.02).  

CRP levels did not correlate to weight or LDL, nor did the change in CRP 
correlate to the change in weight or LDL from baseline to the end of study. In 
a linear regression model, CRP was associated with IL-6, but not with TNFα, 
lipids, or weight at baseline and the change of CRP during the study was 
associated with the change in IL-6 (p=0.018).  

 

There was no change in IL-6 from baseline to the end of the study. From the 
second week of exercise, where IL-6 levels peaked, to the end of study, there 
was a significant decrease in IL-6 levels (p=0.01). Regression analysis 
showed that change in IL-6 during the study was associated with changes in 
CRP and TNFα.  

 

TNFα increased significantly from baseline to week one (median levels from 
6.8 pg/ml to 7.9 pg/ml; p=0.03) and two (median level 8.4 pg/ml; p=0.00). 
There was no change in TNFα between baseline and end of the study. As for 
IL-6, the decrease from the second week to the end of the study was 
significant. The TNFα levels were not associated with lipids. 

Weight decreased significantly after two weeks of exercise and remained 
significantly lower at the end of study. We analysed correlations between 
CRP, IL-6, TNFα, BMI and weight. CRP was correlated to IL-6 at baseline 
(r=0.702 p=0.001) and week one of exercise (r=0.484 p=0.03), but not to 
any other variable at any time. IL-6 and TNFα did not correlate to each other 
or to BMI or weight at any time. 
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Dietary effects on inflammation during physical activity 

We did not observe any significant difference between the two dietary groups 
in the inflammatory variables, weight, BMI, age, systolic and diastolic blood 
pressure at any time during the study. Significant changes in CRP levels were 
only seen within the dietary group with 40 energy percent from fat where it 
increased during the first week, but was lower between baseline and end of 
the study. 
TNFα increased significantly in both dietary groups after two weeks of 
exercise. Thereafter levels dropped significantly to the eighth week. There 
was no difference in TNFα levels in either group from baseline to the end of 
the study. For IL-6 there were no significant changes within either group. 
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Effect of lifestyle intervention on CRP in obese with 
impaired glucose tolerance.  (Paper II) 

The study population was 193 subjects with an abnormal OGTT and a BMI 
>27 kg/m2. At baseline the intervention group had a higher body mass 
index, CRP levels and lower triglycerides and fasting plasma insulin levels 
than the control group. CRP levels during the study are presented in figure 
11. 

Smoking, higher BMI and female sex were correlated to a higher CRP level at 
baseline when studying all participants. 

No difference in CRP levels was found at one year follow-up between the two 
treatment groups. There was a significant reduction in CRP within the 
intervention group after one month at a wellness centre. This decrease 
persisted at the one year follow up, but not after three years. When 
comparing the change in the CRP level from baseline to the one year follow 
up between the groups there was a significant reduction of the CRP level in 
the intervention group compared with the control group.  

To study how the change in CRP related to the changes in metabolic 
parameters, we analysed the change in these parameters from baseline to the 
one month of follow-up (when the maximum decrease in CRP occurred) in 
the intervention group. During this time CRP decreased 1.43 mg/L, fasting 
glucose 0.47 mmol/L body weight 4.1 kg and fasting plasma insulin 11.2 
pmol/L. Only the change in fasting glucose correlated to the change in CRP 
(p=0.031). 
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Figure 11 

CRP levels during the study in the two groups. 
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CRP as a predictor of stroke. (Paper III) 

Time from baseline screening to the event was, on average, 52 months for 
the 308 ischemic strokes and 50 months for the 61 intracerebral 
hemorrhagic strokes. 749 matched referents were randomly selected from 
the same population-based health surveys. In the intracerebral hemorrhage 
group 90% had hypertension and 72% were men. 

 Significant correlations were found between CRP and age, smoking, BMI, 
cholesterol, diabetes, and hypertension. The logistic regression analysis 
showed that CRP, hypertension, diabetes, cholesterol and BMI were 
significantly associated with ischemic stroke as outcome. In the multivariate 
model including smoking, hypertension, cholesterol, BMI, and diabetes, CRP 
(>3mg/L vs. <1mg/L) remained associated with ischemic stroke OR 2.06 
(95% CI; 1.29 to 3.29). In stratified analysis this finding was consistent 
among men and women, hypertensives and normotensivs.  

 In TOAST classified ischemic stroke, CRP (>3mg/L vs. <1mg/L) was 
significantly associated with large vessel disease, cardioembolic stroke, small 
vessel disease and undetermined stroke. In the multivariate model a 
significant association remained only for small vessel disease.  

Hypertension was by far the strongest determinant for intracerebral 
hemorrhage with an OR of 12.7 (95% CI, 3.81 to 42.2). No significant 
associations between CRP and intracerebral hemorrhage were found. 

 
The CRP 1444C>T genotype was significantly associated with plasma levels 
of CRP with highest levels observed in subjects with the CRP 1444TT 
genotype, median (interquartile range) 1.40 (0.95–2.96) vs. 1.09 (0.59–2.37) 
for the CRP 1444CC/CT group. In contrast, the CRP 1444 genotype (CC/CT 
vs. TT) was not associated with either ischemic stroke, intracerebral 
hemorrhage or total stroke. 
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PAI-1 mass as predictor for recurrence of atrial fibrillation 
(Paper IV)  
 

In total, 129 patients with a mean age of 65 were eligible for the study. Table 
2 shows that the studied subgroup was representative of the entire study 
population in baseline characteristics. There was no significant difference in 
studied variables. 
 

 

  Subgroup Entire study P-value       
 

Number (n)   129  234  

  

Age  (years) 67.0 (59.0; 73.5)  66.0 (59.0; 73.0)   0.79  

Sex M/F  n (% men) 97/32 (75.2) 176/58 (75.2)       1.00  

Smokers  n (%) 11 (8.5) 21 (9.0)            0.88  

Weight  (kg)  86.0 (76.5; 98.0) 88.0 (78.0; 98.0) 0.70  

Body mass index  (kg/m2) 27.6 (25.1; 30.9) 27.8 (25.3; 30.9) 0.64  

Total cholesterol  (mmol/L) 5.30 (4.80; 5.90) 5.20 (4.60; 5.90) 0.62  

HDL (mmol/L) 1.24 (1.05; 1.41) 1.24 (1.05; 1.43) 0.87  

LDL  (mmol/L) 3.28 (2.78; 3.83) 3.18 (2.70; 3.74) 0.45  

Triglycerides  (mmol/L) 1.58 (1.02; 1.88) 1.45 (1.08; 1.87) 0.56  

Hypertension  n (%) 54 (41.9) 112 (47.9) 0.27  

Stroke  n (%) 5 (3.9) 11 (4.7) 0.72  

ICH  n (%) 8 (6.2) 10 (4.3) 0.42  

 
 
Table 2 

Baseline characteristics. Subgroup versus entire study are compared. Median and 

25th and 75th percentiles are given. 

 

Effect of cardioversion and rhythm 

 

Two days after cardioversion, PAI-1 activity, PAI-1 mass, and tPA mass had 
decreased significantly and CRP had increased significantly compared to 
baseline. Among the 53 individuals who remained in sinus rhythm after 30 
days, PAI-1 activity, tPA activity, and tPA mass was significantly lower at day 
two after cardioversion compared to baseline and in the group with atrial 
fibrillation, PAI-1 mass was significantly lower. CRP was significantly lower 
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at day 30 as compared to baseline among those who remained in sinus 
rhythm. There were no significant differences for any fibrinolytic variable, 
vWF or CRP, either at baseline or at day 30 between those who remained in 
sinus rhythm and those who had recurrent AF at follow-up.  

Predictors of rhythm 

In univariate logistic regression, no fibrinolytic variable, CRP level or vWF 
level was significantly correlated with rhythm at day 30. In the multivariate 
analysis (including PAI-1 mass, t-PA mass, t-PA activity, CRP, triglycerides, 
total cholesterol, hypertension, BMI, age and smoking), lower baseline PAI-1 
mass was significantly associated with sinus rhythm at day 30. Lower 
baseline PAI-1 mass was also related to sinus rhythm at day 2 and remained 
significant in the multivariate model. After adding treatment allocation to 
the multivariate model, PAI-1 mass remained significantly associated with 
sinus rhythm both at day 2 and 30.  
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Study outlines 
 

Table 3 shows a compilation of design, population, intervention and results 
of papers I-IV.  

 
 
Table 3 

Compilation of papers I-IV. 

Paper                 Design         Population   Studied      Intervention Endpoint/     Results 

                                                                   markers                          Diagnosis         

                                                                     

(I)  

Andersson J, et al. 

Effects of heavy 

endurance physical 

exercise on 

inflammatory 

markers in non-

athletes. 

Atherosclerosis. 

2010 Apr; 

209(2):601-5 

Observatio-

nal inter-

vention 

cohort study. 

Twenty fit, 

non-athletic 

men aged 

18-55 years. 

CRP, IL-6 

and TNF-α 

levels 

analysed at 

baseline, 

during 

physical 

exercise and 

4, 6 weeks 

after 

intervention.  

Physical 

intervention 

through a 14 

day long 

cross country 

skiing tour. 

Change in 

CRP, IL-6 

and TNF-α 

levels at six 

weeks after 

end of 

exercise.  

 

CRP and TNF-α 

increased 

significantly but 

reacted differently 

during heavy 

physical activity. 

No change was 

observed for IL-6. 

(II) Andersson J, et 

al. Effect of 

intensive lifestyle 

intervention on CRP 

in subjects with 

impaired glucose 

tolerance and 

obesity. Biomarkers. 

2008 

Nov;13(7):671-9. 

Randomized 

controlled 

trial 

193 patients 

with BMI 

>27 kg/m2 

and impaired 

glucose 

tolerance 

requited 

from the 

Västerbotten 

intervention 

programme. 

CRP levels 

at baseline, 

one, three 

and five 

years. 

Lifestyle 

intervention 

through a 1-

month stay at 

a wellness 

centre. 

Change in 

CRP. 

Participants 

followed for 

five years. 

No change was 

observed between 

the groups. CRP 

was significantly 

lower after 1 

(p=0.001) but not 

3 years within the 

intervention 

group.  

(III) Andersson J, et 

al. C-Reactive 

Protein Is a 

Determinant of 

First-Ever Stroke. 

Cerebrovasc Dis. 

2009Apr; 

27(6):544-551 

Prospective 

nested case-

referent 

study. 

308 ischemic 

stroke, 61 

intracerebral 

haemorrha-

ges and 749 

referents. 

Mean age 55 

years at 

inclusion.  

CRP levels 

at health 

examination.  

None. Ischemic and 

hemorrhagic 

stroke. 

OR for CRP 

>3mg/L versus <1 

mg/L was 2.58 

(95% CI 1.74–

3.84) for ischemic 

stroke and 1.63 

(95% CI 0.67–

3.93) for 

hemorrhagic 

stroke.  

(IV) Andersson J, et 

al. Markers of 

fibrinolysis and 

vWF as predictors 

for recurrence of 

atrial fibrillation 

after electrical 

cardioversion. 

Thrombosis 

Research. 2010 

Pre-specified 

hypothesis 

generating 

study within 

a 

randomized 

controlled 

trial. 

129 patients 

with atrial 

fibrillation, 

mean age 65 

years. 

PAI-1 

activity, 

PAI-1 mass, 

tPA activity, 

tPA mass 

and CRP at 

baseline and 

at 2 and 30 

days after 

cardio-

version. 

Substudy of 

a 

randomized 

study, 80 mg 

Atorvastatin 

vs. placebo. 

Sinus rhythm 

30 days after 

cardio-

version. 

PAI-1 mass was 

significantly 

associated with 

sinus rhythm both 

at day 2 and 30 

(OR 0.98; 95% CI 

0.95-1.00) in the 

fully adjusted 

model. 
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DISCUSSION 

 

Populations 

Paper I 

With the objective of exploring the effects of endurance physical activity on 
inflammatory markers we chose a population of healthy men. The group 
leader was an experienced tour guide and general practitioner and selected 
those participants he knew could manage the tour. The external validity of 
the study is low due to the selection process, but the purpose was to study 
mechanisms. All participants completed the study, at least partly, due to the 
selection process. The focus on analysis of mechanisms also meant that the 
number of participants could be kept quite low and still provide useful 
information. The comparatively low number of participants was mainly due 
to the logistics of performing such a physically demanding skiing tour 
(including sampling and dietary preparation) and also for safety reasons. 
Women were not included in the study which means that the results only 
reflect the male gender. An advantage is that the possible effects of the 
hormone cycle, menopause and hormone replacement therapy did not have 
to be regarded. Initially a study on women was also intended but it was never 
conducted due to economical and administrative circumstances. Further 
studies of dietary effects and gender on inflammation during physical 
exercise are needed.   

 Paper II 

Inflammatory markers are known to be increased among obese individuals 
with impaired glucose tolerance.90  The chosen population of individuals 
with obesity and impaired glucose tolerance are of clinical interest as large 
health benefits can be achieved if CVD risk is reduced. The participants were 
recruited from the VIP in which men and women upon reaching 30, 40, 50 
and 60 years of age in Västerbotten County are invited to participate in a 
screening program for CVD and diabetes. The population is representative of 
northern Sweden. A limitation is that only 345 of the 650 who fulfilled the 
inclusion criteria were interested in participating. It is a challenge to put 
one’s life on hold for an entire month. This may have discouraged potential 
participants. This may constitute a potential selection bias. 
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Paper III 

Study III is based on the Northern Sweden cohorts consisting of the VIP and 
the Northern Sweden MONICA study cohorts. The screening centres for the 
VIP, which provided the majority of the screened subjects, are distributed 
around the county of Västerbotten. Selection bias for social and health 
factors in the VIP was assessed for participants in 1992 and 1993.131 
Differences in social characteristics between participants and non-
participants indicated that the social selection bias was small. A somewhat 
lower preference to participate was found for those with low income, 
younger age or joblessness. In general, the health factors were found to be 
quite similar, but participants in the VIP had lower mean total cholesterol 
and their blood pressure was generally higher. The VIP only included 
subjects aged 30-60 years and MONICA 25-74 years, limiting the external 
validity, especially for older populations where stroke is more common. 
Cases with myocardial infarction or cancer were excluded as they were 
included in other studies. 

Paper IV 

With the primary aim of exploring the role of fibrinolytic factors as 
predictors of maintenance of sinus rhythm after electrical cardioversion with 
adjustment for CRP and metabolic factors, patients were recruited in a 
multicentre study. Five participating centres collected blood samples from 
129 patients with a duration of atrial fibrillation more than 7 days between 
August 2004 and January 2007. Patients under 18 years and over 80 years 
of age were excluded, as were patients with paroxysmal AF, treatment with 
lipid-lowering drugs or ongoing treatment with class I or class III 
antiarrhythmic drugs. Lipid-lowering drug use as an exclusion criterion 
probably contributed to a population representing a lower cardiovascular 
risk. A rather large proportion of screened patients, 39%, were also excluded 
of this reason in the main study.132 Further research is needed to clarify if our 
results are applicable to those patients with atrial fibrillation taking statins. 



 

 47 

Study designs 

Paper I 

In study one an observational cohort study design was used. As the study 
objective was to observe changes in inflammatory variables during and after 
heavy endurance physical exercise it was important to control the exercise 
performed. The subjects were on the same tour so compliance to exercise is 
indisputable. The level of difficulty was mainly the same for every participant 
independent of previous physical fitness. The selection of study subjects 
required that they be fit and able to perform the tour which was designed to 
be strenuous even for trained individuals. Furthermore, diet was rigidly 
controlled as each participant had his diet packed in advance randomized to 
30 or 40 energy percent fat by a dietician, but there were no limitation to 
total energy intake for each individual. 

One limitation is that blood samples were only performed five times during 
the study. Closer monitoring, especially during the first hours and days of 
exercise, would have been of interest as many inflammatory markers 
respond within hours. This was not practically feasible due to the conditions 
during which the study was preformed. The dietary groups were small which 
markedly hamper conclusions on the effects of diet fat composition during 
exercise.  

The analytic sensitivity constituted another limitation as IL-6 levels are very 
low in healthy subjects; the numbers of subjects with IL-6 levels below the 
detection limit of 2 pg/ml were 15 at baseline, 11 at week one, 9 at week two, 
16 at week six and 15 at week eight of the 20 participants. Early changes in 
IL-6 were not observed due to the limited number of blood samples during 
the study as half-life of IL-6 is very short. The results should reflect the 
effects of heavy endurance physical exercise on CRP, IL-6 and TNFα in 
healty, non-athletic, male subjects.  

 Paper II 

Study II was performed as a randomized controlled trial with change in CRP 
levels as outcome. The intensive intervention programme had an extensive, 
all-embracing focus on healthy lifestyle including daily low to moderate 
intensity exercise, a high fibre, low-fat content diet, health promoting coping 
strategies, stress management and relapse prevention techniques. This 
approach does not allow determination of individual components in the 
programme on CRP levels, but instead mirrors the effects of the combined 
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lifestyle change on CRP levels in this population. Neither the mechanisms 
involved nor the potential health benefit related to reduced CVD risk can be 
answered by this study design. To study if the effect on CRP levels translates 
into a reduced risk for CVD requires a considerably larger sample size and 
would have necessitated a far greater expense. The control group underwent 
a counselling session for 30-60 minutes conducted by a specially trained 
nurse and were given both oral and written advice focusing on lifestyle 
intervention, but they had to find time independently to introduce exercise 
and dietary modifications. The differences between the groups are primarily 
the time to start up a healthy lifestyle and available support during that time. 
An alternative control group could have had weekly meetings during one 
month so that problems and questions arising could have been answered and 
information repeated. A limitation to the study was that the intervention 
group had a higher BMI, CRP levels and lower triglycerides and fasting 
plasma insulin levels than the control group at baseline. This has to be 
considered during interpretation of the results. We have found no specific 
cause and assumed this was a random phenomenon.   

Paper III 

To study CRP as a determinant for stroke a prospective population-based, 
nested, case-referent study design was used. The prospective design means 
that blood samples had been drawn before the stroke event which reduces 
the risk for reverse causation, i.e. that stroke caused elevated CRP levels. The 
prospective design also allows fatal cases to be included, in contrast to a 
retrospective, case-control design. The nested case-referent design is more 
cost-effective than a normal cohort study as only cases and matched controls 
have to be analysed. The study does not consider current lipid lowering 
medication which may have affected CRP levels. However, as the population 
had no previous myocardial infarction or stroke the number of individuals 
on such treatment were probably limited. The questionnaire did not include 
other health conditions that may induce inflammatory responses such as 
infections. The single measurement of the analyzed CRP adds to this 
limitation. The intracerebral hemorrhage group and TOAST classified 
subgroups are small due to a strict subtyping process which reduces 
statistical power. Type two errors cannot be ruled out.  

Paper IV 

Study IV was performed as a pre-specified hypothesis generating study 
within a randomized, controlled, multicentre study. As an explorative 
substudy, the results should be regarded as hypothesis generating. The 
number of patients is a limitation; the study is underpowered to detect 
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weaker associations. Another limitation is that asymptomatic paroxysmal 
atrial fibrillation was not detected unless it coincided with the follow-up. 
Patients were randomized to 80 mg atorvastatin or placebo. This 
randomization was not necessary for the present study which could have 
been performed as cohort study instead of the randomized controlled study 
design. To adjust for the treatment randomization, the results have be 
adjusted for treatment (atorvastatin or placebo) in the multivariate analysis.  
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Main results 

Inflammation and physical activity in cardiovascular medicine 

Physical activity is recognised to reduce the risk for CVD, but the mechanism 
is not fully understood.78, 79 In paper I, we found that physical activity 
reduced CRP in healthy subjects. A study by Mora133 showed that the inverse 
association between physical activity and CVD risk was explained primarily 
by inflammatory and haemostatic factors (32.6%) followed by blood pressure 
(27.1%). It is possible that anti-inflammatory effects, at least in part, explain 
how physical activity is associated with the risk of CVD.  

The effect of physical activity on inflammation is complex. A sudden 
increased physical activity may result in overtraining and exhaustion causing 
an inflammatory reaction. The inflammatory response from intense exercise 
also seems to depend on the type of exercise.82, 134 Such an inflammatory 
response may explain the initial increase in CRP and TNF-α during the first 
week of training in paper I. During the second week of training, CRP started 
to decrease which may be caused by adaptive and anti-inflammatory 
responses. It is interesting to note that six weeks after the exercise, CRP 
levels remained lower than baseline. A longer follow up would have been 
interesting. The anti-inflammatory effect of physical activity may have both a 
delay to onset and a prolonged effect after the training has ceased. It is also 
possible that the study in some way changed the participant’s lifestyle, 
thereby contributing to the lower CRP levels even after six weeks. 

TNF-α, in comparison to CRP, continued to increase throughout the exercise 
period and then returned to baseline. TNF-α can induce CRP production but, 
does not explain CRP changes in this study. IL-6 is well known to induce 
CRP production but did not change significantly during the exercise in our 
study. The only significant change in IL-6 was from the second week of 
exercise, with the highest IL-6 levels, to the end of the study. IL-6 levels are 
lower in more physically active subjects which may explain the low IL-6 
levels seen in our study.135 As neither TNF-α or IL-6 alone can explain 
changes in CRP levels it is reasonable to assume that other adaptive or anti-
inflammatory cytokines as IL-10 are involved.40 We must also recognise the 
inflammatory modulating properties of IL-6.40 It may not only act pro-
inflammatory, but also anti-inflammatory. IL-6 can be derived from muscles, 
as well as adipose tissue. If the effect of IL-6 production in muscles during 
physical exercise is different from that in adipose tissue among obese 
individuals remains to be answered.136, 137 We hypothesise that there is a slow 
adaptive inflammatory equilibrium that can be altered depending on the 
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level of physical activity. The change in this inflammatory equilibrium 
through physical exercise may result in decreased levels of inflammatory 
markers, which in turn may explain the reduced risk for CVD through 
physical exercise. 

The reduction in CRP in paper I seemed independent of changes in weight 
and metabolic variables. And in paper II, CRP reduction was only associated 
to the reduction in fasting glucose levels. Physical activity thus seems to be 
able to decrease inflammation independent of changes in weight and 
metabolic variables which is supported by previous studies.82, 84, 89 This 
finding is, however, limited to the studied populations and non-linear 
associations may also exist.  

In paper I, CRP reduction was achieved through physical exercise in a 
healthy group with normal CRP levels. Physical exercise is also beneficial for 
risk group subjects. In paper II we found that CRP levels could be reduced 
through a combination of lifestyle changes, including physical activity, in an 
obese population with impaired glucose tolerance. The beneficial effect of 
physical activity on individuals with CVD is well recognized for reducing 
cardiac mortality.138-140 

Inflammation, obesity and type 2 diabetes in cardiovascular 

medicine 

Systemic immune mediators are associated with progression to type 2 
diabetes in obese subjects with impaired glucose tolerance.141 The finding in 
paper II, namely reduced CRP levels through comprehensive lifestyle change 
including diet, exercise, stress management, and smoking cessation imply a 
relationship between metabolism and inflammation in obese subjects with 
impaired glucose tolerance. The participants in paper II also reduced the 
progression to type 2 diabetes after one, but not three or five years.142 The 
study baseline CRP levels correlated to body mass index. 

Paper II does not address the causes of reduced CRP levels, but there are 
several possibilities. Weight loss can reduce CRP levels independent of type 
of intervention, lifestyle and surgical intervention alike.93 Exercise can also 
reduce CRP levels independent of weight loss in type 2 diabetics with the 
metabolic syndrome.143 Smoking cessation144 and improved alcohol habits145 
may also contribute to lower CRP levels. Paper II supports lifestyle change as 
a non-pharmacological measure to reduce elevated CRP levels among obese 
with impaired glucose tolerance, a group with increased risk for CVD. 
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In paper I, CRP reduction from baseline to the end of the study was only 
observed among those randomized to 40 energy percent from fat in the diet. 
This observation warrants further studies of the dietary effects on the 
inflammatory response during physical exercise. 

CRP and stroke  

Stroke is a highly heterogeneous disorder. In paper III we found that 
elevated CRP levels was a predictor of ischemic stroke, a finding supported 
by previous studies.66-67, 146-151 However, when studying subgroups of 
ischemic stroke, CRP was most strongly related to small-vessel disease. 
Stroke subtypes have not been regarded in previous studies, but there are 
some support for the finding of a stronger relation between CRP and small-
vessel disease in the PROGRESS152 and the Rotterdam Scan study.153 The 
subgroups were small in our study and a correlation to other subgroups can 
not be ruled out due to the possibility of type 2 errors.  

In paper III we found no relation between CRP and intracerebral 
hemorrhage. We have identified two previous studies on this subject both 
supporting our finding.153, 154 Considering that intracerebral hemorrhage and 
ischemic stroke have different risk factors and disease mechanisms this 
finding is reasonable.155 

The CRP1444TT genotype studied in paper III was associated with increased 
levels of CRP, but not to stroke. This finding, a form of Mendelian 
randomization, indicates that the relation between CRP and stroke is not 
causal and this is supported by previous studies.156, 157.  

Inflammation, haemostasis and atrial fibrillation 

The pathophysiology behind atrial fibrillation is not fully understood. Since 
the 1990s there has been an increasing interest in the inflammatory 
mechanisms possibly involved.158-164  

In paper IV no fibrinolytic component or CRP was found to be a predictor of 
recurrence of atrial fibrillation in univariate analysis. In multivariate models, 
lower PAI-1 mass was associated with sinus rhythm even after adjusting for 
CRP and markers of the metabolic syndrome, suggesting a link between 
atrial fibrillation and PAI-1 mass, a finding which is coherent with previous 
studies.50 Atrial fibrillation causes disturbances in the fibrinolytic system 
possibly contributing to the prothrombotic state observed in this 
arrhythmia.52 The changes seem to be rapid as fibrinolysis improved within 
two days after electrical cardioversion in paper IV. Inflammation, 
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endothelial dysfunction, hypertension and insulin resistance have all been 
proposed to influence fibrinolytic function in atrial fibrillation.47, 52  
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Clinical utility 

In prevention 

Physical activity and the maintenance of a normal body weight throughout 
life are key factors in avoiding the development of metabolic disorders and 
cardiovascular diseases. The findings in our studies further support the 
importance of physical exercise. We also show that among obese subjects 
with impaired glucose tolerance, which have both increased CRP levels and 
increased risk for CVD, comprehensive lifestyle change can be used to 
significantly lower CRP levels. Our results need confirmation and further 
research is needed to see if the effect on CRP levels translates to decreased 
risk of developing cardiovascular disease. 

In clinical practise 

The JUPITER trial165 in 2008 brought CRP closer to clinical utility as a guide 
for initiation of statin treatment to limit cardiovascular events. Inflammation 
thereby moved towards practical clinical utility in risk assessment and CRP 
emerged as a potential target for therapy. However, the study only address 
the preventive effects of statin drugs with regard to CVD among healthy 
subjects with normal LDL levels and increased levels of CRP, leaving the 
question of causality unanswered. The study may actually only imply that 
current LDL goals are not low enough. 

The American Heart Association had guidelines for CRP assessment in 
cardiovascular risk prediction even before the Jupiter study. CRP was found 
to have its greatest value in primary prevention among an intermediate risk 
group.61 Reynolds Risk Score is another risk scoring tool for calculating the 
CVD risk and is available without cost at http://www.reynoldsriskscore.org. 
Experiences from Linköping University Hospital, where CRP was routinely 
followed during follow-up visits after acute coronary syndromes, show that 
statin treatments and other interventions made interpretation difficult and 
clinical value was limited. The AHA statement are in line with these 
experiences stating that application of management guidelines for acute 
coronary syndromes and secondary prevention measures should not be 
dependent on CRP levels. Swedish cardiologists have a generally reserved 
approach to utilizing CRP for CVD prediction. This position is supported by a 
recent review that does not support the routine use of CRP for risk 
stratification of intermediate risk persons.166  
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In risk stratification 

Our studies also show that CRP constitutes a possible risk marker for all 
subtypes of cerebral infarction except those of rare causes (e.g. 
haematological disorders) but the strength of the relationship is different 
among subtypes of stroke. These results add to previous knowledge on CRP 
as a risk marker for CVD.  

C-reactive protein can thus be used in the risk stratification of cerebral 
infarction, but similar to CVD where CRP has been found to be a risk 
marker, causality is unclear or suggestive of a non-causative relationship. 
Inflammatory markers still have, regardless of causality, a value in 
improving risk stratification. This is important because we observe serious 
CVD affecting patients despite favorable risk calculations such as the 
Framingham Risk Score. CVD remains the leading cause of death in Sweden. 
Further research is needed to learn which preventive measures are suitable 
for an individual with increased risk according to CRP, but a healthy lifestyle 
would be a good start. 

 

 

 

 

 

 

 

 



 

 56 

Future perspectives on inflammation and cardiovascular 
disease 

CRP as a causal factor in the pathogenesis of atherosclerosis is among the 
most discussed subjects in cardiovascular medicine today. Results from 
Mendelian randomisation studies74, 75 contradict a causal association, but 
when the Jupiter study165 demonstrated that statin drugs can reduce CVD 
among subjects with normal cholesterol but increased CRP levels the debate 
was revived. 

A randomised controlled trial with a CRP antagonist and mortality as 
outcome would give further insight in the casual nature of the relationship. 
For this purpose several methods of reducing CRP have been suggested. 
These include transcriptional inhibition of hepatic CRP synthesis, anti-sense 
strategies and blockage of CRP-mediated complement activation or CRP 
receptors.167 Regardless of the causal role of CRP in atherosclerosis 
increasing knowledge in the pathophysiology behind atherosclerosis can 
improve risk scores, prognostication, and ultimately lead to new treatment 
regimes. 

The inflammatory processes in atherosclerosis are complex involving a 
myriad of proteins. CRP might have gained too much focus. In many analytic 
aspects it is a suitable inflammatory marker, but it does not bring us closer to 
understanding the interactions between inflammation and atherosclerosis. 
The moderate elevations of CRP presently in focus also seem inappropriate 
to be characterised as a systemic inflammation as the levels are within a 
physiologic range and the study subjects lack symptoms of inflammation.  

Increased knowledge of the effects of physical exercise on inflammatory 
markers is important as the preventive effects from physical activity on CVD 
could be mediated through inflammation. We need to understand how 
intensity and duration of physical exercise affects the inflammatory response 
and if the reduction of inflammatory markers carries additional information 
beyond known effects on weight, cholesterol levels, insulin resistance and 
blood pressure. It is therefore interesting that Paper I and II fail to explain 
the change in CRP levels in relation to weight and cholesterol. Future studies 
will require more awareness of the potential influence of diet and gender on 
the inflammatory response during endurance physical exercise, as current 
knowledge is limited. 

C-reactive protein is fairly established as a cardiovascular risk marker. This 
is supported by several large, prospektive and well-controlled trials. 
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Improved knowledge is, however, still needed on CRP as a risk marker for 
different subtypes of ischemic stroke and for specific CVD risk groups such 
as obese and type 2 diabetics. The organisation of large multinational 
cohorts presently assembled for Mendelian randomisation studies on CRP 
genotypes constitute a suitable basis for addressing such questions. 

Treatments to decrease levels of inflammatory markers may, if successful, 
constitute a novel way to increase the success rate and maintenance of sinus 
rhythm during rhythm control management of atrial fibrillation. PAI-1, a 
component of the fibrinolytic system with acute phase response properties, 
is associated with maintenance of sinus rhythm following electrical 
cardioversion. It may become a means to assist the choice between the many 
treatments for atrial fibrillation presently available, such as avoiding adverse 
events from treatment options with low success rate for a particular 
individual. Further understanding of the relationship is needed and future 
investigation of atrial fibrillation treatment guided by PAI-1 or inflammatory 
markers would be of special interest. 



 

 58 

CONCLUSIONS 

 

CRP and TNF-α increased significantly during heavy endurance physical 
exercise but CRP peaked already during the exercise. In the recovery phase 
at the eighth week CRP, but not TNF-α, was significantly lower than 
baseline. For IL-6 there was no significant change during the study. No 
significant differences regarding inflammatory variables were found between 
the dietary groups. 

CRP can be decreased up to one year after intensive lifestyle intervention 
programme on subjects with obesity and impaired glucose tolerance.  

CRP levels >3 mg/L compared to <1 mg/L are associated with a doubled risk 
of having a first ischemic stroke when controlling for traditional risk factors, 
a finding confirmed for the small-vessel disease subgroup.  

No significant association was found between intracerebral hemorrhage and 
CRP.  

There is a relation between the CRP 1444C> T single nucleotide 
polymorphism and plasma levels of CRP but not between the CRP 1444C> T 
single nucleotide polymorphism and stroke. 

In univariate analysis no component of the fibrinolytic system was found to 
be a predictor for maintenance of sinus rhythm. In multivariate models with 
fibrinolytic variables lower PAI-1 mass was associated with maintenance of 
sinus rhythm even after adjusting for CRP and markers of the metabolic 
syndrome.  



 

 59 

ACKNOWLEDGEMENTS  

 

"At times our own light goes out and is rekindled by a spark from another 

person. Each of us has cause to think with deep gratitude of those who 

have lighted the flame within us." 

- Albert Schweitzer, honoured for his humanitarian work with the Nobel Peace Prize 1952 

I would like to acknowledge and extend my sincere gratitude to the following 
persons who have made the completion of this thesis possible: 

My supervisor, Professor Kurt Boman, for your vital encouragement, 
easygoing way of solving problems and never-ending guidance. 

My co-supervisors Jan-Håkan Jansson and Lars Johansson. Jan-Håkan, for 
inspiration, your sharp thoughts and honest approach; Lars for your prickly 
humour and encouragement.  

Collaborators and co-authors for valuable comments and for sharing your 
expertise: Torbjörn Nilsson, Gideon Hellsten, Bernt Lindahl, Göran 
Hallmans, Per-Gunnar Wiklund, Per Ladenvall, Birgitta Stegmayr, Christina 
Jern, Henrik Almroth, Niklas Höglund, Steen Jensen, Per Tornvall, Anders 
Englund, Mårten Rosenqvist and to all members of the VIP and MONICA 
project groups. 

Past and present colleagues at the Department of Medicine and Geriatrics, 
Skellefteå County Hospital and especially to Thomas Suh for proofreading.  

Karin Burman, Marie Tjernqvist, Mona Olofsson, Bengt Norrfors, Marcus 
Lind, Patrik and Maria Wennberg, Jenny Hernestål-Boman and Anette 
Broberg for all your help and support.   
 
Most especially, fond regards to my family and friends. Bernt and Monica 
Andersson for your appreciation and for believing in me and Kristina, your 
support and constructive criticism is greatly appreciated. Finally, thanks to 
all friends who willingly listened to me talk about work and this thesis the 
last few years. 
 
This work was supported by the Foundation of Medical Research in 
Skellefteå, the County Council of Västerbotten and the Swedish Stroke 
Association. This work was also supported with an unrestricted research 
grant from the Swedish Society of Cardiology and Pfizer. 



 

 60 

REFERENCES 

 
 

1. The National Board of Health and Welfare S, Sweden. Causes of 
death 2007. 2009 

2. Gersh BJ, Sliwa K, Mayosi BM, Yusuf S. The epidemic of 
cardiovascular disease in the developing world: Global implications. 
Eur Heart J. 2010;31:642-648 

3. Ross R. Atherosclerosis--an inflammatory disease. N Engl J Med. 
1999;340(2):115-126 

4. Bui QT, Prempeh M, Wilensky RL. Atherosclerotic plaque 
development. Int J Biochem Cell Biol. 2009;41:2109-2113 

5. Libby P. Inflammation in atherosclerosis. Nature. 2002;420:868-
874 

6. Newby AC, Zaltsman AB. Fibrous cap formation or destruction--the 
critical importance of vascular smooth muscle cell proliferation, 
migration and matrix formation. Cardiovasc Res. 1999;41:345-360 

7. Ross R. The pathogenesis of atherosclerosis: A perspective for the 
1990s. Nature. 1993;362:801-809 

8. Bassuk S, Rifai N, Ridker P. High-sensitivity c-reactive protein: 
Clinical importance. Curr Probl Cardiol. 2004;29:439-493 

9. Packard RR, Libby P. Inflammation in atherosclerosis: From 
vascular biology to biomarker discovery and risk prediction. Clin 
Chem. 2008;54:24-38 

10. Doran AC, Meller N, McNamara CA. Role of smooth muscle cells in 
the initiation and early progression of atherosclerosis. Arterioscler 
Thromb Vasc Biol. 2008;28:812-819 

11. Libby P, Hansson GK. The immune response in atherosclerosis: A 
double-edged sword. Nat Rev Immunol. 2006;6:508-519 

12. Tillet WS, Francis T. Serological reactions in pneumonia with a non-
protein somatic fraction of pneumococcus. J Exp Med 1930;52:561-
571 

13. Pepys MB, Hirschfield GM. C-reactive protein: A critical update. J 
Clin Invest. 2003;111:1805-1812 

14. Wolbink GW, Brouwer MC, Buysmann S, Berge IJ, Hack CE. Crp-
mediated activation of complement in vivo: Assessment by 
measuring circulating complement-c-reactive protein complexes. J 
Immunol. 1996;157:473-479 

15. Li SP, Goldman ND. Regulation of human c-reactive protein gene 
expression by two synergistic il-6 responsive elements. 
Biochemistry. 1996;35:9060-9068 

16. Shine B, Beer FC, Pepys MB. Solid phase radioimmunoassays for 
human c-reactive protein. Clin Chim Acta 1981;117:13-23 

17. Koenig K, Sund M, Fröhlich M, Löwel H, Hutchinson WL, Pepys 
MB. Refinement of the association of serum c-reactive protein 



 

 61 

concentration and coronary heart disease risk by correction for 
within-subject variation over time: The monica augsburg studies, 
1984 and 1987. Am J Epidemiol. 2003;158:357-364 

18. Zegura B, Keber I, Sebestjen M, Koenig W. Double blind, 
randomized study of estradiol replacement therapy on markers of 
inflammation, coagulation and fibrinolysis. Atherosclerosis. 
2003;168:123-129 

19. Albert MA, Glynn RJ, Ridker PM. Alcohol consumption and plasma 
concentration of c-reactive protein. Ciculation. 2003;107:443-447 

20. Pankow JS, Folsom AR, Cushman M, Borecki IB, Hopkins PN, 
Eckfeldt JH, Tracy RP. Familial and genetic determinants of 
systemic markers of inflammation: The nhlbi family heart study. 
Atherosclerosis. 2001;154:681-689 

21. Rumley A, Emberson JR, Wannamethee SG, Lennon L, Whincup 
PH, Lowe GD. Effects of older age on fibrin d-dimer, c-reactive 
protein, and other hemostatic and inflammatory variables in men 
aged 60-79 years. Thromb Haemost. 2006;4:982-987 

22. Imhof A, Fröhlich M, Loewel H, Helbecque N, Woodward M, 
Amouyel P, Lowe GD, Koenig W. Distributions of c-reactive protein 
measured by high-sensitivity assays in apparently healthy men and 
women from different populations in europe. Clin Chem. 
2003;49:669-672 

23. Kaptoge K, Angelantonio ED, Lowe G, Pepys MB, Thompson SG, 
Collins R, Danesh J. C-reactive protein concentration and risk of 
coronary heart disease, stroke, and mortality: An individual 
participant meta-analysis. Lancet. 2010;375:132-140 

24. Beer FC, Soutar AK, Baltz ML, Trayner IM, Feinstein A, Pepys MB. 
Low density lipoprotein and very low density lipoprotein are 
selectively bound by aggregated c-reactive protein. J Exp Med. 
1982;156:230-242 

25. Chang MK, Binder CJ, Torzewski M, Witztum JL. C-reactive protein 
binds to both oxidized ldl and apoptotic cells through recognition of 
a common ligand: Phosphorylcholine of oxidized phospholipids. 
Proc Natl Acad Sci. 2002;20:13043-13048 

26. Zwaka TP, Hombach V, Torzewski J. C-reactive protein-mediated 
low density lipoprotein uptake by macrophages: Implications for 
atherosclerosis. Ciculation. 2001;103:1194-1197 

27. Pasceri V, Willerson JT, Yeh ET. Direct proinflammatory effect of c-
reactive protein on human endothelial cells. Ciculation. 
2000;102:2165-2168 

28. Torzewski M, Rist C, Mortensen RF, Zwaka TP, Bienek M, 
Waltenberger J, Koenig W, Schmitz G, Hombach V, Torzewski J. C-
reactive protein in the arterial intima: Role of c-reactive protein 
receptor-dependent monocyte recruitment in atherogenesis. 
Arterioscler Thromb Vasc Biol. 2000;20:2094-2099 



 

 62 

29. Verma S, Wang CH, Li SH, Dumont AS, Fedak PW, Badiwala MW, 
Dhillon B, Weisel RD, Li RK, Mickle DA, Stewart DJ. A self-fulfilling 
prophecy: C-reactive protein attenuates nitric oxide production and 
inhibits angiogenesis. Ciculation. 2002;106:913-919 

30. Cermak J, Key NS, Bach RR, Balla J, Jacob HS, Vercellotti GM. C-
reactive protein induces human peripheral blood monocytes to 
synthesize tissue factor. Blood. 1993;82:513-520 

31. Devaraj S, Xu DY, Jialal I. C-reactive protein increases plasminogen 
activator inhibitor-1 expression and activity in human aortic 
endothelial cells: Implications for the metabolic syndrome and 
atherothrombosis. Ciculation. 2003;107:398-404 

32. Liu C, Wang S, Deb A, Nath KA, Katusic ZS, McConnell JP, Caplice 
NM. Proapoptotic, antimigratory, antiproliferative, and 
antiangiogenic effects of commercial c-reactive protein on various 
human endothelial cell types in vitro: Implications of contaminating 
presence of sodium azide in commercial preparation. Circ Res. 
2005;97:135-143 

33. Taylor KE, Giddings JC, Berg CWvd. C-reactive protein-induced in 
vitro endothelial cell activation is an artefact caused by azide and 
lipopolysaccharide. Arterioscler Thromb Vasc Biol. 2005;25:1225-
1230 

34. Sun H, Koike T, Ichikawa T, Hatakeyama K, Shiomi M, Zhang B, 
Kitajima S, Morimoto M, Watanabe T, Asada Y, Chen YE, Fan J. C-
reactive protein in atherosclerotic lesions: Its origin and 
pathophysiological significance. Am J Pathol. 2005;167:1139-1148 

35. Wilson AM, Swan JD, Ding H, Zhang Y, Whitbourn RJ, Gurry J, Yii 
M, Wilson AC, Hill M, Triggle C, Best JD, Jenkins AJ. Widespread 
vascular production of c-reactive protein (crp) and a relationship 
between serum crp, plaque crp and intimal hypertrophy. 
Atherosclerosis. 2007;191:175-181 

36. Inoue T, Kato T, Uchida T, Sakuma M, Nakajima A, Shibazaki M, 
Imoto Y, Saito M, Hashimoto S, Hikichi Y, Node K. Local release of 
c-reactive protein from vulnerable plaque or coronary arterial wall 
injured by stenting. J Am Coll Cardiol. 2005;46:239-245 

37. Doronzo G, Russo I, Mattiello L, Trovati M, Anfossi G. C-reactive 
protein increases matrix metalloproteinase-2 expression and activity 
in cultured human vascular smooth muscle cells. J Lab Clin Med. 
2005;146:287-298 

38. Montero I, Orbe J, Varo N, Beloqui O, Monreal JI, Rodríguez JA, 
Díez J, Libby P, Páramo JA. C-reactive protein induces matrix 
metalloproteinase-1 and -10 in human endothelial cells: Implications 
for clinical and subclinical atherosclerosis. J Am Coll Cardiol. 
2006;47:1369-1378 

39. Snick J. Interleukin-6: An overview. Annu Rev Immunol. 
1990;8:253-278 



 

 63 

40. Petersen AM, Pedersen PK. The anti-inflammatory effect of exercise. 
J Appl Physiol. 2005;98:1154-1162 

41. Hall G, Steensberg A, Sacchetti M, Fischer C, Keller C, Schjerling P, 
Hiscock N, Møller K, Saltin B, Febbraio MA, Pedersen BK. 
Interleukin-6 stimulates lipolysis and fat oxidation in humans. J Clin 
Endocrinol Metab. 2003;88:3005-3010 

42. Kolb WP, Granger GA. Lymphocyte in vitro cytotoxicity: 
Characterization of human lymphotoxin. Proc Natl Acad Sci U S A. 
1968;61:1250-1255 

43. Wajant H, Pfizenmaier K, Scheurich P. Tumor necrosis factor 
signaling. Cell Death Differ. 2003;10:45-65 

44. Fuster V, Rydén LE, Cannom DS, Crijns HJ, Curtis AB, Ellenbogen 
KA. Acc/aha/esc 2006 guidelines for the management of patients 
with atrial fibrillation: A report of the american college of 
cardiology/american heart association task force on practice 
guidelines and the european society of cardiology committee for 
practice guidelines (writing committee to revise the 2001 guidelines 
for the management of patients with atrial fibrillation): Developed in 
collaboration with the european heart rhythm association and the 
heart rhythm society. Circulation. 2006;114:257-354 

45. Issac TT, Dokainish H, Lakkis NM. Role of inflammation in 
initiation and perpetuation of atrial fibrillation: A systematic review 
of the published data. J Am Coll Cardiol. 2007;50:2021-2028 

46. Freestone B, Lip GY. The endothelium and atrial fibrillation. The 
prothrombotic state revisited. Hamostaseologie. 2008;28:207-212 

47. Marín F, Roldán V, Lip GY. Fibrinolytic function and atrial 
fibrillation. Thromb Res. 2003;109:233-240 

48. Roldán V, Marín F, Blann AD, García A, Marco P, Sogorb F, Lip GY. 
Interleukin-6, endothelial activation and thrombogenesis in chronic 
atrial fibrillation. Eur Heart J. 2003;24:1373-1380 

49. Pretorius M, Donahue BS, Yu C, Greelish JP, Roden DM, Brown NJ. 
Plasminogen activator inhibitor-1 as a predictor of postoperative 
atrial fibrillation after cardiopulmonary bypass. Circulation. 
2007;116:I1-7 

50. Tveit A, Seljeflot I, Grundvold I, Abdelnoor M, Smith P, Arnesen H. 
Levels of pai-1 and outcome after electrical cardioversion for atrial 
fibrillation. Thromb Res. 2008;121:447-453 

51. Faber DR, Groot PG, Visseren FL. Role of adipose tissue in 
haemostasis, coagulation and fibrinolysis. Obes Rev. 2009;10:554-
563 

52. Shantsila E, Watson T, Lip GY. Cardioversion and remodelling in 
atrial fibrillation: Insights beyond the prothrombotic state. Thromb 
Res. 2008;121:443-445 

53. Dawber T, Moore F, Mann G. Coronary heart disease in the 
framingham study. Am J Public Health Nations Health. 1957;47:4-
24 



 

 64 

54. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, 
McQueen M, Budaj A, Pais P, Varigos J, Lisheng L. Effect of 
potentially modifiable risk factors associated with myocardial 
infarction in 52 countries (the interheart study): Case-control study. 
Lancet. 2004;364:937-952 

55. O'Donnell MJ, Xavier D, Liu L, Zhang H, Chin SL, Rao-Melacini P, 
Rangarajan S. Risk factors for ischaemic and intracerebral 
haemorrhagic stroke in 22 countries (the interstroke study): A case-
control study. Lancet. 2010;376:112-123 

56. Beck JD. Risk revisited. Community Dent Oral Epidemiol. 
1998;26:220-225 

57. Hill AB. The environment and disease: Association or causation?" 
Proceedings of the Royal Society of Medicine. 1965;58:295-300 

58. Beer FC, Hind CR, Fox KM, Allan RM, Maseri A, Pepys MB. 
Measurement of serum c-reactive protein concentration in 
myocardial ischaemia and infarction. Br Heart J. 1982;47:239-243 

59. Kuller LH, Tracy RP, Shaten J, Meilahn EN. Relation of c-reactive 
protein and coronary heart disease in the mrfit nested case-control 
study. Multiple risk factor intervention trial. Am J Epidemiol 
1996;144:537-547 

60. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. 
Inflammation, aspirin, and the risk of cardiovascular disease in 
apparently healthy men. N Engl J Med. 1997;336:973-979 

61. Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO, 
Criqui M, Fadl YY, Fortmann SP, Hong Y, Myers GL, Rifai N, Smith 
SC, Taubert K, Tracy RP, Vinicor F. Markers of inflammation and 
cardiovascular disease: Application to clinical and public health 
practice: A statement for healthcare professionals from the centers 
for disease control and prevention and the american heart 
association. Circulation. 2003;107:499-511 

62. Buckley DI, Fu R, Freeman M, Rogers K, Helfand M. C-reactive 
protein as a risk factor for coronary heart disease: A systematic 
review and meta-analyses for the u.S. Preventive services task force. 
Ann Intern Med. 2009;151:783-795 

63. Danesh J, Collins R, Appleby P, Peto R. Association of fibrinogen, c-
reactive protein, albumin, or leukocyte count with coronary heart 
disease: Meta-analyses of prospective studies. JAMA. 
1998;279:1477-1482 

64. Danesh J, Whincup P, Walker M, Lennon L, Thomson A, Appleby P, 
Gallimore JR, Pepys MB. Low grade inflammation and coronary 
heart disease: Prospective study and updated meta-analyses. BMJ. 
2000;321:199-204 

65. Kaptoge S, DiAngelantonio E, Lowe G, Pepys MB, Thompson SG, 
Collins R, Danesh J. C-reactive protein concentration and risk of 
coronary heart disease, stroke, and mortality: An individual 
participant meta-analysis. 2010 



 

 65 

66. Kuo HK, Yen CJ, Chang CH, Kuo CK, Chen JH, Sorond F. Relation 
of c-reactive protein to stroke, cognitive disorders, and depression in 
the general population: Systematic review and meta-analysis. Lancet 
Neurol. 2005;4:371-380 

67. Cesari M, Penninx BW, Newman AB, Kritchevsky SB, Nicklas BJ, 
Sutton-Tyrrell K, Rubin SM, Ding J, Simonsick EM, Harris TB, 
Pahor M. Inflammatory markers and onset of cardiovascular events: 
Results from the health abc study. Circulation. 2003;108:2317-2322 

68. Tuomisto K, Jousilahti P, Sundvall J, Pajunen P, Salomaa V. C-
reactive protein, interleukin-6 and tumor necrosis factor alpha as 
predictors of incident coronary and cardiovascular events and total 
mortality. A population-based, prospective study. Thromb Haemost. 
2006;95:511-518 

69. Luc G, Bard JM, Juhan-Vague I, Ferrieres J, Evans A, Amouyel P, 
Arveiler D, Fruchart JC, Ducimetiere P. C-reactive protein, 
interleukin-6, and fibrinogen as predictors of coronary heart disease: 
The prime study. Arterioscler Thromb Vasc Biol. 2003;23:1255-1261 

70. Zakynthinos E, Pappa N. Inflammatory biomarkers in coronary 
artery disease. J Cardiol. 2009;53:317-333 

71. Kirilmaz B, Asgun F, Alioglu E, Ercan E, Tengiz I, Turk U, Saygi S, 
Ozerkan F. High inflammatory activity related to the number of 
metabolic syndrome components. J Clin Hypertens 2010;12:136-144 

72. Didelez V, Sheehan N. Mendelian randomization as an instrumental 
variable approach to causal inference. Stat Methods Med Res. 
2007;16:309-330 

73. Smith GD, Ebrahim S. 'mendelian randomization': Can genetic 
epidemiology contribute to understanding environmental 
determinants of disease? Int J Epidemiol. 2003;32:1-22 

74. Elliott P, Chambers JC, Zhang W, Clarke R, Hopewell JC, Peden JF, 
Erdmann J, Braund P, Engert JC, Bennett D, Coin L, Ashby D, 
Tzoulaki I, Brown IJ, Mt-Isa S, McCarthy MI, Peltonen L, Freimer 
NB, Farrall M, Ruokonen A, Hamsten A, Lim N, Froguel P, 
Waterworth DM, Vollenweider P, Waeber G, Jarvelin MR, Mooser V, 
Scott S, Hall AS, Schunkert H, Anand SS, Collins R, Samani NJ, 
Watkins H, Kooner JS. Genetic loci associated with c-reactive 
protein levels and risk of coronary heart disease. JAMA. 
2009;302:37-48 

75. Zacho J, Tybjaerg-Hansen A, Jensen JS, Grande P, Sillesen H, 
Nordestgaard BG. Genetically elevated c-reactive protein and 
ischemic vascular disease. N Engl J Med. 2008;359:1897-1908 

76. Nitsch D, Molokhia M, Smeeth L, DeStavola BL, Whittaker JC, Leon 
DA. Limits to causal inference based on mendelian randomization: A 
comparison with randomized controlled trials. Am J Epidemiol. 
2006;163:397-403 



 

 66 

77. Schunkert H, Samani NJ. Elevated c-reactive protein in 
atherosclerosis — chicken or egg? . N Engl J Med. 2008;359:1953-
1955 

78. Paffenbarger RSJ, Hyde RT, Wing AL, Lee IM, Jung DL, Kampert 
JB. The association of changes in physical-activity level and other 
lifestyle characteristics with mortality among men. N Engl J Med. 
1993;328:538-545 

79. Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard C, 
Buchner D, Ettinger W, Heath GW, King AC. Physical activity and 
public health. A recommendation from the centers for disease 
control and prevention and the american college of sports medicine. 
JAMA. 1995;273:402-407 

80. Autenrieth C, Schneider A, Döring A, Meisinger C, Herder C, Koenig 
W, Huber G, Thorand B. Association between different domains of 
physical activity and markers of inflammation. Med Sci Sports 
Exerc. 2009;41:1706-1713 

81. Ford ES. Does exercise reduce inflammation? Physical activity and c-
reactive protein among us adults. Epidemiology. 2002;13:561-568 

82. Kasapis C, Thompson PD. The effects of physical activity on serum c-
reactive protein and inflammatory markers: A systematic review. J 
Am Coll Cardiol. 2005;45(10):1563-1569 

83. Kullo IJ, Khaleghi M, Hensrud DD. Markers of inflammation are 
inversely associated with vo2 max in asymptomatic men. J Appl 
Physiol. 2007;102:1374-1379 

84. Lakka TA, Lakka HM, Rankinen T, Leon AS, Rao DC, Skinner JS, 
Wilmore JH, Bouchard. C. Effect of exercise training on plasma 
levels of c-reactive protein in healthy adults: The heritage family 
study. European Heart Journal. 2005;26:2018-2025 

85. Fischer CP, Berntsen A, Perstrup LB, Eskildsen P, Pedersen BK. 
Plasma levels of interleukin-6 and c-reactive protein are associated 
with physical inactivity independent of obesity. Scand J Med Sci 
Sports. 2007;17:580-587 

86. Fallon KE. The acute phase response and exercise: The 
ultramarathon as prototype exercise. Clin J Sport Med. 2001;11:38-
43 

87. Siegel AJ, Stec JJ, Lipinska I, VanCott EM, Lewandrowski KB, 
Ridker PM, Tofler GH. Effect of marathon running on inflammatory 
and hemostatic markers. Am J Cardiol. 2001;88:918-920 

88. Mattusch F, Dufaux B, Heine O, Mertens I, Rost R. Reduction of the 
plasma concentration of c-reactive protein following nine months of 
endurance training. Int J Sports Med. 2000;21:21-24 

89. Okita K, Nishijima H, Murakami T, Nagai T, Morita N, Yonezawa K, 
Iizuka K, Kawaguchi H, Kitabatake A. Can exercise training with 
weight loss lower serum c-reactive protein levels? Arterioscler 
Thromb Vasc Biol. 2004;24:1868-1873 



 

 67 

90. Heilbronn LK, Clifton PM. C-reactive protein and coronary artery 
disease: Influence of obesity, caloric restriction and weight loss. J 
Nutr Biochem. 2002;13:316-321 

91. McLaughlin T, Abbasi F, Lamendola C, Liang L, Reaven G, Schaaf P, 
Reaven P. Differentiation between obesity and insulin resistance in 
the association with c-reactive protein. Ciculation. 2002;106:2908-
2912 

92. Sites CK, Toth MJ, Cushman M, L'Hommedieu GD, Tchernof A, 
Tracy RP, Poehlman ET. Menopause-related differences in 
inflammation markers and their relationship to body fat distribution 
and insulin-stimulated glucose disposal. Fertil Steril. 2002;77:128-
135 

93. Selvin E, Paynter NP, Erlinger TP. The effect of weight loss on c-
reactive protein: A systematic review. Arch Intern Med. 
2007;167:31-39 

94. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of 
diabetes mellitus and its complications. Part 1: Diagnosis and 
classification of diabetes mellitus provisional report of a who 
consultation. Diabet Med. 1998;15:539-553 

95. Eckel RH, Alberti KG, Grundy SM, Zimmet PZ. The metabolic 
syndrome. Lancet. 2010;375:181-183 

96. Ridker PM, Buring JE, Cook NR, Rifai N. C-reactive protein, the 
metabolic syndrome, and risk of incident cardiovascular events: An 
8-year follow-up of 14 719 initially healthy american women. 
Ciculation. 2003;107:391-397 

97. Ford ES. The metabolic syndrome and c-reactive protein, fibrinogen, 
and leukocyte count: Findings from the third national health and 
nutrition examination survey. Atherosclerosis. 2003;168:351-358 

98. Hak AE, Stehouwer CD, Bots ML, Polderman KH, Schalkwijk CG, 
Westendorp IC, Hofman A, Witteman JC. Associations of c-reactive 
protein with measures of obesity, insulin resistance, and subclinical 
atherosclerosis in healthy, middle-aged women. Arterioscler 
Thromb Vasc Biol. 1999;19:1986-1997 

99. Santos AC, Lopes C, Guimarães JT, Barros H. Central obesity as a 
major determinant of increased high-sensitivity c-reactive protein in 
metabolic syndrome. Int J Obes. 2005;29:1452-1456 

100. Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW. C-reactive 
protein in healthy subjects: Associations with obesity, insulin 
resistance, and endothelial dysfunction: A potential role for 
cytokines originating from adipose tissue? Arterioscler Thromb 
Vasc Biol. 1999;19:972-978 

101. Ford ES, Ajani UA, Mokdad AH. The metabolic syndrome and 
concentrations of c-reactive protein among u.S. Youth. Diabetes 
Care. 2005;28:878-881 

102. Duncan BB, Schmidt MI, Pankow JS, Ballantyne CM, Couper D, 
Vigo A, Hoogeveen R, Folsom AR, Heiss G. Low-grade systemic 



 

 68 

inflammation and the development of type 2 diabetes: The 
atherosclerosis risk in communities study. Diabetes. 2003;52:1799-
1805 

103. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive 
protein, interleukin 6, and risk of developing type 2 diabetes 
mellitus. JAMA. 2001;286:327-334 

104. Spranger J, Kroke A, Möhlig M, Hoffmann K, Bergmann MM, 
Ristow M, Boeing H, Pfeiffer AF. Inflammatory cytokines and the 
risk to develop type 2 diabetes: Results of the prospective 
population-based european prospective investigation into cancer 
and nutrition (epic)-potsdam study. Diabetes. 2003;52:812-817 

105. Medved L, Nieuwenhuizen W. Molecular mechanisms of initiation of 
fibrinolysis by fibrin. Thromb Haemost. 2003;89:409-419 

106. Veer C, Hackeng TM, Delahaye C, Sixma JJ, Bouma BN. Activated 
factor x and thrombin formation triggered by tissue factor on 
endothelial cell matrix in a flow model: Effect of the tissue factor 
pathway inhibitor. Blood. 1994;84:1132-1142 

107. Castellino FJ, Ploplis VA. The protein c pathway and pathologic 
processes. J Thromb Haemost. 2009;7:140-145 

108. Collen D, Lijnen HR. Basic and clinical aspects of fibrinolysis and 
thrombolysis. Blood. 1991;78:3114-3124 

109. Festa A, D'Agostino R, Howard G, Mykkänen L, Tracy RP, Haffner 
M. Chronic subclinical inflammation as part of the insulin resistance 
syndrome: The insulin resistance atherosclerosis study (iras). 
Circulation. 2000;102:42-47 

110. Levi M, Cate H. Disseminated intravascular coagulation. N Engl J 
Med. 1999;341:586-592 

111. Levi M, Poll T, Cate H, Deventer SJ. The cytokine-mediated 
imbalance between coagulant and anticoagulant mechanisms in 
sepsis and endotoxaemia. Eur J Clin Invest. 1997;27:3-9 

112. Weiler H. Regulation of inflammation by the protein c system. Crit 
Care Med. 2010;38:18-25 

113. Esmon CT. Does inflammation contribute to thrombotic events? 
Haemostasis. 2000;30:34-40 

114. Sawdey MS, Loskutoff DJ. Regulation of murine type 1 plasminogen 
activator inhibitor gene expression in vivo. Tissue specificity and 
induction by lipopolysaccharide, tumor necrosis factor-alpha, and 
transforming growth factor-beta. J Clin Invest. 1991;88:1346-1353 

115. Simpson AJ, Booth NA, Moore NR, Bennett B. Distribution of 
plasminogen activator inhibitor (pai-1) in tissues. J Clin Pahol. 
1991;44:139-143 

116. Moore KL, Esmon CT, Esmon NL. Tumor necrosis factor leads to the 
internalization and degradation of thrombomodulin from the 
surface of bovine aortic endothelial cells in culture. Blood. 
1989;73:159-165 



 

 69 

117. Loskutoff DJ, Samad F. The adipocyte and hemostatic balance in 
obesity: Studies of pai-1. Arterioscler Thromb Vasc Biol. 1998;18:1-6 

118. Johnson K, Choi Y, DeGroot E, Samuels I, Creasey A, Aarden L. 
Potential mechanisms for a proinflammatory vascular cytokine 
response to coagulation activation. J Immunol. 1998;160:5130-5135 

119. Zhu J, Quyyumi AA, Norman JE, Csako G, Waclawiw MA, Shearer 
GM, Epstein SE. Effects of total pathogen burden on coronary artery 
disease risk and c-reactive protein levels. Am J Cardiol. 
2000;85:140-146 

120. Greenfield JR, Campbell LV. Relationship between inflammation, 
insulin resistance and type 2 diabetes: 'cause or effect'? Curr 
Diabetes Rev. 2006;2:195-211 

121. Livsmedelsverket. Livsmedelsverkets menybok. Stockholm: 
Elanders Gotab; 2004. 

122. Tunstall-Pedoe H. The world health organization monica project 
(monitoring trends and determinants in cardiovascular disease): A 
major international collaboration. Who monica project principal 
investigators. J Clin Epidemiol. 1988;41:105-114 

123. Stegmayr B, Lundberg V, Asplund K. The events registration and 
survey procedures in the northern sweden monica project. Scand J 
Public Health Suppl. 2003;61:9-17 

124. Norberg M, Wall S, Boman K, Weinehall L. The västerbotten 
intervention programme: Background, design and implications. 
Glob Health Action. 2010 

125. Stegmayr B, Asplund K. Measuring stroke in the population: Quality 
of routine statistics in comparison with a population-based stroke 
registry. Neuroepidemiology. 1992;11:204-213 

126. Tunstall-Pedoe H. The world health organization monica project 
(monitoring trends and determinants in cardiovascular disease): A 
major international collaboration: Who monica project principal 
investigators. J Clin Epidemiol. 1988;41:105-114 

127. Stegmayr B, Asplund K, Wester P. Trends in incidence, case-fatality 
rate, and severity of stroke in northern sweden, 1985–1991. Stroke. 
1994;25:1738-1745 

128. Adams H, Bendixen B, Kappelle L, Biller J, Love B, Gordon D, Marsh 
E. Classification of subtype of acute ischemic stroke. Definitions for 
use in a multicenter clinical trial. Toast. Trial of org 10172 in acute 
stroke treatment. Stroke. 1993;24:35-41 

129. Goldstein L, Jones M, Matchar D, Edwards L, Hoff J, Chilukuri V, 
Armstrong S, Horner R. Improving the reliability of stroke subgroup 
classification using the trial of org 10172 in acute stroke treatment 
(toast) criteria. Stroke. 2001;32:1091-1098 

130. Booth NA, Walker E, Maughan R, Bennett B. Plasminogen activator 
in normal subjects after exercise and venous occlusion: T-pa 
circulates as complexes with c1-inhibitor and pai-1. Blood. 
1987;69:1600-1604 



 

 70 

131. Weinehall L, Hallgren CG, Westman G, Janlert U, Wall S. Reduction 
of selection bias in primary prevention of cardiovascular disease 
through involvement of primary health care. Scand J Prim Health 
Care. 1998;16:171-176 

132. Almroth H, Höglund N, Boman K, Englund A, Jensen S, Kjellman B, 
Tornvall P, Rosenqvist M. Atorvastatin and persistent atrial 
fibrillation following cardioversion: A randomized placebo-
controlled multicentre study. Eur Heart J. 2009;39:827-833 

133. Mora S, Cook N, Buring JE, Ridker PM, Lee IM. Physical activity and 
reduced risk of cardiovascular events: Potential mediating 
mechanisms. Ciculation. 2007;116:2110-2118 

134. Meyer T, Gabriel HH, Rätz M, Müller HJ, Kindermann W. Anaerobic 
exercise induces moderate acute phase response. Med Sci Sports 
Exerc. 2001;33:549-555 

135. Pedersen BK, Fischer CP. Physiological roles of muscle-derived 
interleukin-6 in response to exercise. Curr Opin Clin Nutr Metab 
Care. 2007;10:265-274 

136. Bastard JP, Maachi M, Nhieu JTV, Jardel C, Bruckert E, Grimaldi A, 
Robert JJ, Capeau J, Hainque B. Adipose tissue il-6 content 
correlates with resistance to insulin activation of glucose uptake 
both in vivo and in vitro. J Clin Endocrinol Metab. 2002;87:2084-
2089 

137. Fischer CP. Interleukin-6 in acute exercise and training: What is the 
biological relevance? Exerc Immunol Rev 2006;12:6-33 

138. Jolliffe JA, Rees K, Taylor RS, Thompson D, Oldridge N, Ebrahim S. 
Exercise-based rehabilitation for coronary heart disease. Cochrane 
Database Syst Rev 2001;1 

139. Taylor TS, Brown A, Ebrahim S, Jolliffe J, Noorani H, Rees K, 
Skidmore B, Stone JA, Thompson DR, Oldridge N. Exercise-based 
rehabilitation for patients with coronary heart disease: Systematic 
review and meta-analysis of randomized controlled trials. 2004 

140. Williams MA, Ades PA, Hamm LF, Keteyian SJ, LaFontaine TP, 
Roitman JL, Squires RW. Clinical evidence for a health benefit from 
cardiac rehabilitation: An update. Am Heart J. 2006;152:835-841 

141. Herder C, Peltonen M, Koenig K, Kräft I, Müller-Scholze S, Martin S, 
Lakka T, Ilanne-Parikka P, Eriksson JG, Hämäläinen H, Keinänen-
Kiukaanniemi S, Valle TT, Uusitupa M, Lindström J, Kolb H, 
J.Tuomilehto. Systemic immune mediators and lifestyle changes in 
the prevention of type 2 diabetes: Results from the finnish diabetes 
prevention study. Diabetes. 2006;55:2340-2346 

142. Lindahl B, Nilssön TK, Borch-Johnsen K, Røder ME, Söderberg S, 
Widman L, Johnson O, Hallmans G, Jansson JH. A randomized 
lifestyle intervention with 5-year follow-up in subjects with impaired 
glucose tolerance: Pronounced short-term impact but long-term 
adherence problems. Scand J Public Health. 2009;37:434-442 



 

 71 

143. Tchernof A, Nolan A, Sites CK, Ades PA, Poehlman ET. Weight loss 
reduces c-reactive protein levels in obese postmenopausal women. 
Ciculation. 2002;105:564-569 

144. Dietrich T, Garcia RI, Pablo Pd, Schulze PC, Hoffmann K. The effects 
of cigarette smoking on c-reactive protein concentrations in men and 
women and its modification by exogenous oral hormones in women. 
Eur J Cardiovasc Prev Rehabil. 2007;14:694-700 

145. Imhof A, Froehlich M, Brenner H, Boeing H, Pepys MB, Koenig K. 
Effect of alcohol consumption on systemic markers of inflammation 
Lancet. 2001;357:763-767 

146. Ballantyne C, Hoogeveen R, Bang H, Coresh J, Folsom A, Chambless 
L, Myerson M, Wu K, Sharrett A, Boerwinkle E. Lipoprotein-
associated phospholipase a2, high-sensitivity c-reactive protein, and 
risk for incident ischemic stroke in middle-aged men and women in 
the atherosclerosis risk in communities (aric) study. Arch Intern 
Med. 2005;165:2479-2484 

147. Cao J, Thach C, Manolio T, Psaty B, Kuller L, Chaves P, Polak J, 
Sutton-Tyrrell K, Herrington D, Price T, Cushman M. C-reactive 
protein, carotid intima-media thickness, and incidence of ischemic 
stroke in the elderly: The cardiovascular health study. Circulation. 
2003;108:166-170 

148. Curb J, Abbott R, Rodriguez B, Sakkinen P, Popper J, Yano K, Tracy 
R. C-reactive protein and the future risk of thromboembolic stroke 
in healthy men. Circulation. 2003;107:2016-2020 

149. Exel Ev, Gussekloo J, Craen Ad, Wiel AB-vd, Frolich M, Westendorp 
R. Inflammation and stroke: The leiden 85-plus study . Stroke. 
2002;33:1135-1138 

150. Ford E, Giles W. Serum c-reactive protein and self-reported stroke: 
Findings from the third national health and nutrition examination 
survey. Arterioscler Thromb Vasc Biol. 2000;20:1052-1056 

151. Rost N, Wolf P, Kase C, Kelly-Hayes M, Silbershatz H, Massaro J, 
D'Agostino R, Franzblau C, Wilson P. Plasma concentration of c-
reactive protein and risk of ischemic stroke and transient ischemic 
attack: The framingham study. Stroke. 2001;32:2575-2579 

152. vanDijk E, Prins N, SE.Vermeer, HA.Vrooman, A.Hofman, 
Koudstaal P, Breteler M. C-reactive protein and cerebral small-vessel 
disease: The rotterdam scan study. Stroke. 2005;112:781-785 

153. Woodward M, Lowe G, Campbell D, Colman S, Rumley A, Chalmers 
J, Neal B, Patel A, Jenkins A, Kemp B, MacMahon S. Associations of 
inflammatory and hemostatic variables with the risk of recurrent 
stroke. Stroke. 2005;36:2143-2147 

154. Wakugawa Y, Kiyohara Y, Tanizaki Y, Kubo M, Ninomiya T, Hata J, 
Doi Y, Okubo K, Oishi Y, Shikata K, Yonemoto K, Maebuchi D, 
Ibayashi S, Iida M. C-reactive protein and risk of first-ever ischemic 
and hemorrhagic stroke in a general japanese population: The 
hisayama study. Stroke. 2006;37:27-32 



 

 72 

155. Badjatia N, Rosand J. Intracerebral hemorrhage. Neurologist. 
2005;11:311-324 

156. Ladenvall C, Jood K, Blomstrand C, Nilsson S, Jern C, Ladenvall P. 
Serum c-reactive protein concentration and genotype in relation to 
ischemic stroke subtype. Stroke. 2006;37:2018-2023 

157. Miller DT, Zee RY, Danik JS, Kozlowski P, Chasman DI, Lazarus R, 
Cook NR, Ridker PM, Kwiatkowski DJ. Association of common crp 
gene variants with crp levels and cardiovascular events. Ann Hum 
Genet. 2005;69:623-638 

158. Boos CJ, Anderson RA, Lip GY. Is atrial fibrillation an inflammatory 
disorder? Eur Heart J. 2006;29:136-149 

159. Bruins P, Velthuis H, Yazdanbakhsh AP, Jansen PG, Hardevelt FW, 
Beaumont EM, Wildevuur CR, Eijsman L, Trouwborst A, Hack CE. 
Activation of the complement system during and after 
cardiopulmonary bypass surgery: Postsurgery activation involves c-
reactive protein and is associated with postoperative arrhythmia. 
Circulation. 1997;96:3542-3548 

160. Engelmann MD, Svendsen JH. Inflammation in the genesis and 
perpetuation of atrial fibrillation. Eur Heart J. 2005;26:2083-2092 

161. Frustaci A, Chimenti C, Bellocci F, Morgante E, Russo MA, Maseri A. 
Histological substrate of atrial biopsies in patients with lone atrial 
fibrillation. Circulation. 1997;96:1180-1184 

162. Lombardi F, Tundo F, Belletti S, Mantero A, MelziD'eril GV. C-
reactive protein but not atrial dysfunction predicts recurrences of 
atrial fibrillation after cardioversion in patients with preserved left 
ventricular function. J Cardiovasc Med. 2008;9:581-588 

163. Loricchio ML, Cianfrocca C, Pasceri V, Bianconi L, Auriti A, Calo L, 
Lamberti F, Castro A, Pandozi C, Palamara A, Santini M. Relation of 
c-reactive protein to long-term risk of recurrence of atrial fibrillation 
after electrical cardioversion. Am J Cardiol. 2007;99:1421-1424 

164. Watanabe E, Arakawa T, Uchiyama T, Kodama I, Hishida H. High-
sensitivity c-reactive protein is predictive of successful cardioversion 
for atrial fibrillation and maintenance of sinus rhythm after 
conversion. Int J Cardiol. 2006;108:346-353 

165. Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM, Kastelein 
JJ, Koenig W, Libby P, Lorenzatti AJ, MacFadyen JG, Nordestgaard 
BG, Shepherd J, Willerson JT, Glynn RJ. Rosuvastatin to prevent 
vascular events in men and women with elevated c-reactive protein. 
N Engl J Med. 2008;359:2195-2207 

166. Helfand M, Buckley DI, Freeman M, Fu R, Rogers K, Fleming C, 
Humphrey LL. Emerging risk factors for coronary heart disease: A 
summary of systematic reviews conducted for the u.S. Preventive 
services task force. Ann Intern Med. 2009;151:496-507 

167. Torzewski J. C-reactive protein and atherogenesis: New insights 
from established animal models. Am J Pathol. 2005;167:923-925 


	Kappa sid 1-3 (hö-vä-hö)_S5
	Kappa del 2 börjar på högersida_S5
	Regflik.1
	Paper Is5
	Regflik.2
	Paper IIs5
	Regflik.3
	Paper IIIs5
	Regflik.4
	Paper IVs5


 
 
    
   HistoryItem_V1
   InsertBlanks
        
     Where: after current page
     Number of pages: 1
     same as current
      

        
     1
     1
     1
     341
     284
    
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0c
     Quite Imposing Plus 2
     1
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   InsertBlanks
        
     Where: after current page
     Number of pages: 1
     same as current
      

        
     1
     1
     1
     341
     284
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0c
     Quite Imposing Plus 2
     1
      

   1
  

    
   HistoryItem_V1
   InsertBlanks
        
     Where: before current page
     Number of pages: 1
     same as current
      

        
     1
     1
            
       D:20100222132041
       907.0866
       SRA3
       Blank
       1275.5906
          

     1
     Wide
     426
     401
            
       CurrentAVDoc
          

     SameAsCur
     BeforeCur
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1c
     Quite Imposing Plus 2
     1
      

   1
  

    
   HistoryItem_V1
   InsertBlanks
        
     Where: before current page
     Number of pages: 1
     same as current
      

        
     1
     1
            
       D:20100222132041
       907.0866
       SRA3
       Blank
       1275.5906
          

     1
     Wide
     426
     401
            
       CurrentAVDoc
          

     SameAsCur
     BeforeCur
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1c
     Quite Imposing Plus 2
     1
      

   1
  

    
   HistoryItem_V1
   InsertBlanks
        
     Where: before current page
     Number of pages: 1
     same as current
      

        
     1
     1
            
       D:20100222132041
       907.0866
       SRA3
       Blank
       1275.5906
          

     1
     Wide
     426
     401
    
            
       CurrentAVDoc
          

     SameAsCur
     BeforeCur
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1c
     Quite Imposing Plus 2
     1
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   InsertBlanks
        
     Where: after current page
     Number of pages: 1
     same as current
      

        
     1
     1
     1
     341
     284
    
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0c
     Quite Imposing Plus 2
     1
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   InsertBlanks
        
     Where: after current page
     Number of pages: 1
     same as current
      

        
     1
     1
     1
     341
     284
    
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0c
     Quite Imposing Plus 2
     1
      

   1
  

 HistoryList_V1
 qi2base





