




 

 
 
 
 
 
 
I dedicate this work to: 

my soulmate, Gunni, 
the lights of my life, Óli Már, Gerða María and 
“bumbubúi” 
and my parents. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

If I have seen further it is only  
by standing on the shoulders of giants. 

 
Isaac Newton 

  



 

 



 

List of Papers 

This thesis is based on the following papers, which are referred to in the text 
by their Roman numerals. 

 
I Ólafsdóttir, I.S., Gíslason, T., Thjodleifsson, B., Ólafsson, Í., 

Gíslason, D., Jõgi, R., Janson, C. (2005) C reactive protein le-
vels are increased in non-allergic but not allergic asthma: a mul-
ticenter epidemiological study. Thorax, 60(6):451-454 

II Ólafsdóttir, I.S., Gíslason, T., Thjodleifsson. B., Ólafsson, Í., 
Gíslason, D., Jõgi, R., Janson, C. (2007) Gender differences in 
the association between C-reactive protein, lung function im-
pairment and COPD. Int J COPD, 2(4):635-642 

III Ólafsdóttir, I.S., Janson, C. Lind, L., Hulthe, J., Gunnbjörnsdót-
tir, M., Sundström, J. (2010) Serum levels of matrix metallopro-
teinase-9, tissue inhibitors of metalloproteinase-1 and their ratio 
are associated with impaired lung function in the elderly: A 
population-based study. Respirology, 15(3):530-535 

IV Ólafsdóttir, I.S., Gíslason, T. Guðnason, V., Benediktsdóttir, B., 
Ólafsson, Í., Aspelund, T., Thjódleifsson, B., Janson, C. (sub-
mitted) Gender difference in the association of CRP and lung 
function decline: a longitudinal population-based study.  

Reprints were made with permission from the respective publishers. 



 

  



 

Contents 

Introduction ................................................................................................... 11 
Inflammation ............................................................................................ 11 

The inflammatory response in asthma ................................................. 12 
The inflammatory response in COPD .................................................. 12 
Biomarkers for obstructive lung diseases ............................................ 14 
Local inflammation in obstructive diseases ......................................... 14 
Systemic inflammation ........................................................................ 16 

Acute-phase response ...................................................................... 16 
Bone marrow response .................................................................... 17 
Circulating mediators ...................................................................... 17 

Markers of systemic inflammation used in the current thesis: ............ 18 
C-reactive protein ............................................................................ 18 
MMP-9, TIMP-1 and MMP-9/TIMP-1 ratio .................................. 19 

Origin of inflammation in lung diseases .............................................. 21 
Smoking .......................................................................................... 21 
“Spill-over” theory .......................................................................... 22 
Role of the adipose tissue ................................................................ 23 
Role of the muscle tissue ................................................................ 24 

Lung function ........................................................................................... 25 
Lung function variables ....................................................................... 25 

FEV1 ................................................................................................ 25 
FVC ................................................................................................. 25 
FEV1/FVC ....................................................................................... 26 

Lung function and systemic inflammation .......................................... 26 
Gender Differences .................................................................................. 27 

Biological differences .......................................................................... 27 
Immunological differences .................................................................. 28 
Hormonal differences .......................................................................... 29 
Environmental and socio-cultural differences ..................................... 29 
Fat distributional differences ............................................................... 30 

Aim of the thesis ........................................................................................... 32 

Ethics ............................................................................................................ 33 
  



 

Study population and methods ...................................................................... 34 
Data collection and analysis ..................................................................... 34 

Paper I and II ....................................................................................... 34 
Paper III ............................................................................................... 35 
Paper IV ............................................................................................... 35 

Statistical analysis ......................................................................................... 36 

Results ........................................................................................................... 37 
Paper I ...................................................................................................... 37 
Paper II ..................................................................................................... 37 
Paper III .................................................................................................... 38 
Paper IV ................................................................................................... 38 
Summarized gender differences in papers I-IV ........................................ 39 

General discussion ........................................................................................ 40 
CRP and respiratory symptoms ................................................................ 40 
Asthma inflammatory phenotypes ............................................................ 40 
CRP and BMI ........................................................................................... 41 
CRP and gender differences ..................................................................... 41 

Hormonal differences .......................................................................... 42 
Adipose tissue differences ................................................................... 42 
Age related differences ........................................................................ 44 
Role of smoking ................................................................................... 44 

CRP and lung function ............................................................................. 44 
Strengths and limitations .......................................................................... 47 
Future perspectives ................................................................................... 47 

Conclusions ................................................................................................... 48 

Populärvetenskaplig sammanfattning ........................................................... 49 

Acknowledgements ....................................................................................... 52 

References ..................................................................................................... 55 
  



 

Abbreviations 

AMP Adenosine monophosphate 
ATS American Thoracic Society 
BAL Bronchio-alveolar lavage 
BOLD Burden of obstructive lung disease 
BMI Body mass index 
COPD Chronic obstructive pulmonary disease 
CRP C-reactive protein 
CVD Cardiovascular disease 
E2 Estradiol 
ECRHS European Community Respiratory Health Survey 
ECP Eosinophilic cationic protein 
FeNO Exhaled Nitric Oxide 
FEV % pred FEV1 presented as percent of predicted 
FEV1 Forced expiratory volume in 1 sec. 
FEV1 decline FEV1 decline per year in mL 
FVC Forced vital capacity 
GOLD Global initiative for chronic obstructive lung disease 
HRT Hormone replacement therapy 
IgE Immunoglobulin E 
IL-6 Interleukin-6 
IL-8 Interleukin-8 
LLN Lower limit of normality 
LTB4 Leukotriene-B4 
Matrix markers MMP-9, TIMP-1, MMP-9/TIMP-1 ratio 
MMP-9 Matrix metalloproteinase-9 
MPO Myeloperoxidase 
PEF Peak Expiratory volume 
PIVUS Prospective Investigation of the Vasculature in Uppsala

Seniors 
RSV Respiratory syncytial virus 
TIMP-1 Tissue inhibitors of metalloproteinase-1 
TNF-  Tumor necrosis factor  
95% CI 95% Confidence interval 
 
  



 

  



 11

Introduction 

Inflammation 
The inflammatory response is classified as local or systemic. In systemic 
inflammation, the inflammation spreads and affects other systems than the 
organ of origin. Inflammation can be evaluated by cytological or biochemi-
cal variables and different markers are associated with either type of in-
flammation (Table 1). The interest in potential “inflammatory” markers in 
obstructive lung diseases has produced many papers but no single marker 
has been established to be better than all others [1]. 
 
Table 1. Determinants of obstructive lung diseases 
Functional variables  
Demographics Age, gender, height, weight, pack-years, disease 

years 
Lung function  
measurements 

PEF, FEV1 (mL and % predicted), FVC (mL and 
% predicted), FEV1/FVC ratio 

Clinical variables Arterial oxygen tension, arterial carbon dioxide 
tension, 2-agonist reversibility, methacholine, 
histamine or AMP challenge, BMI, baseline 
dyspnea index, 6 minute walking distance, St 
George´s respiratory questionnaire 

Cytological variables  
Local  
(Sputum, BAL, Biopsy)

Neutrophils, macrophages, eosinophils, CD4+ 
and CD8+ T-cells,  

Systemic  
(Plasma or Serum)

Neutrophils, macrophages, eosinophils, CD4+ 
and CD8+ T-cells 

Biochemical variables  
Local  
(Sputum, BAL, Biopsy)

CRP, ECP, fibrinogen, IL-6, IL-8, MPO, TNF-  

Systemic  
(Plasma or Serum)

CRP, fibrinogen, IL-6, IL-8, leukocytes, TNF-  

Exhaled breath FeNO, Carbon monoxide 
Table adapted from [1, 2] 

Inflammation is incorporated into the definition of both chronic obstructive 
pulmonary disease (COPD) and asthma [3, 4], but the inflammatory re-
sponse differs somewhat [5, 6]. Both diseases have a chronic local inflam-
mation, with airway remodeling but its localization, the inflammatory cells 
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involved, mediator profiles and the therapeutic response are very different 
(Figure 1). 

The inflammatory response in asthma 
Asthma was classically considered an allergic disease with an eosinophilic 
inflammatory picture but in the last decade another phenotype of asthma has 
been defined, non-allergic asthma. This is a non-esoinophilic form of asth-
ma. It is now evident that up to 50% of patients with asthma have this phe-
notype [7]. This group of asthma patients is characterized by neutrophilic 
inflammation and they often experience more severe asthma that is not as 
steroid sensitive as allergic asthma [7]. In bronchial biopsies of non-allergic 
asthma patients, eosinophils are scarce compared to allergic asthma, whereas 
neutrophils are prominent [8]. Interleukin-8 (IL-8) seems to be the mediator 
of neutrophil influx as their levels are increased in sputum of non-allergic 
asthma and correlate to numbers of neutrophils in the sputum [9] (Figure 2). 
Furthermore, allergic and non-allergic patients, differ regarding responsive-
ness to cold air, adenosine monophosphate (AMP), levels of nitrogen oxide 
in expired air (FeNO), and the level of eosinophilic inflammation in the air-
ways [8, 10, 11]. 

The inflammatory response in COPD 
In COPD the neutrophilic inflammatory response dominates (Figure 1) and 
an inverse correlation is found between forced expiratory volume in one 
second (FEV1) and circulating neutrophils [6, 12]. The neutrophils are in-
creased in both sputum and bronchio-alveolar lavage (BAL) [13] but circu-
lating neutrophils are not increased [6]. The neutrophils have an increased 
production of pro-inflammatory markers and adhesion molecules [14]. Mo-
nocytes from COPD patients also have increased activity as these release 
more matrix metalloproteinase-9 (MMP-9) but less IL-8 than control sub-
jects [15]. 

Smoking is the main trigger for COPD and stimulates the inflammatory re-
sponse. Smoking affects the CD4+ and CD8+ T-cells, by increasing the 
CD8+ numbers and reducing the CD4/CD8 ratio. This may be reversible 
after smoking cessation but not entirely as non-smokers with COPD had 
higher CD8+ T-cells count than controls, and lower CD4:CD8 ratio corre-
lated with lower FEV1 values [16, 17]. Furthermore smoking is associated 
with increased inflammatory markers such as CRP, which also remain higher 
in ex-smokers than never smokers [18, 19].  



 13

 
 
Figure 1. The different inflammatory mediators present in asthma and COPD. 
Adapted from [2, 6] 

 
Figure 2. The difference between allergic and non-allergic asthma. 
Adapted from [7] 
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Biomarkers for obstructive lung diseases 

The search for a candidate biomarker is an ongoing quest for both asthma 
and COPD. The difference in the natural history and clinical outcome of 
interest, explains why the choice of biomarkers for evaluating the inflamma-
tion varies considerably. 

In asthma induced sputum eosinophils [20] and exhaled nitric oxide  [21, 22] 
are the most widely used biomarkers, whereas in COPD the most common 
candidates are C-reactive protein (CRP) [23, 24], fibrinogen [25], Interleu-
kin-6 (IL-6) and other cytokines [26]. Most of the studies finding an associa-
tion between these markers and COPD have been cross-sectional and have 
therefore provided only evidence of an association. Several longitudinal 
investigations, with follow-up interval ranging from three to 17 years, have 
provided predicting values for some of these markers [25, 27-32]. 

Local inflammation in obstructive diseases 
The site of inflammation in asthma and COPD varies (Table 2). In COPD 
patients and smokers without airflow limitation, inflammation is present in 
the tracheobronchial tree, walls of central and peripheral airways and in the 
lung parenchyma [33]. In asthmatic subjects, the inflammation is mainly in 
the larger conducting airways, but with disease progression and a more 
chronic disease, the inflammation can spread to smaller airways but unlike 
COPD, it spares the lung parenchyma [6]. 
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Table 2: Pathological differences between asthma and COPD 
 Asthma COPD 

Airway inflammation Eosinophilic (allergic) or 

neutrophilic (non-allergic) 

Neutrophilic 

Main inflammatory cell Activated and degranulating 

eosinophils 

Neutrophils and macro-

phages 

Neutrophils with granulocyte 

markers 

BAL 

 

Alveolar macrophages >80 % alveolar macrophages, 

neutrophils and T-cells 

Bronchial biopsies Macrophages, CD4+ T cells 

and eosinophils 

Macrophages and CD8+ T-cells 

Induced sputum Macrophages and neutro-

phils 

Neutrophils, eosinophils and 

CD8+ T-cells 

Part of airways 

involved 

Mainly the larger conduct-

ing airways but with wor-

sening of disease, inflam-

mation can spread to small-

er airways but not the lung 

parenchyma 

Mainly peripheral small airways 

with cellular changes found in 

the endothelium, lung paren-

chyma and pulmonary vascula-

ture 

Characteristic physio-

logical abnormality 

Airway  

hyperresponsiveness 

Mucus hypersecretion 

Pharmacological  

Difference 

Bronchodilator and corti-

costeroid response 

Bronchoconstrictors: His-

tamine, prostaglandins, 

kinins, cysteinyl-

leukotrienes 

No/little bronchodilator or corti-

costeroid response 

Cholinergic tone the main re-

versible bronchoconstrictor 

Main bronchodilator 2 Agonists Anti-cholinergics 

Inflammatory mediators 

Cytokines IL-4, IL-13, IL-5, IL-6, 

TNF-  

IL-1, 6, 8, CXC chemokines, 

TNF- , LTB4 

Enzymes Mast cell tryptase, TIMP-1 

 

MMP-9, MMP-2, MMP-12. 

Protease-antiprotease hypothesis: 

Excessive protease activity and 

imbalance between proteases and 

endogenous antiproteases 

Circulating 

mediators 

Eosinophils, ECP, IgE, 

CRP, fibrinogen 

Lymphocytes, monocytes, CRP, 

fibrinogen 

Adapted from [2, 6]. 
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Systemic inflammation 
The systemic response differs from the local inflammation as: Inflammatory 
cells are activated and mobilized into the circulation; acute-phase proteins 
are produced; and there is a general increase in circulating inflammatory 
mediators. Systemic low-grade inflammation is defined as two- to fourfold 
elevation in circulating levels of pro-inflammatory and anti-inflammatory 
cytokines, naturally occurring cytokine antagonists, and acute-phase pro-
teins, as well as minor increases is counts of neutrophils and natural killer 
cells [34]. 
 
Inflammation is related to many factors affecting lung function and lung 
disease, such as smoking, exercise and adiposity. Systemic inflammation has 
been linked to diseases such as atherosclerosis, ischemic heart disease, 
stroke and cardiovascular mortality.  
 
Systemic inflammation can be grouped into three categories: The acute-
phase response, the bone marrow response and the circulation mediator re-
sponse. 

Acute-phase response 
The acute phase response is a key part of the systemic inflammation. CRP is 
an early marker of inflammation. It has been associated with increased risk 
of cardiovascular disease (CVD) and its complications, as it takes part in the 
recruitment of circulating leucocytes and in the destabilization of atheros-
clerous plaque [35]. This association suggests that the systemic inflamma-
tion may be the link between the known association between CVD and 
COPD [36]. Another acute-phase reactant is fibrinogen which is positively 
correlated with reduced lung function and increased risk of COPD [25]. 
These acute phase proteins are produced mainly in the liver but other tissue 
specific cells, such as lung epithelial cells, are also able to produce acute-
phase proteins [37]. 
IL-6 and tumor necrosis factor-  (TNF- ) are important regulators of acute-
phase reactants and both are elevated in COPD [38-42]. Pro-inflammatory 
cytokines such as IL-8 are also elevated [43]. 
 
The systemic inflammation in asthma is not as prominent as in COPD. Peri-
pheral eosinophils are often elevated in asthma patients and the number of 
peripheral-blood eosinophils correlates with disease severity and lung func-
tion [44]. Other markers such as eosinophilic cationic protein (ECP) corre-
lates with number of activated eosinophils but not with airway hyperrespon-
siveness [45]. Higher CRP in asthmatics than in controls has been found in a 
few studies [46, 47]. Lower FEV1 and increased bronchial hyperresponsive-
ness is associated with higher CRP levels [46]. Higher IL-6 has been found 
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in subjects with diagnosed asthma than in healthy controls and the IL-6 le-
vels further increased after allergen challenge [48]. Levels of tissue inhibitor 
of metalloproteinase-1 (TIMP-1) and fibrinogen have also been reported 
elevated in asthma subjects [49]. 

Bone marrow response 
Stimulation of the hematopoietic system resulting in release of leukocytes 
and platelets into the circulation is another integral part of the systemic in-
flammation. Smoking increases circulating leucocytes, including immature 
neutrophils with high levels of myeloperoxidase and 1-antitypsin [50, 51]. 
The leukocyte response is a predictor of all cause mortality independent of 
smoking [52]. 

Circulating mediators 
Pro-inflammatory markers such as TNF- , IL-6 and IL-8 are all elevated in 
patients with COPD [39]. In asthma IL-6 and TNF-  can be elevated [49]. 
These cytokines can influence the bone marrow, liver and other systems 
involved in the inflammatory response. 
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Markers of systemic inflammation used in the current thesis: 
C-Reactive Protein 
The acute phase plasma protein, CRP, is produced as a part of the non-
specific response to most forms of inflammations, infections and tissue dam-
age. CRP is part of the pentraxin family of calcium dependent ligant-binding 
plasma proteins, and has a dynamic response rate, where circulating levels 
can increase by 10.000fold within hours. [53]. CRP is mainly produced by 
hepatocytes but other cells such as adipocytes and cultured smooth muscle 
cells can also produce CRP. The regulators of CRP production vary with the 
different organ of origin, but IL-6, IL-1  and TNF-  are secreted at the site 
of injury by neutrophils and macrophages, and are all important factors con-
trolling CRP production. These cytokines bind to cell surface receptors in-
itiating the activation of transcription factors (Figure 3) [54]. 

 
Figure 3. The CRP pentamer with two binding faces. CRP production in the liver is 
mediated by interleukins (IL-6 and IL-1 ) and transcription factors (C/EBP  
andC/EBP ) where as IL-6 is the main mediator in the adipocytes. The CRP mole-
cule has two binding faces that bind different molecules in the presence of Calcium. 
Adapted from [54, 55] 

IL-6 is the main pro-inflammatory cytokine regulating the CRP production 
[56]. It circulates in the body and can affect sites different from its origin. 
TNF-  regulates the IL-6 expression [57]. In other organs other mediators 
can regulate these cytokines. In the adipose tissue, adiponectin can counte-
ract the pro-inflammatory effects of TNF-  and thereby negatively regulate 
the CRP production [55]. Increases in IL-6 over time are associated with 
decreases in FEV1 [26, 41] but IL-6 is less stable in serum than CRP which 
has complicated its use in biomarker studies. 
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Higher levels of CRP are associated with decline in FEV1 [30, 58] but when 
evaluating the longitudinal association with lung function decline the results 
are not unanimous. In the four prospective studies to date [28, 30-32] all 
have reported an inverse association of CRP and lung function at baseline 
but only two report a longitudinal association between change in CRP and 
change in lung function [30, 32]. In COPD, CRP is related to health status, 
exercise capacity, body mass index (BMI), and mortality in mild to moderate 
disease [24, 27, 59, 60]. 
 
CRP is positively associated with BMI in all age-groups suggesting that 
systemic inflammation coincides with increases in body weight [61, 62]. 
CRP is furthermore positively associated with smoking [63] and particle 
matter pollution exposure [64] as low-grade systemic inflammation is corre-
lated to both. 
 
 

MMP-9, TIMP-1 and MMP-9/TIMP-1 ratio 
Matrix metalloproteinase-9 (MMP-9) is a zinc dependent enzyme that regu-
lates cell-matrix composition. It belongs to the gelatinase subfamily of 
MMPs, and is produced by selected cell types such as: Macrophages, mono-
cytes, keratinocytes, polymorphonuclear leukocytes and various malignant 
cells. MMP-9 can cleave collagen components of the basement membrane 
enabling these various cells to enter the circulation [65]. 
 
MMP-9 is tightly regulated at multiple levels such as: gene transcription, 
synthesis, secretion, activation, inhibition and glycosylation. MMP-9 is se-
creted as a pro-enzyme, remaining inactive until a peptide domain is re-
moved resulting in a conformational change which activates the enzyme. 
MMP-9 is secreted along with its inhibitor TIMP-1 which can bind to both 
the inactive and active form of MMP-9 [65]. 
 
MMP-9 and TIMP-1 have been associated with many diseases such as: 
Atherosclerosis, autoimmune diseases, CVD, diabetes and malignancies [65, 
66]. In humans MMP-9 levels are increased in several lung diseases: COPD, 
asthma and idiopathic lung fibrosis [67-71]. These are all diseases in which 
degradation and remodelling of lung tissue and airways is prominent, and 
presumed to contribute to the development of the histopathological changes 
present. 
 
The protease-antiprotease hypothesis states that an imbalance between pro-
teolytic enzymes and their inhibitors could result in tissue proteolysis. Neu-
trophils contain neutrophil elastase and MMP-9, two proteases that are 
thought to play a major role in the development of emphysema by tissue 
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proteolysis [72]. MMP activity is controlled during gene transcription by 
proteolytic activation of the inactive pro-enzyme and through inhibition of 
the active enzyme by tissue inhibitors of metalloproteinases (TIMPs). TIMP-
1 binds to both the active and precursor forms of MMP-9 in a 1:1 proportion 
and selectively inhibits its enzymatic activity [73].  
 
The ratio MMP-9/TIMP-1 in both serum [74] and sputum [68] correlates 
with clinical parameters and lung function. The MMP-9/TIMP-1 ratio posi-
tively correlates with FEV1 as COPD patients, who have low FEV1, have 
lower ratios than control subjects [75, 76]. 
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Origin of inflammation in lung diseases 
The main inflammatory feature in asthma is the local inflammation, as the 
lung parenchyma is spared, and the systemic effects are not as pronounced as 
in COPD [6]. In COPD on the other hand, the inflammation is characterized 
by chronic airway inflammation and remodeling. Furthermore, many of the 
co-morbidities seen in COPD (skeletal muscle dysfunction, osteoporosis, 
glucose intolerance, cachexia, cardiovascular disease) can be attributed to 
the systemic inflammation [77]. 
 
Several explanations have been suggested for the origin of systemic inflam-
mation: 

 Smoking and air pollution 
 Spill-over from the pulmonary compartment 
 Adipose tissue as the source of inflammation 
 Muscle tissue as a source of inflammation 
 Genetic predisposition 

Smoking 
Smoking and air pollution are the main causes of COPD, and both induce a 
local inflammation in the lungs, as well as a systemic inflammation [78, 79], 
by inducing the hematopoietic system to release leucocytes and platelets into 
the bloodstream [80]. Secondly, smoking and air particles can cause oxida-
tive stress that can contribute to the systemic inflammation. 
 
Higher CRP levels have long been associated with smoking in both men and 
women [63], but Fröhlich et al. [19] who investigated the association of sev-
eral markers of systemic inflammation and smoking, in a large population 
based sample (2305 men and 2211 women), reported some gender differ-
ence. Male smokers had higher CRP, white-blood count, fibrinogen and 
plasma viscosity whereas women smokers only had elevated white blood 
cell count and fibrinogen. This diminished smoking-associated inflammatory 
response in women was possibly attributed to different smoking habits be-
tween men and women, as women tend to smoke less non-filtered cigarettes, 
smoke more low-yield cigarettes and take smaller and shorter puffs. 
 
Furthermore, the number of smoked cigarettes and duration of smoking, are 
positively associated with markers of systemic inflammation; whereas the 
duration of abstinence is inversely associated with markers of systemic in-
flammation [19]. Interestingly ex-smokers seem to have an ongoing inflam-
mation despite having ceased to smoke as they have higher levels of in-
flammatory markers than never-smokers [78, 81].  
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“Spill-over” theory 
The relationship between the lung and systemic inflammation is not obvious, 
but as the original site of action is the lungs the hypothesis of a “spill-over” 
from the lungs to the systemic circulation is popular (Figure 4) [6, 82].  
 
Both animal and in vitro models have reported that lung inflammation can 
lead to systemic inflammation and the mediators produced in these models 
are a part of the systemic response in COPD supporting the theory that these 
circulating factors contribute to the systemic inflammatory response [77]. 

 
Figure 4. The spill-over theory - a model for local and systemic inflammation. 
Inflammatory mediators in the lungs are transported into the circulation; hence 
activate other organ mediator production. The cytokines, proteins and inflammatory 
cells can induce vascular disease (cardiovascular disease, acute myocardial infarct 
and stroke), affect muscle and adipose tissue (muscle weakness, wasting and insulin 
resistance) and activate osteoclasts (osteoporosis). The systemic inflammation can 
augment the local inflammation by recruiting inflammatory cells to the lungs. 
Adapted from [77]. 
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systemic compartments are possibly differently regulated [81, 83, 84]. Stud-
ies of surfactant protein-D are, however, in favor of the spill-over theory. 
Surfactant protein-D is secreted by alveolar type II and non-ciliated bronchi-
olar epithelial cells and needs to pass over the blood-airspace barrier to 
access the circulation. Its levels are elevated in the blood of both COPD [85] 
and asthma patients [86] and decreased in BAL of COPD patients [87] de-
monstrating that a protein secreted into the airways can ultimately accumu-
late in the circulation. 
 
There is evidence that protein movement can occur from the lung surface to 
the systemic circulation [6, 88]. Possible mechanisms are [6]:  

1. Alveolar-to-vascular leakage secondary to increased lung vessel per-
meability 

2. Secretion from lung epithelial cells into the airways and alveolar ves-
sels due to damaged integrity of epithelial secretory cells 

3. Reduced clearance rate from the circulation 
4. Secretion by additional sources, like the epithelial surfaces of other or-

gans. 
5. Alveolar macrophage phagocytosis of foreign particles, presented to 

the circulation. 
 
Some suggest that the spill-over theory might be to simplified as not all pa-
tients with lung involvement develop systemic inflammation, and ex-
smokers continue to have a systemic inflammation despite the absence of 
smoking stimulus. 
 
Possible explanations for these discrepancies are the heterogeneous factors 
that influence low-grade inflammation, such as individual differences in how 
inflammation or inflammatory stimuli are modulated, genetic factors or the 
environment. CRP levels within the normal range are relatively tightly regu-
lated [89] but genetic factors do influence the CRP levels. Genetical deter-
minants of CRP are thought to explain 35-40% of the variation seen in CRP 
levels [90, 91]. Shared environmental factors have interestingly, not been 
associated with CRP variability as neither spouse studies of CRP correla-
tions, nor gender- and age adjusted correlations, have reported significant 
results [91].  

Role of the adipose tissue 
Another theory suggests that the adipose tissue could mediate the systemic 
inflammation by being a potential link between local and systemic inflam-
mation. Fat tissue consists of adipocytes that produce many hormones, cyto-
kines and other proteins now commonly termed as adipokines [92, 93]. IL-6 
and TNF-  are two of those adipokines and both are important mediators of 
CRP synthesis. 
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The hypoxia hypothesis was first presented by Trayhurn and Wood [93]. It 
postulates that with increasing adipose tissue, as in obesity, the adipose tis-
sue becomes poorly oxygenated, possibly due to poor neovascularization. 
This hypoxia is believed to activate lipolysis, releasing pro-inflammatory 
markers, and hinder fatty acid uptake by adipocytes. All of these processes 
can lead to adipose tissue induced inflammatory response, which may result 
in a vicious circle, resulting in chronic inflammation.  
 
Visceral adipose tissue differs from subcutaneous adipose tissue, as it has 
larger numbers of macrophages and releases different inflammatory cyto-
kines. The concentrations of CRP, IL-6 and TNF-  are correlated not only to 
total obesity but particularly to visceral fat [38]. One theory is that visceral 
adipocytes could be more prone to lipolysis which might explain their active 
part in adipose induced inflammation [94]. One might speculate if subjects 
with hypoxia secondary to lung disease (or in its milder forms due to im-
paired lung function) stand a higher risk of developing such fat tissue hypox-
ia with resulting increase in the inflammatory response. 

Role of the muscle tissue 
The muscle tissue as an endocrine organ which secretes many different cyto-
kines [95]. IL-6 and TNF-  are both secreted into the circulation during ex-
ercise [96, 97]. Both can contribute to systemic inflammation, either directly 
or indirectly, by inducing production of acute phase markers such as CRP.  
 
Exercise can reduce IL-6, CRP and insulin resistance whereas adiponectin 
levels increase [98]. Furthermore, leptin levels which are positively asso-
ciated with CRP [99], can reduce with exercise independent of BMI [100]. 
The relationship between physical activity and CRP persist after adjusting 
for BMI, waist-to-hip ratio and fasting insulin levels supporting that other 
factors influence the anti-inflammatory effects of exercise. The muscle tissue 
may therefore reduce CRP both directly by reducing cytokine production in 
fat and muscle, as well as indirectly, by increasing insulin sensitivity and 
reducing body fat. 
 
Physical activity is associated with lower CRP values [101], and some stud-
ies have reported a gender difference where this association is reported in 
men but not women [102, 103]. This gender difference has possibly been 
associated with less physical activity in women or less strenuous pattern of 
physical activity. 
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Lung function 
Spirometry is a physiological test measuring how the individual inhales or 
exhales volumes of air as a function of time. Spirometry is still the main 
means of confirming and monitoring respiratory diseases. Both FEV1 and 
FVC have been associated with all cause mortality as well as specific causes 
such as COPD, CVD, lung cancer, respiratory failure and many more [104-
106]. 
 

Lung function variables 
FEV1 

FEV1 is the volume of air that is forcibly exhaled in the first second of expi-
ration. This measurement focuses on the early, effort-dependent portion of 
the exhalation. Disease staging/severity in COPD is based on FEV1 value, 
with Fletcher and Peto´s landmark study showing the natural progressive 
decline in FEV1 over a life time [107]. 
 
A low pre-bronchodilator FEV1 is a predictor of both all cause and cardio-
vascular mortality [104, 108, 109]. FEV1 decline is affected by factors such 
as, smoking [110], gender and exacerbation frequency in COPD patients 
[111, 112]. Higher lower airway bacterial loads in stable COPD are asso-
ciated with faster lung function decline [113]. 

FVC 
Forced vital capacity (FVC) is the total volume of air exhaled after a full 
inspiration. FVC is a marker that has not received as much attention as FEV1 
when assessing associations with mortality or comorbidities, although Hut-
chinson as early as 1846 described an epidemiological study of >2000 indi-
viduals where he observed a relationship between the measured value (vital 
capacity) and survival [114]. FVC has since proven to have a well estab-
lished association with both survival [115] and cardiovascular outcomes 
[116, 117]. 
 
Burney and Hopper investigated the association of FEV1, FVC and 
FEV1/FVC ratio with survival in a general population. Their results show, 
that only FVC, was independently related to mortality, suggesting that FVC 
is the most important value in the association of survival and lung function 
[118]. A possible explanation could be that FVC is a better marker of lung 
size than FEV1 which is more effort associated. This brings focus to lung 
size and the “Baker hypothesis” regarding poor fetal growth as an explana-
tion of small lung volumes and higher risk for diseases such as CVD [119, 
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120] and the metabolic syndrome which has similarly been associated with 
low birth weight [121] 

FEV1/FVC 
The ratio of FEV1 to total FVC declines with age and decreased ratios indi-
cate airflow obstruction. Since 2001 Global initiative for chronic obstructive 
lung disease (GOLD) guidelines have used a fixed FEV1/FVC <0.70 value 
as the defining ratio for COPD diagnosis [3]. Although this ratio is an impor-
tant marker of obstruction it does not have the prognostic significance that 
FEV1 and FVC have respectively [117]. Furthermore, it may underestimate 
the prevalence of poor lung function in young adults and overestimate the 
prevalence of poor lung function in elderly adults.  
A more recent variable, lower limit of normality (LLN) is considered by 
some a better marker for evaluation of COPD. It is argued that using 
FEV1/FVC<LLN criterion rather than a fixed ratio should minimize known 
age biases, by reducing the number of false-positive COPD diagnosis in 
elderly subjects. This criterion may also diagnose better clinically significant 
irreversible airflow limitation subjects [122]. In this thesis the GOLD defini-
tion for COPD stages was used in papers II and III, which is based on the 
fixed FEV1/FVC ratio. 

Lung function and systemic inflammation 
Systemic inflammation affects lung function. A 12 year follow-up study of 
1500 healthy subjects, evaluating CRP and IL-6 and their association with 
FEV1 and FVC, found higher baseline levels of both inflammatory factors 
associated with lower FEV1 and FVC after adjustment for confounding fac-
tors [123]. Systemic inflammation was associated with only slightly poorer 
pulmonary function in a population free from self-reported respiratory prob-
lems. A seven year follow-up study of COPD patients found higher levels of 
sputum IL-6, plasma fibrinogen, sputum neutrophils and sputum eosinophils 
were associated with a faster rate of FEV1%predicted [26]. 
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Gender Differences 
Women and men differ in regards to airway function and structure. The dif-
ferences can be categorized as: 
 

 Biological differences 
 Immunological differences 
 Hormonal differences 
 Environmental and socio-cultural differences 
 Fat distributional differences 

Biological differences 
The biological differences, reflected in lung function capacity at different 
life stages, are summarized in Table 3. Biologically females have higher 
flow rates through a given lung volume compensating for smaller lungs and 
smaller airway diameter [124-127]. These differences are present in utero 
and persist into adulthood. Females are born with smaller lungs [125] but the 
maturation seems to be faster for the female lungs as both fetal breathing 
[128] and surfactant production starts at an earlier stage [129].  
 
Table 3. Main biological gender differences at different life stages. 
Life stages Females Males 
Lifelong 
differences 

Smaller lung size* 
Higher FEV1/FVC ratio 

 

Infancy dif-
ferences 

Higher forced expiratory flow 
rates†  

 

Childhood 
differences 

Decreasing differences in forced 
expiratory flow rates as TLC in-
creases earlier in girls but not 
boys 

Bigger lungs with larg-
er total number of both 
alveoli and total alveo-
lar surface 

Adolescence 
differences 

Reach FVC plateau when maxim-
al lung function is acquired in 
association with the growth spurt 

 

Adulthoods 
differences 

Smaller airway lumens 
 
Thicker airway walls 

Males reach FVC pla-
teau in mid twenties 
Higher maximal respi-
ratory pressures 

Elderly With menopause women develop 
poorer lung function and expe-
rience more respiratory symptoms 

 

*adjusted for height and growth spurt difference, †adjusted for FVC but not for TLC  
Table adapted from [130, 131] 
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Females continue to have smaller lung size during childhood, but that is 
compensated by difference in length growth, as girls generally are longer 
than boys with subsequent larger lung size. In adolescence, females reach 
their final lung size approximately as their growth spurt ceases. Male lung 
function is advantaged as it matures until mid twenties [127]; and due to 
male sex steroid hormone effects on somatic muscles. This results in males 
gaining further lung function, as they generate higher maximal respiratory 
pressures due to the “muscularity effect” and due to increased muscle mass 
in the shoulder girdle [132]. 
 
In adulthood the physiological lung function decline is mainly due to re-
modeling of the lung parenchyma. This involves decreased volume of alveo-
lar air, increased volume of alveolar duct air, decrease in lung elastic recoil 
and airway closure at higher lung volume. These changes develop later in 
women and proceed more slowly than in men [131]. 

Immunological differences 
Atopy affects lung behavior and is an important risk factor for asthma. Im-
munologically atopy evolves differently through the lifespan, with lower 
prevalence rates in girls than boys, which coincide in the mid twenties and 
stabilize at a lower level in the thirties to fall dramatically in the fifties. Total 
IgE is lower in females than males throughout the lifespan in most studies 
[131]. 
 
Pregnancy affects the female immune status as the mother and fetus are in 
close immunological proximity where both can affect the other. The mothers 
immune system affects the development of the feto-placental unit and which 
redirects maternal immunity from cell mediated to an enhanced humoral 
responsiveness [133]. There is even a small study suggesting that the gender 
of the fetus can affect the mothers airways as asthmatic pregnant women 
may experience less reactivity in the airways if the fetus is male [134]. The 
fetal immune environment is skewed toward the Th2 type of immune re-
sponse due to placental cytokines which are under control of estrogen levels 
during pregnancy [133]. As the child is born the infant’s immune system 
attempts to find the balance between the Th2 and Th1 response. Exposure to 
common allergens and microbial exposure is thought to help driving the 
immune response towards the healthier Th1 response. This balancing at-
tempt determines whether the child develops atopy, asthma phenotype (Th2 
weighted imbalance) or not [135, 136]. Many factors such as hereditary al-
lergic history, breast feeding, older siblings, recurrent childhood infections 
and certain vaccination are associated with reduced risk of developing aller-
gy and/or asthma [135-138]. 
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Hormonal differences 
Hormonal differences exist from embryonic level. The female fetus has a 
more mature surfactant production [129] and in childhood female airways 
are less responsive to non-specific challenges such as methacholine. This 
difference diminishes progressively towards adolescence, and as the repro-
ductive period of the female life starts, the airways become affected by the 
cyclical fluctuation of the sex hormones [131]. 
 
Medications, like oral contraceptives, can affect these hormonal variations 
and have been found to improve lung function and symptoms of asthmatic 
women [139]. Pregnancy is associated with changes in lung function, as 
ventilation at rest increases [131]. Pregnancy can also affect the clinical pic-
ture of asthma, which may remain unchanged, may improve or worsen dur-
ing pregnancy [140]. 
 
The hormonal effects later in life are less understood, but with menopause 
the level of airway reactivity decreases [141], lung function deteriorates with 
both lower FEV1 and FVC values and more respiratory symptoms [130]. 
Both of these trends can be partially reversed with hormone replacement 
therapy (HRT) suggesting a hormonal factor to these changes [141]. Hor-
mone intake even appears to effect the association of smoking and systemic 
inflammation as only those women not taking oral hormones, had a correla-
tion between smoking status and increased CRP levels [142]. 

Environmental and socio-cultural differences 
Environmental and socio-cultural factors vary throughout the individual 
lifespan and these factors are affected by the multiple exposures one encoun-
ters at different life stages.  
Smoking is an important factor influencing lung function. Previously men 
smoked more often than women, and though this is still true in many coun-
tries, many of the developed countries have seen a change, to a higher preva-
lence of smoking in women than men [131]. 
 
In childhood the environmental exposures are probably similar for both 
genders. But from adolescence and onward there are apparent gender differ-
ences in the susceptibility to the damaging exposures such as: smoking, dif-
ferent patterns of alcohol intake and the reporting of respiratory symptoms, 
as women generally report more symptoms of breathlessness for a given 
FEV1 deficit [131]. The genders may be at different risks from home expo-
sures such as solvents and cleaning products (traditionally women); hair and 
skin spray products (traditionally women); leisure or home improvements 
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activities such as welding fumes, isocyanides use and wood dust (traditional-
ly men) can all be harmful to the lung function. 
Factors like, unhealthy behaviors, difference in work outside the home, so-
cial supports and communication styles, are all associated with gender roles 
but it has proven difficult to incorporate them into population studies [131]. 

Fat distributional differences 
There are interesting gender differences in human body fat distribution 
which are affected by both environmental factors, such as alcohol intake, 
smoking, timing of onset of childhood obesity; and genetic factors affecting 
regional fat deposition [143]. Fat distribution is classified as lower and upper 
body fat (Table 4). 
 
Table 4. Definition of terminology in human body fat distribution. 
 

 Upper body fat Lower body fat 
 Subcutaneous 

fat 
Intra abdomin-
al/visceral fat 

Peripheral body 
fat 

 Superficial Omental Subcutaneous 
 Deep Mesenteric Adipose tissue 

between the major 
muscle groups 

Special 
features 

 Drain via the portal 
vein into the systemic 

circulation 

 

Adapted from [143] 

Visceral fat is unique as it produces many adipokines. Interestingly, IL-6 is 
produced primarily by the visceral fat [144]. Visceral fat contains more die-
tary fat than other adipose tissues and adipokines and lipolysis products are 
released directly into the systemic circulation [143]. Excessive visceral adi-
posity has been associated with the metabolic syndrome, increased CVD 
risk, type II diabetes and sleep apnea [92, 145]. 
 
The typical gender differences in body fat distribution are that females tend 
to have a larger percentage of their fat distributed subcutaneously and peri-
pherally, whereas males have larger percentage stored as visceral fat. This is 
not new knowledge [146], but the importance of this difference did not be-
come apparent until computed tomograms revealed the difference in the intra 
abdominal fat amounts associated with the different outlook characteristics: 
Central obesity (“apples”) and peripheral obesity (“pears”) [147]. Computed 
tomograms revealed that those with central obesity have more visceral fat 
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and the best predictive factor for the amount of visceral fat present is waist 
to hip circumference ratio [147]. 
 
Hormones affect the fat distribution as menopause is associated with rapid 
onset of metabolic syndrome with a shift to a more male-like central body fat 
distribution and a shift to a more atherogenic lipid profile [148, 149]. This 
gender difference in fat distribution may affect the lungs through systemic 
inflammation, as visceral adipocytes produce more Il-6 and TNF-  and less 
adiponectin. These adipokines are transported directly to the liver via the 
portal circulation, and thus in theory, could affect systemic inflammation by 
stimulating CRP production [92]. 



 32 

Aim of the thesis 

Overall aim was to evaluate systemic inflammatory markers in obstructive 
lung diseases. 
 
The specific aims of each paper: 
 
 
Paper I To determine if CRP is related to respiratory symptoms, asth-

ma, atopy and bronchial responsiveness, in a population sam-
ple from three countries. 

 
 
Paper II To evaluate if CRP is related to COPD, lung function and rate 

of lung function decline, in a population sample from three 
countries. 

 
 
Paper III To investigate the association of serum MMP-9 and TIMP-1 

with lung function, in a cross-sectional population based 
study. 

 
 
Paper IV To study possible gender differences in the longitudinal asso-

ciation between CRP and lung function, in a prospective 
population based study. 
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Ethics 

All participants gave their informed consent. The respective local Ethics 
Committees approved the studies. 
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Study population and methods 

Data collection and analysis 
Paper I and II 
CRP was measured in 1289 subjects (paper I) and CRP and spirometry was 
available in 1237 subjects (paper II). Participants came from three centers in 
the European Community Respiratory Health Survey (ECRHS) II: Reykja-
vik, Uppsala and Tartu. The age range was 28-56 years and the follow-up 
time between the spirometries was 8.3 ±0.8 years (paper II). CRP was meas-
ured at the end of follow-up. The subjects were divided into four groups 
according to the quartile distribution of the CRP values ( 0.45, 0.46-0.96, 
0.97-2.21 and >2.21). Subjects were asked to postpone their examination if 
they had suffered from a respiratory infection in the 3 weeks preceding the 
investigation. Spirometry was performed prebronchodilatory by the same 
type of spirometer in all three centers and in both ECRHS I and II. Spirome-
tery met the American Thoracic Society (ATS) criterion for reproducibility. 
BMI was calculated as weight in kilograms divided by the square of height 
in meters. CRP was measured as high-sensitivity CRP and all measurements 
were performed at the same laboratory for all three research centers. 
 
In paper I respiratory symptoms in the 12 preceding months (wheeze; 
wheeze in combination with breathlessness; wheeze when not having a cold; 
nocturnal chest tightness; attacks of breathlessness following activity; at rest 
or at night time and nocturnal cough) and asthma (defined as physicians 
diagnosed asthma and related symptoms or attacks in the preceding 12 
months) were recorded. Allergy was assessed with specific serum IgE 
against Dermatophagoides pteronyssinus, timothy grass, cat and Cladospo-
rium herbarum. Value 0.35 kU/l was defined as atopy. Allergic asthma was 
defined as having asthma in combination with atopy but those with no atopy 
were defined as non-allergic asthmatics. Bronchial responsiveness was as-
sessed by methacholine challenge. Smoking was assessed by a questionnaire 
and subjects classified as “never smokers”, “ex-smokers” (those who quit 
before ECRHS I), “quitters” (those who quit between ECRHS I and II) and 
“starters” (those who started between ECRHS I and II) and “smokers”. 
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In paper II smokers were classified into “never-smokers”, “ex-smokers” 
and “smokers” with lifetime and between survey exposures to smoking cal-
culated as pack years. COPD was defined as FEV1/FVC < 70%. With those 
having FEV1/FVC  70% and reporting cough or bringing up phlegm at least 
three months each year defined as being at risk for COPD (GOLD stage 0). 

Paper III 
Serum MMP-9 and TIMP-1 was measured with ELISA assay and spirometry 
was performed in a population-based sample of 888 subjects aged 70 years 
participating in the Prospective Investigation of Vasculature in Uppsala Se-
niors (PIVUS) study 2001-2004. A questionnaire regarding smoking habits 
was administered and smoking history was defined as “never smoker”, “ex-
smoker”, and “current smoker”. Pack years were calculated from available 
data on cigarettes smoked per week and duration of smoking in years. BMI 
calculated as weight in kilograms divided by the square of height in meters. 
Spirometry was measured prebronchodilatory, in accordance with ATS rec-
ommendations and FEV1 was expressed as percent of predicted. 

Paper IV 
Spirometry and CRP were measured in a random sample of residents in 
Reykjavik, born 1940-1954, participating in the “Reykjavik heart study of 
the young”. The subjects were investigated at three stages. The first two 
(1973-75 and 1983-85) were considered as baseline and the last stage (2001-
03) as follow-up. Participants were 1049 (574 women) with mean age at 
baseline 28±6 years and mean follow-up time of 27±4 years. Spirometry was 
measured prebronchodilatory and performed using one machine until 1974, a 
second until 1983 and a third throughout the remaining of the study. Smok-
ing status was recorded at each survey, and participants divided at baseline 
into “never smokers”, “current smokers” or “ex-smokers”. The number of 
pack years was calculated. BMI was calculated as weight in kilograms di-
vided by the square of height in meters. Comorbidities (hypertension, 
ischemic heart diseases and diabetes) and physical activity (since the age of 
twenty) were recorded using a questionnaire. At each stage of study venous 
blood samples were stored at -20°C after centrifugation. These samples were 
defrosted at the end of follow-up period and CRP measured. 
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Statistical analysis 

CRP was log transformed (in papers I, II and IV) and MMP-9 and TIMP-1 
were natural logarithmic transformed (in paper III) in order to obtain normal 
distribution. A p-value of <0.05 was considered significant in all studies. 
 
In paper I and II CRP was divided into equally large quartiles for compari-
son. One way analysis of variation was performed for comparison and logis-
tic regression used to calculate odds ratios. Multiple linear regressions with 
95% confidence interval (95% CI) were used to examine associations. Ran-
dom-effects meta-analysis were used to evaluate potential heterogeneity 
between centers 
 
In paper III simple linear regressions were used to evaluate associations and 
multiple linear regression models to examine independent associations ad-
justing for confounders. The matrix factors were standardised to one stan-
dard deviation in all regression models. All models were investigated in sex-
pooled and sex-specific strata, and sex was included as a covariate in all sex-
pooled analyses, in addition to the covariates mentioned above. 
 
In paper IV t-test and Chi squared test was used when comparing men and 
women. Simple and multiple linear regressions were used when analysing 
determinants of change in lung function and these were adjusted for con-
founders. Quartiles of baseline CRP values were calculated separately for 
men and women. CRP and change in CRP was standardised to one standard 
deviation in all regression models. 
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Results 

Paper I 
Increased levels of CRP were found only in non-allergic asthma (OR (95% 
CI) 3.57 (1.83-6.96) for the probability of non-allergic asthma) and not in 
allergic patients with asthma. A weak positive correlation with total IgE was 
found (r=0.07, p=0.01). A significant relationship was found between CRP 
and respiratory symptoms such as wheeze, nocturnal cough and breathless-
ness after effort (p<0.0001), but no association of CRP with allergic asthma 
(adjusted OR 0.95 (95% CI 0.61-1.44)) or bronchial responsiveness (r=0.22, 
p=0.51). 
 
Additional analysis not included in the published article: 
Of all patients with allergic asthma (n=103) 16% had COPD (based on pre-
bronchodilatory FEV1/FVC < 70%) and of those with non-allergic asthma 
(n=86) 23% had COPD. This difference was not significant (p=0.23). 
There was no statistical difference in the association between non-allergic 
asthma and CRP between men and women (pinteraction=0.99). 

Paper II 
COPD was more common in the highest CRP quartile (OR (95% CI) 3.21 
(1.13-9.08)). High CRP levels were related to lower FEV1 values in both 
men and women, but the negative association between CRP and FEV1 was 
significantly larger in men (-437 mL (95% CI: -596, -279 mL)) than women 
(-144 mL (95% CI: -243, -44 mL)). The decline in FEV1 was larger in men 
with high CRP levels (16 mL (95% CI: 5, 27 mL)) whereas no significant 
association was found between CRP and FEV1 decline in women. 
 
Additional analysis not included in the published article: 
The geometric mean for CRP was higher in subjects with COPD than sub-
jects without COPD. (1.4 mg/L vs. 1.0 mg/L, p=0.003).  
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Paper III 
Lower FEV1 was associated with higher levels of MMP-9 (p=0.001), TIMP-
1 (p<0.001) and their ratio (p=0.02). These associations were significant 
after adjustment for confounders. The association between FEV1 and MMP-
9, TIMP-1 and their ratio was significant in men but not women. 
 
Additional analysis not included in the published article: 
 
Analysis of comorbidities in the study population is shown in Table 5.  
 
Table 5. Comorbidities in the study population 
 

 All subjects n=888 (%)

Myocardial infarct 58 (7) 
Angina pectoris 70 (8) 
Heart failure 27 (3) 
Diabetes 29 (3) 

Paper IV 
An association between baseline CRP and change in both FEV1 (p=0.04) and 
FVC (p=0.01) was found in men but not women. In the multiple variable 
analysis, CRP at baseline was associated with a decline in FEV1 (-
3.1mL/year, 95% CI:-5.1, -0.99) and FVC (-2.5mL/year, 95% CI:-4.4, -0.65) 
in men but not in women. Similarly during follow-up, change in CRP, stan-
dardised to 1SD, was associated with a decline in FEV1 (-0.19mL/year, 95% 
CI:-0.30, -0.07) and FVC (-0.11mL/year, 95% CI:-0.22, -0.01)) in men but 
not in women. 
  



 39

Summarized gender differences in papers I-IV 

Paper II: Higher CRP levels are associated with larger FEV1 decline in men 
but not women 
Higher CRP levels were associated with lower FEV1 values in both men and 
women but the negative association between CRP and FEV1 was larger in 
men than women. 
The decline in FEV1 was larger in men with high CRP levels whereas no 
significant association was found between CRP and FEV1 decline in women. 

Paper III: MMP-9, TIMP-1 and their ratio are associated with impaired 
lung function in men but not women 
The association between FEV1 and MMP-9, TIMP-1 and their ratio was 
significant in men but not women. 

Paper IV: CRP is associated with lung function decline in men but not 
women 
In men baseline CRP was associated with change in both FEV1 and FVC 
whereas no such association was found in women. 
In multiple variable analysis: 

Baseline CRP was associated with decline in FEV1 and FVC in men but 
not in women. 
Change in CRP at follow-up was associated with a decline in FEV1 and 
FVC in men but not in women. 
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General discussion 

Obstructive lung diseases and inflammation are irreversibly intertwined. The 
association between lung function impairment and systemic inflammation is 
further strengthened by our results as all papers (I-IV) confirm this association.  

CRP and respiratory symptoms 
The association of CRP and respiratory symptoms such as wheeze, breath-
lessness after effort, and nocturnal cough, could imply that systemic inflam-
matory markers are not just a marker of advanced disease but possibly fol-
low disease evolution. 

Asthma inflammatory phenotypes 
Asthma inflammatory phenotypes are based on the different pathological 
patterns [150, 151]. Non-allergic asthma is predominantly neutrophilic whe-
reas allergic asthma has an esoinophilic inflammatory state [7, 151]. In paper 
I we reported that systemic inflammation was associated with non-allergic 
asthma but not allergic asthma. The noted divergence further emphasizes the 
difference between these subgroups of asthma and supports the theory that 
inflammation in non-allergic asthma is not only local, but also an ongoing 
systemic inflammatory process. This may explain the noted difference in 
disease severity and steroid therapy response. 

Smoking is associated with risk for developing non-allergic asthma [152, 
153] whereas such association has not been established for allergic asthma. 
Nadif et al. reported that asthma patients with the neutrophilic inflammatory 
picture (non-allergic asthma), who were not smokers, had a higher prevalence 
of COPD like symptoms such as, chronic cough, chronic phlegm and dyspnea 
[154]. This is interesting as COPD is a neutrophilic inflammatory state with 
enhanced neutrophilic activation [14]. The neutrophils can, when activated, 
release inflammatory markers, oxygen radicals and proteases [14, 155] that 
may contribute to the systemic inflammation and remodeling of both diseases 
and support the difference observed between the allergic and non-allergic 
asthma phenotypes.  
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CRP and BMI 
Paper I confirmed that CRP is related to BMI. That brings into focus the 
triad: “Asthma, high BMI and CRP”. A strong association has been reported 
between increasing asthma prevalence and increasing BMI [156-158] but the 
causality is unknown. Obesity (BMI  30) is a risk factor for self-reported 
asthma although the obese subjects had a lower prevalence of significant 
airflow obstruction [159]. 
 
As previously stated the adipose tissue has an endocrine function that can 
contribute to the systemic inflammation. Not only by IL-6 production, that 
regulates CRP production [56], but even by contributing to the production of 
sex hormones [160]. 
 
Chen et al. report increased BMI as a risk factor for asthma in women but 
not men [157]. There are known causal associations between obesity and 
asthma such as: Sedentary lifestyle, obstructive sleep apnea, gastro-
esophageal reflux disease and the negative effects obesity has on lung func-
tion [161]. Apart from these causal associations, this risk association for 
asthma and BMI in women could be attributed to hormonal factors.  
Progesterone up regulates beta-2 adrenergic receptors [162] and obesity may 
reduce progesterone levels. Reduced levels of progesterone may therefore 
reduce beta-2 adrenergic receptor function, which reduces bronchial smooth 
muscle relaxation [157] with subsequent worsening asthma symptoms and 
disease severity. 
Adipose tissue can produce estradiol (E2) and BMI is positively associated 
with plasma estrogen and estrone sulfate levels in postmenopausal women 
[163]. Estrogen may affect asthma, as postmenopausal estrogen use has been 
associated with increased levels of asthma [141]. Sex hormones affect lung 
function in both pre- and postmenopausal women [164] and males have a 
positive association between E2 levels and CRP [165]. Sex hormones regu-
late the lipoprotein metabolism [166] which effects the systemic inflamma-
tory process and E2 receptors are found in the lung tissue which may 
strengthen a plausible hormonal association. 

CRP and gender differences 
The observed gender difference regarding impaired lung function and in-
flammatory markers was a recurrent finding in our studies. This was true for 
both CRP and the matrix markers (MMP-9, TIMP-1, MMP-9/TIMP-1 ratio) 
where the negative association between inflammatory markers and FEV1 
was stronger for men than women. This association was found both in the 
cross-sectional study (paper III) and in the two longitudinal studies (paper II 



 42 

and IV). These results confirm a stronger association between systemic in-
flammation and lung function decline in men than women, and suggest that 
systemic inflammation may be part of the pathophysiological process in the 
development of impaired lung function. 

The observed gender difference is a novelty now reported in several studies 
summarized in Table 6. Baseline CRP is consistently negatively associated 
with FEV1 in these studies, either in men only [41] (paper II, III and IV) or 
in both genders [167]. But only two studies found this association true for 
FVC as well [167] (paper IV). In the three longitudinal studies CRP was 
consistently associated with FEV1 decline in men but not women [167] (pa-
per II and IV); and only paper IV reports this association for FVC decline as 
well. These gender differences are not easily explained. I will discuss hor-
monal differences, adipose tissue differences, age related differences and 
role of smoking as possible explanations. 

Hormonal differences 
Hormonal differences in men and women are one possible explanation. 
Factors affecting women only might be the cyclical changes in endogenous 
sex hormones in premenopausal women due to menarche, pregnancy and 
menstrual phases [130]. Hormone therapy with exogenous estrogens in-
creases systemic inflammation in women [168] and with the onset of meno-
pause, women experience several changes affecting their lung function and 
cardiovascular risk. Lung function deteriorates with age both in men and 
women but HRT is associated with better FEV1 and FVC in elderly women 
[164] whereas menopause is associated with poorer lung function and more 
respiratory symptoms [130]. This could imply that the female hormonal en-
vironment during fertility age is somehow protective for the lung function. 

Adipose tissue differences 
Menopause is associated with rapid onset of the metabolic syndrome with 
more central body fat, a shift to a more atherogenic lipid profile, increased 
levels of low density lipoproteins and triglycerides [148, 149]. This increase 
in visceral adiposity is associated with increased serum inflammatory mark-
ers [169]. Khera et al. recently reported that the quantity and distribution of 
body fat influences CRP to a greater extent in women than men, as women 
with increasing abdominal fat mass had a larger increase in CRP [170]. This 
gender difference in adiposity may therefore be another contributing factor 
as CRP levels are positively associated with adiposity [61] and males gener-
ally accumulate more abdominal body fat whereas premenopausal women 
develop larger lower body fat.   
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Table 6. Comparison of studies reporting gender difference in the association of 
impaired lung function and inflammatory markers 
 
Study 

 
Fol-
low-
up 
time 

Partici-
pants 
number 
Mean age 
at baseline 

 
CRP and lung function 

 
Cross-sectional 
analysis 

Longitudinal analysis 
Adjusted for con-

founders 
Paper II 
2007 
 

Three centers 

in the 

ECRHS I and 

II 

8.3 
years 
 
CRP 
meas-
ured at 
follow-
up 

1237 (642 
women) 
 
42 years 
(range  
28-56) 

CRP was nega-
tively associated 
with FEV1 in 
both men and 
women but men 
had a larger nega-
tive association  

FEV1 decline was 
negatively associated 
with CRP in men not 
women. 

Thor-
leifsson et 
al. 2009 
[41] 
Icelandic 

BOLD study 

Cross-
sec-
tional 
study 

938 (355 
women) 
 
57.7 ±12.7 
years 

CRP is negatively 
associated with 
FEV1 levels in 
men but not 
women 

 

Rasmus-
sen et al. 
2010 [167] 
 
Odense 

Schoolchild 

Study 

9.2 
years 
 
 

667 ( 323 
women) 
 
20.1 years at 
baseline and 
29.3 years at 
follow-up 

CRP was nega-
tively associated 
with FEV1, FVC, 
FEV1/FVC ratio 
and FEV1and 
FVC decline in 
both men and 
women 

Change in FEV1 was 
larger in men with 
highest CRP values 
than women 
Higher CRP at 20 
years was associated 
with FEV1decline in 
men but not women 

Paper III 
2010 
 
PIVUS study 

Cross 
sec-
tional 
study 

888 (456 
women) 
 
70 years 

MMP-9, TIMP-1 
and their ratio was 
negatively asso-
ciated with FEV1 

in men only 

 

Paper IV 
submitted 
 

Reykjavik 

heart study of 

the young 

27±4 
years 

1049 (574 
women) 
 
28±6 years 

CRP was nega-
tively correlated 
with change in 
both FEV1 and 
FVC in men but 
not women 

 

CRP was associated 
with FEV1 and FVC 
decline in men but no 
women 
Change in CRP was 
associated with a 
FEV1 and FVC de-
cline in men 
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This may be explained by the endocrine function of the adipose tissue, pro-
ducing hormones and cytokines, affecting CRP levels and contributing to the 
systemic inflammation. It is therefore interesting to speculate if the deterio-
ration in lung function seen after menopause, is attributable to the loss of the 
hormonal protective environment and the negative effects seen with different 
fat distribution. 

Age related differences 
The heterogeneity among women in their sex hormone environment differs 
due to cyclical hormonal changes during different life stages. This could 
well contribute to the diminished sensitivity females seem to have in these 
studies reporting a stronger association of impaired lung function and sys-
temic inflammation in men than women. 

Role of smoking 
There are some gender differences in the association of smoking and sys-
temic inflammation [19]. Male smokers seem to have a more generalized 
inflammatory reaction with elevation of CRP, fibrinogen, white-blood count 
and plasma viscosity; whereas women only have elevation of white-blood 
cells and fibrinogen. This might be attributed to the same gender difference 
we report in the association of CRP and impaired lung function. That is, the 
association of systemic inflammation induced by smoking is stronger in men 
than women. As smoking is both a source of inflammation and associated 
with reduced lung function, all of the studies summarized in Table 6 were 
adjusted for smoking. 

CRP and lung function 
Two of our papers had a longitudinal evaluation of lung function (paper II 
and IV). There we found an association between faster FEV1 decline and 
higher CRP levels in men but not women. In paper IV, baseline CRP (cross-
sectional analysis) and change in CRP (longitudinal analysis) were both 
negatively correlated to FEV1 and FVC in men, but not women. 
The finding for men supports previous cross-sectional findings of an inverse 
relationship between CRP and FEV1 [18, 46, 171, 172] and FVC [173, 174]. 
This relationship is even found in subjects without respiratory disease, never 
smokers and in subjects with moderately reduced lung function demonstrat-
ing that systemic inflammation may have significance at all levels of lung 
function decline. 
There are four previous prospective studies on lung function and CRP [28, 
30-32] their results are summarized in Table 7.  
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Table 7. Comparison of prospective studies reporting the association of CRP and 
lung function 
 
Study 

Follow-
up time 
(years 
of data 
gather-
ing) 

Number 
of par-
ticipants 
Mean age 
at base-
line 

 
CRP and lung function 

 
Cross-sectional 
analysis 

Longitudinal analysis 
Adjusted for confound-

ers 
Shaaban 
et al. 2006 
 
Based on: 

ECRHS from 

two French 

centers 

 

8.5 years 
 
(1991-
2001) 

531  
(50% 
women) 
 
37±7 years 

CRP was nega-
tively associated 
with FEV1 

FEV1 decline: 
Had a tendency to 
increase with rising 
CRP tertiles (p=0.14) 
 
Annual FEV1 decline 
was associated with 
change in CRP at fol-
low-up  

Fogarty et 
al. 2007 
Based on 

cohort from 

Nottingham 

9 years 
 
(1991-
2000) 

1301  
(50% 
women) 
44.7±13.5 
years 

CRP was nega-
tively associated 
with FEV1 and 
FVC in both 
1991 and 2000 

FEV1 and FVC decline 
were not associated 
with baseline CRP or 
change in CRP 

Jiang et 
al. 2008 
 

Cardiovascu-

lar health 

study from 

four US 

communities 

16 years  
 
 
(1989-
2006) 

5021  
(57.1% 
women) 
 
72.7±5.5 
years 

Fibrinogen and 
CRP were nega-
tively associated 
with FEV1 and 
FVC 

Rate of FEV1/FVC 
decline was associated 
with elevated fibrino-
gen levels but not CRP 
(a similar trend was 
seen p=0.44 
 
No such association 
seen for rate of FEV1 
decline or FVC decline 

Bolton et 
al. 2011 
 

Caerphilly 

Prospective 

study 

16.8 
years 
 
5 phases 
(1979-
2004) 

1021 
(all men) 
 
56.0±4.4 
years 

CRP was nega-
tively associated 
with FEV1 and 
FVC both at 
baseline and 
follow-up 

Rate of FEV1 decline 
and FEV1/FVC decline 
was negatively associ-
ated with CRP (phase 
2). 
 
No association was 
seen for rate of FVC 
decline and CRP 
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As Table 7 demonstrates these results are not univalent regarding the longi-
tudinal conclusions. Two studies [30, 32] report an association between 
change in CRP and change in lung function, although Bolton et al. do not 
use the last taken value of CRP (follow-up) but the value from phase two of 
five phases. The other two studies [28, 31] did not find this association for 
CRP. Jiang et al. reported a negative association between lung function de-
cline and fibrinogen and a similar trend for CRP which was not significant 
[31]. 
 
But why do we see these discrepancies? 
 
A limitation of Jiang et al. study [31] was the old age of the participants and 
the fact that a large number of participants deceased during the study period, 
which may have influenced the results as systemic inflammation is associ-
ated with mortality. Furthermore women were overrepresented in this study 
group (57% women), as may be expected for elderly subjects. We did report 
in paper III a gender difference for MMP-9, TIMP-1 and their ratio in a 
study population of 70 years old individuals. We found these matrix markers 
associated with impaired lung function in men but not women. An interpre-
tation could be that women´s lung function is less affected by systemic in-
flammation and therefore this overrepresentation of women could be consid-
ered as a confounder and gender stratification of study results would have 
been of interest. 
 
A limitation of Fogarty et al. study [28] was that current and recent infec-
tions were not considered and there was a wide age range (18-70 years). 
Most of the participants were over 40 years of age which may give rise to the 
healthy survivor effect which could bias the results. 
 
The Bolton et al. study group [32] was composed of males only and they 
report an association for CRP and decline in FEV1 but not for FVC. With 
increasing age the elastic recoil in the lungs diminishes. Men who generally 
have larger lungs loose the elastic recoil in the parenchyma faster and earlier 
than women but at the same time the larger airways get more rigid [131]. 
This could possibly explain why FEV1, which is stronger associated with 
elastic recoil, would have a faster decline and be more affected by the sys-
temic inflammation than FVC. 
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Strengths and limitations 
The strengths of this thesis are that we present data from general population 
and assessment was done using high-quality, standardized methods. The 
same gender difference is reported in different cohorts of patients participat-
ing in different population-based studies. 
 
The limitations are that in our studies we have results from pre-
bronchodilatory spirometries rather than post-bronchodilatory as would have 
been optimal for evaluation of obstructive diseases. Secondly, we have val-
ues for BMI and not waist-circumference measurements which are more 
significantly associated to visceral fat than BMI. Thirdly, in Paper III, the 
total MMP-9 enzyme levels were measured and not the pro-MMP-9 which 
could have been deducted from the total value to measure the active MMP-9 
enzyme. Fourthly, in paper IV, participants were not asked for recent respi-
ratory infections which may have influenced the CRP values whereas in 
papers I and II patients were asked to postpone their investigation if they 
admitted to having had a respiratory infection within the last 3 weeks pre-
ceding the examination. 

Future perspectives 
In this thesis I have tried to shed some light on the gender difference by sug-
gesting mechanisms underlying the observed differences. But we are far 
from answers still. 
 
Our knowledge of the roles of different inflammatory markers, their effect 
on the pathogenesis needs further studies to increase our understanding. I 
hope that more knowledge and understanding of underlying pathological 
processes will lead to new treatment strategies, where a more personalized or 
phenotypical treatment options will be available. 
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Conclusions 

Systemic inflammatory markers (CRP and matrix markers) are associated 
with impaired lung function and obstructive lung diseases. The association is 
stronger for men than women. 
 
The specific conclusions for each paper: 
 
Paper I CRP is related to non-allergic asthma but not allergic asthma 

CRP is related to respiratory symptoms such as wheeze, noc-
turnal cough and breathlessness after effort but not associated 
with atopy or bronchial responsiveness 

 
 
Paper II COPD is more common in subjects in the highest CRP quar-

tile 
Higher CRP levels are associated with lower FEV1 values in 
both men and women, but the negative association between 
CRP and FEV1 is larger in men than women 
FEV1 decline is larger in men with high CRP levels, but no as-
sociation was found between FEV1 decline and CRP for wom-
en. 

 
 
Paper III Lower FEV1 was associated with higher levels of matrix 

markers (MMP-9, TIMP-1 and their ratio MMP-9/TIMP-1). 
After stratification for gender this association was significant 
in men but not women. 

 
 
Paper IV CRP levels are associated with change in both FEV1 and FVC 

in men but not women. This association is found for both 
baseline CRP and change in CRP, confirming a stronger asso-
ciation between systemic inflammation and lung function de-
cline in men than women. 
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Populärvetenskaplig sammanfattning 

Den inflammatoriska processen är en del av den naturliga läkningsprocessen 
i människokroppen. Om den inte är kontrollerad kan konsekvenserna bli 
destruktiva. Den inflammatoriska processen kan vara lokal eller systemisk, 
och olika inflammation markörer deltar i dessa inflammationsprocesser. Vid 
systemisk inflammation sprids inflammationsmarkörerna till andra kropps-
delar än där inflammationen har sitt ursprung. 
 
Inflammation är en viktig del av de obstuktiva lungsjukomarna, astma och 
kroniskt obstruktiv lungsjukdom (KOL), men inflammationen är av olik 
genes. Vid astma är det huvudsakligen en eosinofil inflammation men vid 
KOL har man primärt en neutrofil inflammation. Astma har tidigare define-
rats som en allergisk sjukdom, men på senare tid har man upptäckt att det 
finns en fenotyp av astma, icke-allergisk astma, som står för upp till 50% av 
alla astmafall. Inflammatoriska processen skiljer sig mellan dessa två feno-
typer, där icke-allergisk astma huvudsakligen har en neutrofil inflammation. 
 
Vid systemisk inflammation mobliseras inflammatoriska markörer ut i cirku-
lationen. Dessa kan vara akut-fas proteiner som C-reactiv protein (CRP); 
benmärgs produkter från vitablodkroppar och trombocyter; eller cirkulerande 
pro-inflammatoriska cytokiner som interleukin-6 (IL-6) eller tumour necro-
sis faktor-  (TNF- ) som båda är viktiga regulatorer av CRP produktionen. I 
denna avhandling har vi mätt CRP samt matrix markörerna matrix metallo-
proteinase-9 (MMP-9) och dess inhibitor tissue inhibitor of metalloproteina-
se-1 (TIMP-1). 
 
CRP är en av de mest kända markörerna för systemisk inflammation. Den 
produceras huvudsakligen i levern efter stimulation av IL-6 men kan också 
produceras av andra vävnader som fettvävnaden. Höga CRP värden är asso-
cierade med sämre lungfunktion, högt body mass index (BMI), fetma, hjärt-
kärlsjukdomar med mera. Vid KOL är CRP relaterad till hälsotillstånd, an-
strängningsförmåga, BMI och mortalitet. Matrix markörerna är viktiga en-
zymer som reglerar cell-matrix uppbyggnaden, där ökad produktion kan 
utlösa vävnadsnedbrytning (proteolys). MMP-9 är relaterade till hjärtkärl-
sjukdomar, malignitet och lungsjukdomar som KOL, emfysem, astma och 
lungfibros. Proteas-antiproteasteorien beskriver att balansstörning mellan 
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protelytiska ensymer och deras inhibitorer skulle kunna utlösa vävnadspro-
teolys. 
 
Upphovet till systemisk inflammation är inte uppenbar. Rökning är associe-
rad med systemisk inflammation så man skulle kunna föreställa sig att rök-
ning, eller annan inflammationstrigger skulle kunna orsaka inflammation i 
lungorna som rinner över till den systemiska cirkulationen (”spill-over” teo-
rien). Även andra vävnader som fettvävnad och muskelvävnad kan produce-
ra proinflammatoriska cytokiner som kan leda till systemisk inflammation. 
 
Lungfunktionsmätningar är viktiga för att monitorera lungsjukdomar. Vanli-
gaste variablerna är FEV1 (forcerad expiratorisk volym på en sekund), FVC 
(forcerad vital capacitet) och deras kvot. Försämrad lungfunktion är associe-
rad med mortalitet och lungsymtom. Tvärsnitts studier har visat att CRP är 
associerad med försämrad FEV1 och FVC men longitudinella studier har inte 
varit samstämmiga. 
 
Det finns könsskillnader i lungfunktionen från fosterstadiet och hela livet ut. 
Kvinnors lungor utvecklas snabbare i fosterstadiet och i barndomen. I vuxen 
ålder har kvinnor mindre lungvolym mest beroende på att mäns lungor fort-
sätter sin tillväxt till tjugoårsåldern medan kvinnors lungor är fullt utveckla-
de i tonåren. Könshormoner kan påverka lungorna hos både män och kvin-
nor. Efter menopaus utvecklar kvinnor sämre lungfunktion och får ökade 
lungsymtom. Vid menopaus är det inte bara hormonändringar hos kvinnor, 
det blir även signifikanta ändringar i fettvävnadsdistributionen. I fertil ålder 
har män mer visceral fettvävnad än kvinnor, medan kvinnor har relativt mer 
av nedrekroppsfettvävnad och subkutan fettvävnad. Efter menopaus ändras 
detta hos kvinnor och de får ökad visceralfettvävnad som hos män. Viscerala 
fettvävnaden skiljer sig från annan fetvävnad då den producerar mer cytoki-
ner som IL-6 än annan fetvävnad, samt att den dräneras via portalvenen in i 
den systemiska cirkulationen. Detta skulle kunna tala för att viscerala fett-
vävnaden skulle kunna vara en viktig del i den systemiska inflammationen. 
 
Syftet med denna studie var att mäta systemiska markörer vid obstruktiva 
lungsjukdomar. 
I arbete I ville vi undersöka sambandet mellan CRP och lungsymtom, astma, 
atopi och bronkiell hyperreaktivitet hos 1289 individer från tre olika centra 
som deltagit i European Community Respiratory Health Survey del II 
(ECRHS II) (Reykjavik, Uppsala och Tartu). 
I arbete II var syftet att se om CRP var associerat med KOL, lungfunktion 
och hastigheten av lungfunktionsförsämringen i en studie av 1237 individer 
från samma tre centra som i arbete I. 
I arbete III ville vi undersöka om MMP-9 och TIMP-1 var associerat med 
lungfunktion i en tvärsnitts studie av 888 pensionärer (70 år gamla) som 
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hade deltagit i Prospective Investigation of Vasculature in Uppsala Seniors 
(PIVUS) studien i Uppsala. 

I arbete IV var vi interesserade av att undersöka möjliga könsskillnader i 
longitudinella associationen mellan CRP och lung funktion i en prospektiv 
populations studie (Reykjavik Heart Study of the Young) där 1049 individer 
deltog med en medelålder vid studiens start på 28 år och medel uppföljnings-
tid på 27 år. 
 
Delarbete I visade att ett högt CRP var relaterat till icke-allergisk astma men 
inte till allergisk astma. Högt CRP var dessutom relaterad till lungsymtom 
som pip i bröstet, nattlig hosta och andfåddhet vid ansträngning men ingen 
association hittades mellan CRP och allergisk sensibilisering eller bronkiellt 
hyperreaktivitet. 
Delarbete II visade att KOL var vanligare hos individer med högre CRP 
värden och högre CRP värden var även relaterat till lägre FEV1 hos både 
män och kvinnor. Den negativa associationen mellan CRP och FEV1 var 
större hos män än hos kvinnor och FEV1 förlusten var större hos män med 
höga CRP värden medan inget sådant samband hittades för kvinnor. 
Delarbete III visade att lägre FEV1 värden var relaterade till högre värden av 
MMP-9, TIMP-1 och deras kvot. När vi stratificerade för kön upptäkte vi att 
relationen mellan FEV1 och MMP-9, TIMP-1 och deras kvot var signifikant 
för män men inte för kvinnor. 
Delarbete IV visade att hos män men inte kvinnor var CRP vid baseline rela-
terad till ändring i både FEV1 och FVC. Vid multipel variabel analys upp-
täckte vi samma könsskillnad, att hos män men inte kvinnor, var CRP vid 
baseline associerad med försämring av FEV1 och FVC. Samma könsskillnad 
hittar vi i förändringen av CRP över studieperioden som var relaterad till 
förlusten av FEV1 och FVC hos män men inte hos kvinnor. 
 
Sammanfattningsvis visar studierna att systemisk inflammation är kopplad 
till icke-allergisk astma men inte till allergisk astma och att hos män är den 
kopplad till större lungfunktionsförlust än hos kvinnor. Detta pekar på att 
astma fenotyperna, allergisk och icke-allergisk astma, är olika i sin inflam-
mationsprofil och det möjligen kan förklara varför icke-allergisk astma ofta 
är kopplad till svårare sjukdomstillstånd och svarar mindre bra på traditionell 
behandling. Att det finns ett starkare samband mellan systemiska inflamma-
tionen och lungfunktionsförlust hos män än hos kvinnor skulle kunna tyda på 
könsskillnader i mekanismen bakom lungfunktionsförlust. Dessa könskillna-
der påminner oss om att män och kvinnor är olika och att ytterligare forsk-
ning av detta är viktig och kan leda till bättre och mer individ anpassade 
behandlings alternativ.  
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