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Abstract 
Obstructive lung disease is a group of respiratory diseases characterized by 

airways obstruction. Among them the more frequent are asthma and chronic 

obstructive pulmonary disease (COPD). Obstructive lung diseases are 

caused by a complex interaction between environmental exposure (e.g. 

smoking, occupational, allergens, air pollution) and genetic predisposition. 

Obstructive lung diseases are usually characterized by airway inflammation. 

Fractional exhaled nitric oxide (FeNO) is one method to study eosinophilic 

airway inflammation. Population based survey have been used extensively 

to study obstructive lung disease; however, some concerns have been raised 

because their design and methodology. The overall aim of this thesis is to 

evaluate the effectiveness of a population based survey in Western Sweden 

to study several aspects of obstructive lung diseases. One aspect is the diag-

nostic accuracy of questionnaire items in defining airway obstruction by 

questions regarding diagnosis of COPD and chronic bronchitis symptoms. 

In this thesis, the sensitivity of these questions in catching airway obstruc-

tion was low, while specificity was very high, indicating that participants 

reporting a medical diagnosis of COPD have a high likelihood of having 

airway obstruction. Another aspect is the role of subclinical airway inflam-

mation, assessed by FeNO, in predicting obstructive lung diseases. In 

asymptomatic subjects, high FeNO was associated to new onset asthma and 

wheezing in a follow-up. Given the importance of FeNO in obstructive lung 

diseases, this population was also investigated to provide reference values 

of FeNO, which can be very useful in surveys and clinical practice to dis-

criminate between normal and abnormal findings. Finally, this population 

was explored to assess potential risk factors for airway obstruction. The re-

sults confirmed the role of smoking and atopy as a risk factors, while occu-

pational exposure to vapours, dust, gas and fumes, assessed by a job 

exposure matrix, seems to play a role especially when coupled to smoking 

exposure. All the results, despite some limitations, confirm that large popu-

lation based studies are still useful for exploring different aspects of obstruc-

tive lung disease. 
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Sammanfattning på svenska 

 
Obstruktiva lungsjukdomar är en grupp lungsjukdomar som kännetecknas 

av luftvägsobstruktion. Astma och kronisk obstruktiv lungsjukdom (KOL) 

are de vanligaste bland de obstruktiva lungsjukdomar. Obstruktiva lungsjuk-

domar orsakas av en komplex interaktion mellan miljö exponeringar (t.ex. 

cigarettrök, skadliga nämnde i yrkesmiljö, allergener, miljöförstörning) och 

genetisk ärftlighet. Kronisk inflammation i luftvägarna är en vanlig egen-

skap i obstruktiva lungsjukdomar. Fraktionerad NO-mättning (fractional ex-

haled nitric oxide, FeNO) är en metod för att studera eosinofil inflammation 

i luftvägarna. Populationsbaserad undersökning har använts i stor utsträck-

ning för att studera obstruktiva lungsjukdomar, men det finns flera frågor 

angående validitet av resultaten på grund av metodologin som använts i såna 

studier.     

Syftet med denna avhandling är att utvärdera effektiviteten av en populat-

ionsbaserad undersökning i Västra Sverige för att studera flera aspekter av 

obstruktiva lungsjukdomar. Ett mål med avhandlingen är att bevisa diagnos-

tisk exakthet av enkätfrågor för att definiera luftvägsobstruktion med ett 

frågeformulär om diagnos KOL och symptom vid kronisk bronkit. I denna 

avhandling, frågeformulärets känslighet för att fånga luftvägsobstruktion var 

låg, medan specificiteten var mycket hög, vilket indikerar att deltagarna som 

rapporterar en medicinsk diagnos av KOL har en hög sannolikhet för att visa 

luftvägsobstruktion vid lungfunktion. Ett annat mål med avhandlingen är 

den potentiella rollen av subklinisk inflammation i luftvägarna, mätt med 

FeNO, för att förutsäga obstruktiva lungsjukdomar. Hög FeNO kopplades 

till nydebuterad astma och pip i uppföljningen i försökspersoner utan tidi-

gare symtom. Med tanke på vikten av FeNO i obstruktiva lungsjukdomar, 

var denna population undersökt också för att definiera referensvärden för 

FeNO, vilket kan vara mycket användbart i undersökningar och klinisk 

praxis för att skilja mellan normala och avvikande resultat. Till sist, denna 

population undersöktes för att bedöma potentiella riskfaktorer för luftvägs-

obstruktion. Rollen av rökning och atopi som riskfaktorer bekräftades av re-

sultaten, medan yrkesexponering för ånga, damm, gas och rök, bedömda 

med en yrkesexponeringsmatris, tycks spela en roll, särskilt när den är kopp-

lad till rökning exponering.  

Samtliga resultat, trots vissa begränsningar, bekräftar att stora populations-

baserade studier är fortfarande användbara för att utforska olika aspekter 

av obstruktiva lungsjukdomar. 
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1 Introduction 
 

 

1.1 Definition of obstructive lung disease 

 
Obstructive lung disease is a class of lung diseases characterized by airways ob-

struction. The more frequent diseases of this category are asthma and chronic ob-

structive pulmonary disease (COPD); others, less common are bronchiectasis, 

bronchiolitis and cystic fibrosis. Airways obstruction could also be a feature of 

other diseases such as sarcoidosis, vasculitis and other autoimmune diseases (1,2).  

Obstructive lung disease is one of the leading cause of morbidity and mortality 

worldwide. Asthma prevalence rates are very high and vary widely in different 

countries, ranging between 5% to 16% (3). Mortality for asthma has decreased in 

the last twenty years but, according to WHO, 250000 people still die prematurely 

for asthma (4). The estimated prevalence of COPD based on the larger epidemio-

logical studies is 11.7% and COPD is the fourth cause of death worldwide, ac-

counting for three million deaths each year (5). Although asthma prevalence 

seems to have reached a plateau in the western countries and mortality is decreas-

ing (6), it is estimated that, given the trend in risk factors spreading, COPD inci-

dence and mortality will increase greatly in the next future (5). 

Cystic fibrosis, even if it is one of the more frequent genetic diseases in western 

countries, remain a rather rare disease compared to asthma and COPD, however 

recent improvements in diagnosis and treatment will increase prevalence in the 

next decades (7). For other obstructive diseases, such bronchiolitis and bronchi-

ectasis, lack of data do not allow to have an accurate estimate of morbidity and 

mortality, which are usually underestimated (8). 

Asthma is defined by the Global Initiative for Asthma as a disease characterized 

by variable symptoms of wheeze, shortness of breath, chest tightness and/or 

cough, and by variable expiratory airflow limitation. Both symptoms and airflow 

limitation characteristically vary over time and in intensity. These variations are 

often triggered by factors such as exercise, allergen or irritant exposure, change in 

weather, or viral respiratory infections. Asthma is usually associated with airway 

hyperresponsiveness to direct or indirect stimuli, and with chronic airway inflam-

mation.  

 (9). In this definition three key concept are embedded, airway obstruction, typi-

cally variable over time, often reversible, exposure to trigger and chronic airway 

inflammation.  
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COPD is defined by the Global Initiative for Obstructive Lung Disease (5) as a 

common, preventable e treatable disease characterized by persistent respiratory 

symptoms, airflow limitation due to airway and/or alveolar abnormalities usually 

caused by the exposure to noxious particle and gases (5). As for asthma, also in 

this definition the three key concept mentioned above are present, making the two 

diseases closer than usually is thought. As a matter of fact, the so called “Dutch 

hypothesis”, since 1961, proposed that asthma and chronic bronchitis could be 

seen as different manifestation of the same disease, a chronic non-specific respir-

atory disease. Despite some criticism, this theory is still debated today, especially 

in the last years, when the trend is to define different phenotypes of obstructive 

lung diseases, toward a better prevention and treatment of them. For this reason, 

having a more comprehensive view of this subject become actual and grey areas 

and controversial concepts, as the asthma-COPD overlap syndrome (ACOS), be-

come matter of discussion worldwide (10). 

 

1.2 Airway obstruction 

 
One key concept which characterized both diseases (asthma and COPD) is airway 

obstruction. Airway obstruction is a multifaceted phenomenon which finally pro-

duce airflow limitation and consequently reduction of blood oxygen partial pres-

sure and, in some stage of the process, raise in blood carbon dioxide. Airway 

obstruction is a result of a mixed effect of three moments. One moment is bron-

chial smooth muscle contraction, usually mediated by the activation of 2 adren-

ergic receptor and airway muscarinic receptors, as the M3 receptor (11). Another 

important moment is airway inflammation which leads mainly to mucosal edema 

and mucus secretion. The type of airway inflammation is often matter of debate in 

the scientific community, in asthma inflammation is frequently eosinophilic and 

the response is mainly Th2 type, while in COPD neutrophilic inflammation is usu-

ally predominant, with T CD8 lymphocyte infiltrates (12). However, many reports 

highlighted the presence of a specific eosinophilic phenotype in COPD and a neu-

trophilic phenotype in asthma, often associated to a more severe and longstanding 

form of asthma (13). These characteristics, which can be perceived as confusing 

at a first stage, are the demonstration of the complexity and the interaction of the 

two diseases. The third moment, commonly present in COPD and Asthma, is air-

way remodelling, a complex phenomenon characterized by aberrant repair of the 

epithelium and accumulation of fibroblasts and myofibroblast, which contribute 

to extracellular matrix deposition, resulting in fixed bronchial obstruction (14).  

Since XIX century spirometry is the main tool to measure lung volumes, flows 

and thus airway obstruction. Even if many techniques have been made available 
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to study airways physiology and pathology, such as analysis of induced sputum, 

fraction exhaled nitric oxide, exhaled breath condensate, oscillometry, etc. spi-

rometry remain the most widespread and reliable way to measure airway obstruc-

tion. The most common parameters used to study airway obstruction are the forced 

expiratory volume at the first second (FEV1), the vital capacity (VC) and their 

ratio (FEV1/VC). In fact, despite the availability of many other parameters, some-

times very useful as the residual volume, or quite unclear as the FEF 25-75, FEV1 

and VC are still the most widely used for clinical decision making on obstructive 

lung disease (15). 

To define airway obstruction by these parameters there is a need of normal refer-

ence values to compare with. Reference values are usually made by non-smoker 

healthy subjects form the general population. Historically many attempts have 

been made to obtain a reference equation which can be used worldwide, the last 

one was the introduction of the global lung function initiative (GLI) equations in 

2012 which consider also older subjects than in the past ERS equations (16), how-

ever the proposed adoption of GLI equations worldwide upraise some criticism, 

especially in Northern Europe (17), where a country-based reference equations 

were proposed to fit better well known ethnic differences (18). 

The adoption of a reference equation will allow to express the FEV1 and the other 

parameters as a percentage of the predicted value. Moreover, after adopting a ref-

erence equation, another issue will raise, the definition of obstruction. 

In the past, in epidemiological studies and in clinical practice a fixed percentage 

of the proposed parameters (FEV1/CV ratio, FEV1) was used to define and grade 

airway obstruction. The parameter adopted and the percentage varied over time 

and it was different by region/country. A good example of this classification is the 

definition given by GOLD od airway obstruction which classified as obstructed 

every subject, regardless the age, with a FEV1/VC ratio, after pharmacological 

bronchodilation, under 0.70. This way of classifying obstruction is still in use in 

research and clinical practice, however it upraises a lot of criticism among lung 

function experts, because it will not consider the physiological lung aging, yield-

ing to a misclassification of patients with obstructive lung disease, especially 

COPD (19).  

For this reason, the main western respiratory scientific respiratory societies, the 

American Thoracic Society (ATS) and the European Respiratory Society (ERS) 

proposed a definition, adopted worldwide, which define a subject obstructed when 

the FEV1/VC ratio falls under the lower limit of the normal (LLN), which is the 

fifth percentile of the reference population distribution (20). 
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1.3 Airway inflammation 

 
Another key concept in obstructive lung disease is airway inflammation, which is 

not just a contributor of airway obstruction, but also a more complex phenomenon 

implicated, for example, in systemic effect of obstructive lung disease (21). From 

the clinical point of view, one of the typical symptom of airway inflammation is 

chronic cough, which is usually dry in asthma and productive in COPD. In this 

last case, if it last more than 3 months in a row and 2 years consecutively, it fulfils 

the criteria of “chronic bronchitis”. However, chronic bronchitis could be present 

without airway obstruction, while it could possible to have airway obstruction 

without chronic bronchitis symptoms (5). These features could generate some con-

fusion in COPD diagnosis and classification, especially in primary care, and this 

could explain COPD underdiagnosis by general practitioners (22,23).     

In these last years, the mechanism beyond airway inflammation in asthma and 

COPD have been studied deeply, especially because of the availability of new 

target therapies for patients with a more severe disease, not responding to common 

treatments. For asthma, these studies focused mostly on the interaction between 

innate, now recognized as a pivotal factor in starting /maintaining inflammation, 

and adaptive immunity with the two know distinct pathways Th2 and Th1, and the 

involvement of Th17 (24). As a results of these types of inflammatory response it 

would be possible to assign the subject with the disease to different inflammatory 

phenotypes, the eosinophilic one, where eosinophils are predominant in airways 

and retrievable by bronchoalveolar lavage (BAL) or induced sputum and a neu-

trophilic form, where the predominant cells in respiratory media (BAL or sputum) 

are neutrophils. Eosinophilic inflammation can be associated with the whole range 

of disease severity, from mild-to-moderate to severe uncontrolled disease, while 

neutrophilic inflammation occurs more frequently in more severe asthma (25). 
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 A simplified summary of airway inflammation in severe asthma, but applicable 

also to mild-moderate disease, is displayed in Figure 1. 

 

Figure 1. Re-used from Chung KF (24), with the permission of the publisher. 

 

 

 

For COPD, mechanisms underlying the pathogenesis of the disease are still more 

unclear, because the heterogeneity of the disease. While in the past COPD and one 

of the possible its clinical feature, chronic bronchitis, were seen as an unspecific 

chronic inflammation triggered by different stimuli (smoking, infections, environ-

mental exposure), in this last decade more attention was paid to ascertain the com-

plex interactions between innate and adaptive immunity in COPD. As a matter of 

fact, beside the innate inflammatory burst, mediated by reactive oxygen species, 

proteolytic enzymes and generic pro-inflammatory chemokines, an activation of 

the adaptive immune system, mediated through the Th1 and Th17 pathways, was 

demonstrated (26). More details on innate and adaptive response in COPD are 

provided in Figure 2.  
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Figure 2. Re-used from Brusselle GG (26), with the permission of the publisher. 

 

 

This view of the inflammatory cascade is valid for the more typical expression of 

COPD, where the Th1 and Th17 are the key patterns and neutrophils are predom-

inant. However, in 10-40% of patients with COPD eosinophils could play a rele-

vant role, and it has been recognized a specific eosinophilic pattern of COPD, 

characterized by a better response to inhaled corticosteroids and the presence of 

eosinophils in airways and blood (27). 

 
1.3.1. Methods to assess airway inflammation 

 

Airway inflammation can be evaluated sampling directly the airways or other bi-

ological media for biomarkers of airway inflammation. Beside bronchial biopsy, 
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very accurate but difficult to obtain in the routine clinical practice, there are many 

techniques used to have information about inflammation in the lung. BAL analy-

sis, as bronchial biopsies requires bronchoscopy which is rather invasive and dif-

ficult to apply in routine clinical setting, even if remain one of the more important 

diagnostic tools in the subgroup of patients with refractory asthma, to ascertain 

whether the treatment was not successful (28).  

Another, less invasive, technique, maybe the more informative after biopsies and 

BAL, is the analysis of induced sputum. Induced sputum has been used to charac-

terize and phenotype obstructive lung disease. In asthma, differential cells count 

in induced sputum is a well-known diagnostic tool (29) and in the recent years it 

has been used a lot in clinical practice to monitor the disease control and the re-

sponse to the treatment (30). In asthma research, induced sputum is used to define 

asthma endotypes by sputum inflammatory mediators analysis to better character-

ize different inflammatory pathways (31). 

Induced sputum analysis has been recognized useful also in characterizing COPD 

inflammation (32). However, induced sputum is not completely non-invasive. 

Blood eosinophilia, rather common in asthmatic subjects, have been used exten-

sively, especially in the last years, to define a specific eosinophilic phenotype in 

COPD, which seems more responsive to inhaled corticosteroids (33). 

 
1.3.1.1 Fractional exhaled nitric oxide (FeNO) 
 

Fractional exhaled nitric oxide (FeNO) is a complete non-invasive biomarkers 

used in obstructive lung disease, in particular asthma.  

Nitric oxide (NO) is an important molecule acting mainly as a vasodilator, but also 

as signalling/killing molecule in inflammation. Nitric oxide is produced in the 

whole body by specific enzymes named nitric oxide synthase (34). In the lung, 

nitric oxide plays an important role in vascular endothelial function and thus in 

pulmonary hypertension (35), but it is also released during airway inflammation 

as other nitrogen species, producing cell damage and enhancing inflammation, 

mainly through the production of reactive nitrogen species, such as peroxynitrite 

and the conversion of GTP in cGMP (36).  Nitric oxide, produced endogenously 

in inflammation process, come mainly from inducible nitric oxide synthase 

(iNOS), which is overexpressed in asthma (37). In 1991, for the first time, the 

presence of exhaled nitric oxide in humans was demonstrated (38). Since that 

many article have been published about the use of exhaled nitric oxide as a bi-

omarker of airway inflammation, including a joint official statement of ATS/ERS 

(ATS 2005) and an ATS clinical practice guideline (39). FeNO reflects mainly 

eosinophilic airway inflammation (40) and is correlated to sputum eosinophils, 

but not with lung function testing (41). The actual proposed use of exhaled nitric 
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oxide is monitoring obstructive airway disease in non-smoker, in fact current 

smoking is a strong inhibitor of iNOS (42) also in the case of environmental to-

bacco smoke (43). In former smokers FeNO concentration are not different from 

non-smokers after one year they quit smoking (44). Another strong inhibitor of 

FeNO are inhaled corticosteroids (45). These findings explain some limitation of 

FeNO as biomarker of obstructive lung disease, which can be used in particular in 

non-current smoker with a known eosinophilic inflammation (mainly asthmatics). 

However, the feasibility, the possibility to perform easily many measurement dur-

ing the same day makes FeNO a good candidate biomarker for asthma treatment 

monitoring and, recently it has been proposed as a useful tool to discriminate pa-

tients with asthma-COPD overlap syndrome from those with COPD (46) and to 

assess the response to inhaled corticosteroids in COPD patients with an eosino-

philic phenotype (47). As a matter of fact, a FeNO guided treatment is able to 

reduce exacerbation in asthmatics (48).  

Procedures to standardize the collection of FeNO have been made long ago (49) 

and nowadays all the equipment are compliant with these standards. FeNO can be 

collected at different flow rates, the more used and known is 50 ml/s and therefore 

in this case FeNO is often expressed as FeNO50. Other flow rates have been used 

more seldom and may reflect distal airway production (50). ATS produced also a 

clinical practice guideline to interpret FeNO50 values in adults and children. For 

this recommendation, a, value of FeNO50 over 50 ppb is suggestive of eosino-

philic airway inflammation, while a lower value between 25 and 50 ppb should be 

seen cautiously (39). Moreover, high concentration of FeNO50 have been recog-

nized as predictor of wheeze in longitudinal studies (51). Furthermore, even if 

ATS statement does not recommend the use of reference values (39), differences 

in gender, age and ethnicity, especially in younger subject, pushed researchers to 

produce reference ranges for exhaled nitric oxide worldwide (52, 53, 54, 55). 

 

1.4 Risk factors of obstructive lung disease 
 

Risk factors for obstructive lung disease are many and may vary between different 

diseases. Some of them, such as smoking, occupational and environmental expo-

sure, with different burden, could be cross sectional through the more common 

obstructive lung diseases (asthma and COPD). 

 
1.4.1 Smoking 
 

Smoking is the main risk factor for chronic obstructive lung disease (5) and a very 

important risk factors for asthma, especially if the exposure occurs in childhood, 
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both for mainstream or environmental tobacco smoke (56). The relationship be-

tween smoking and asthma was quite controversial and probably underestimated 

in cross sectional studies, while in recent longitudinal studies smoking has been 

recognized as a strong risk factors also for asthma (57). One explanation of many 

negative population based studies could be the so called “healthy smoker effect” 

that would select smoking habits by disease status, in other words a subject with 

childhood asthma because its disease would be less likely to start smoking (58). 

However, the same previous longitudinal study fails to show a healthy smoker 

effect (57), while in other this theory was proposed to explain the lack of associa-

tion between smoking and asthma (59). Furthermore, the effect of maternal smok-

ing on asthma incidence have been clearly demonstrated and there is increasing 

evidence that also the maternal exposure to environmental tobacco smoke could 

raise the incidence of asthmatic symptoms (wheeze) in childhood (60). 

Even if the role of active smoking in COPD is clearly demonstrated, just recently 

the positive effect of smoking cessation was highlighted. Smoking cessation 

seems to be very effective in reducing the progression of COPD and mortality in 

the approximately 50% of current smokers with COPD (61). 

In the other hand, smoking cessation in asthmatics could have beneficial effects 

(stopping disease progression toward ACOS, ameliorating symptoms and exacer-

bation rate) (62). 

The pathogenesis of smoking induced airway damage and inflammation are now 

quite clear, while is still not completely clear the role of smoking in asthma path-

ogenesis. Recent evidences suggested a role of some compounds in cigarette 

smoke, such as polycyclic aromatic hydrocarbons, which are able to modulate the 

immune response polarizing immune system toward a stronger Th2 response (62). 

If the exposure to cigarette smoke will persist over time, some evidence suggests 

that also a Th1 response could be elicited, bringing to a more neutrophilic inflam-

mation and thus to COPD and ACOS (63). The importance of smoking in asthma 

is now recognized and a phenotype of “smoking asthmatics”, characterized by 

poorer asthma control, resistance to inhaled corticosteroids and accelerated lung 

function decline, have been created (64). 

Nevertheless, the role of the interaction between smoking and other risk factor for 

obstructive lung disease remain still not completely clear. 

 
1.4.2. Occupational exposure 
 
The role of occupational exposures in causing asthma is already established and 

the population attributable risk of work related asthma, calculated in 2009, was 

16.3% (65). Many agents are implicated in the pathogenesis of work-related 

asthma. Usually they can be divided in those acting with the involvement of the 
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immune system and those acting mainly as irritants. Among the first group is pos-

sible to recognize the so called high molecular weight agents (flour, enzymes, la-

tex, etc.) which are causing asthma through an IgE mediated hypersensitivity, and 

the low molecular weight agents (isocyanates, acrylates, wood dust, etc.), which, 

apart from few exceptions (platinum salt, acid anhydrides, obeche wood, etc.) are 

causing asthma by a more complex immunological mechanism, not yet fully iden-

tified (66). Moreover, other occupational agents could cause work-related asthma 

for their generic irritant properties (cleaning agents, inorganic dust and fumes, 

etc.) capable to trigger an asthmatics response both in previously asthmatic pa-

tients, with bronchial hyperreactivity or in subjects never experiencing asthma 

(67). In this last group, the event triggering asthma is usually an acute exposure to 

high concentration of irritant substances, bringing to the so called reactive airways 

dysfunction syndrome (68). Work related asthma is usually divided two groups, 

the first group is occupational asthma, directly caused by a clear workplace expo-

sure in subject usually non-asthmatics prior the work, in this category fall mostly 

work-related asthma forms with an immunological mechanism. The second group 

is represented by work-exacerbated asthma, where the occupational exposure 

could worsen the disease, but asthma is generally pre-existent, in this category fall 

other occupational risk factors, such as irritants, environmental tobacco smoke, 

etc. (67).  

Occupational exposures are also an important risk factor for COPD and chronic 

bronchitis. Since the 19th century some authors reported that occupational expo-

sures to gas, dust and fumes could cause airway obstruction and/or chronic bron-

chitis. Analysis of mortality showed also in the last century that workers with 

dusty occupations had an increased mortality due to ”bronchitis”. Furthermore, 

Fletcher wrote 1958 that ”men who work in dusty trades, especially coal miners, 

have higher prevalence of symptoms of bronchitis and emphysema….” (69). 

However, during the following decades the focus about risk factors for COPD or 

chronic bronchitis, was almost only on tobacco smoke as a risk factor, and the role 

of occupational exposures were not take into account as it was before. After 30 

years, some new study highlights the importance of occupational exposure in 

causing deterioration of lung function tests, associated with dust exposure (70). 

Afterwards, given the reduction of smoking rates in western countries, a new in-

terest in the role of occupational exposure in COPD causation raised up and during 

the last 20 years many studies, mostly positives, have been published on this topic. 

This allowed to produce systematic reviews which have concluded that occupa-

tional exposure to gas, dust and fumes impaired the pulmonary function and/or 

increased the risk for COPD (71,72). Given one of this review, PAR for COPD or 

chronic bronchitis is 15%(71). 
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During the last 10 years, additional studies have been published, supporting the 

association between occupational exposure to gas, dust and fume and development 

of COPD, this evidence was evaluated in depth recently by other systematic re-

views (73,74).  

In the latest review (74), risk factors for occupational COPD have been identified 

and classified. Exposure to coal mine dust, silica, asbestos, refractory ceramic fi-

bers, flour, endotoxin, cadmium, carbon black, agricultural dusts (from poultry, 

animal and arable farming products and practices), dusts from rubber, cotton, 

wood, iron/steel and smelting, welding, fumes, isocyanates and other chemicals 

have been classified as risk factors for work related COPD. Occupation at risk of 

COPD by this review are farmers, cotton workers, welders, painters, railroad 

workers, coal miners and underground workers, carpenters, metal workers, con-

struction workers, cement factory workers and gold miners. 

In a more recent paper, considering the job title of a large sample of the general 

population (around 200000 subjects), also cleaners showed a rather high risk of 

developing COPD (75). 

One open problem in all the study regarding COPD and work is the exposure as-

sessment. In cohort studies, if the cohort is quite homogeneous (e.g. workers from 

the same factory), it could easier to obtain a cumulative exposure, in cross-sec-

tional studies, especially population based studies, exposure assessment is based 

usually only on questionnaire answers. For this reason, beside a self-reported ex-

posure to noxious agents, such as vapours, gas, dusts and fumes (VGDF), re-

searchers ask the participants to report all their lifetime occupational history, 

which will be translated in job titles, ready to be used with a job exposure matrix 

(JEM). A JEM is a table where experts, in fair agreement, assign for each job title 

the likelihood of the exposure to a known agents/group of agents, founding their 

decision on the scientific evidence and their own experience. In COPD studies 

some specific job exposure matrix have been used, such as ALOHA JEM (76), 

ECOJEM (77) and the NIOSH JEM (78). Unfortunately, even if more objective 

than self-reported exposure, also JEM can be biased, especially when the same 

JEM is used across the countries, regardless of specific nation-based exposure pat-

terns.  

Beside exposure assessment, in work related COPD studies there is still a lack of 

data regarding dose-effect relations and interaction between occupational expo-

sure to pollutants and tobacco smoke.  

 
1.4.3. Other risk factors 
 
Risk factors for obstructive lung disease more than smoking and workplace expo-

sures are very many. 
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For asthma, an important risk factor is the complex genetic background which 

interacts with environmental exposures (79). Other risk factors for asthma, acting 

usually at early stage of life are a family history of asthma, low birth weight, eco-

nomic and social disparities during childhood but also in adulthood, respiratory 

infections, resulting in wheezing (e.g. caused by syncytial virus) during childhood, 

overweight and obesity, nutrient/vitamin deficiency, urbanization, lack of rural 

exposure during childhood, exposure to dampness and biomass exposure (56). 

One of the more important risk factor for asthma is atopy, especially in childhood 

asthma (80). Factors usually associated with asthma are gender and age, in an age 

dependent manner (56). Chronic rhinitis is also associated with asthma and if al-

lergic usually come first (81). All these factors are playing mainly in young life, 

but some of them could also work lately in life as a risk factor of adult-onset 

asthma, in which obesity, psychosocial factors (depression), rhinosinusitis, smok-

ing, occupational exposures, lower respiratory tract infections, sex hormones, al-

cohol are the main risk factors (82). 

COPD has been considered for many years a disease or the elderly caused mostly 

by smoking. Recent evidences have shown that events early in life, as well genetic 

background, could play an important role in disease development and progression. 

As a matter of fact, having narrower airways in childhood predispose to COPD 

development late in life and factors that would influence airways are similar to 

those encountered in asthma: atopy, bronchial hyperresponsiveness, maternal ex-

posure to smoking and environmental risk factor, preterm birth, respiratory tract 

infections, indoor and outdoor environmental exposures, including passive smok-

ing (83). 

Beside smoking, occupational exposures and factors acting early in life there is a 

group of factors, that would contribute in the pathogenesis of COPD. In this group, 

the exposure to outdoor and indoor pollution, especially from burning biomass 

indoor is one of the more important factor (83). 
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2. Aims 

 
The overall aim of this thesis is to explore if a population-based study, mainly 

cross-sectional, is effective in evaluating the epidemiology of obstructive lung dis-

ease, airway inflammation and risk factors for airway obstruction. 

Specific aims are: 

 Evaluate the diagnostic accuracy of questionnaires in defining subjects 

with airway obstruction (paper I) 

 Explore the possibility that elevated FeNO at the baseline could predict 

future wheezing and asthma (paper II) 

 Set-up reference values for FeNO in the Western Sweden population (pa-

per III) 

 Assess risk factors for airway obstruction in Western Sweden population, 

focusing on smoking and occupational exposures (paper IV). 
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3. Population and methods 
 
3.1 Population 

 
This thesis is based on data of the ADONIX/INTERGENE cohort (ADult-Onset 

asthma and exhaled NItric oXide/INTERplay between GENEtic susceptibility and 

environmental factors for the risk of chronic diseases in West Sweden), a pooled 

cohort, studied between 2001 and 2008 by a baseline questionnaire, baseline lung 

function tests, baseline measurement of IgE for several allergens, baseline meas-

urement of FENO at different flow rates and a follow-up questionnaire after 5 

years from the baseline. The study was approved by the Ethical Committee of 

Göteborg University (No. 237/2000) and all subjects gave their informed consent. 

The total population enrolled in the study was a general population sample of 6685 

subjects, men and women, 25–75 years old, randomly selected from the popula-

tion register in Göteborg, Sweden, in 2001. To all of them a postal questionnaire 

and an invitation to undergo a clinical examination was sent. Because different 

aims and therefore study methods and exclusion criteria, population enrolled in 

different sub-studies will be described separately. 

 

3.1.1 Study population –Paper I 
 

The study population was recruited in 2001. 4520 subjects answered the key ques-

tion on physician diagnosed COPD, introduced just in 2004 and have performed 

correctly a spirometry. Respondents (n=315) with physician-diagnosed asthma 

were excluded, as well the 21 not answering the question regarding asthma. An-

other 292 subject were excluded due to missing information about spirometry and 

smoking habits, yielding a final number of 3892 study subjects. 

 

3.1.2 Study population –Paper II 
 

The study population comprised subjects of ADONIX/INTERGENE cohort with 

complete anthropometric data, smoking data, spirometry data and FeNO levels at 

the exhalation flow rate of 50 mL/s and 270 ml/s. Subjects with affirmative answer 

to one or more items about asthma, physician-diagnosed asthma, wheeze, asthma 

symptoms (wheeze, cough, or dyspnoea), inhaled corticosteroids treatment, phy-

sician diagnosed COPD or chronic bronchitis symptoms at baseline were ex-

cluded. Participants were followed-up after four years for the presence of new 
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onset wheeze or/and asthma, the response rate to the follow-up questionnaire was 

85%, resulting in a final study population of 3760 subjects. 

 

3.1.3 Study population – Paper III 
 

The study population comprised subjects of ADONIX/INTERGENE cohort with 

complete anthropometric data, smoking data, spirometry data and FeNO levels at 

the exhalation flow rate of 50 mL/s (n=5854). After exclusion of subject with 

asthma, chronic bronchitis, COPD, and present cold 3378 subjects were consid-

ered for the analysis. 

 

3.1.4 Study population – Paper IV 
 

The study population was based on all subjects of ADONIX/INTERGENE cohort 

who gave information about their occupation by the questionnaire, have answered 

to questions about smoking habits, asthma and other important covariates and 

have performed correctly spirometry. The final number of subject analysed was 

6153. A subset analysis was performed on 4082 subjects who answered to the 

question on self-reported exposure to VGDF. 

 
3.2 Questionnaires 
 
A specific baseline questionnaire was mailed to the ADONIX cohort and another 

one, very similar, was sent to the INTERGENE cohort, allowing finally to merge 

the cohort together. Just few questions were missing in the INTERGENE popula-

tion, such as the self-reported exposure to vapours, gas, dust and fumes. 

The questionnaire was divided in different sections, one regarding job history and 

self-reported occupational exposures, one regarding respiratory diseases and 

symptoms, one regarding smoking habits and environmental tobacco smoke ex-

posure, one regarding pharmacological treatment and finally one part regarding 

other information, such as educational level.  

Key questions in the baseline questionnaire were:  

 “Have you been diagnosed by a physician as having COPD or emphy-

sema?”, which defined the doctor-diagnosed COPD category. 

 “Have you been diagnosed by a physician as having asthma?”, which 

defined the doctor diagnosed asthma. 

 Respondents reporting cough and phlegm for at least 3 months within 1 

year for 2 consecutive years fell into the “chronic bronchitis” category.  
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 “Do you have or have you ever had asthma?” or “Have you been diag-

nosed by a physician as having asthma?”, which defined asthma (paper 

III) 

 “Do you have a cold now?” and/or “Do you have a sore throat now?”, 

which defined the category “present cold” Paper III) 

 

The questionnaire also included questions about smoking habits (never, ex, cur-

rent smoking, years of smoking, cigarettes smoked), exposure to environmental 

tobacco smoke and other respiratory symptoms such as chronic non-infectious 

rhinitis and hay fever since the age of 15 (used in paper III to define atopy). 

Sex and age were gathered by the Swedish Personal Number. 

After four years participants were invited to answer to a follow-up questionnaire 

containing other key questions, (paper II): 

 Wheeze at follow-up was defined as an affirmative answer to the item; 

“Have you ever noticed wheezing or whistling in your chest during the 

past five years?”.  

 Asthma at the follow-up was defined as physician diagnosed asthma or 

an affirmative answer to the question : “Have you at any time during the 

last five years had asthma (i.e. periodic or attacks of trouble breathing or 

shortness of breath. The problems can occur with or without cough and 

with or without wheezing)?”  

 Asthma in the last 12 months at the follow-up was defined by an affirm-

ative answer to the question: “Do you have had in the last 12 months 

asthma symptoms?”  

 Chronic bronchitis at the follow-up was defined as having cough and 

phlegm for at least 3 months within 1 year for 2 consecutive years 

 The response rate to the questions regarding paper II was 85%. 

 

3.3 Job exposure matrix 

 
Information about occupation were gathered by the questionnaire and classified 

according to ISCO-88 (International Standard Classification of Occupations) (84). 

A specific job exposure matrix (JEM) to evaluate the exposure to vapours, dust, 

gas and fumes (VGDF) was developed. In details, all occupations were assessed 

as being exposed or not by one occupational hygienist and the assessments were 

discussed with three physicians, specialists in occupational medicine until consen-

sus of this board was reached. An exposed occupation was defined based on the 

assumption that at least half of the subjects with this specific job title should have 

a probability of being exposed to vapours, or/and gas, or/and dust, or/and fumes. 
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To further classify the likelihood of exposure each occupation was rated as none, 

low (intermediate) or high likelihood of exposure, based on scientific literature 

and the specific experience of the board. 

Each subject was then classified by the occupations hold during the entire working 

life as never exposed to VGDF, ever exposed to VGDF only in occupations char-

acterized by low likelihood of exposure or ever exposed to VGDF in high expo-

sure occupations. To assess exposure duration, starting and stopping years of any 

single occupation was used. Cut of points for exposure duration were chosen ar-

bitrary in 5, 10, 15 years of exposure since percentiles of duration had different 

values between those with low and high likelihood of exposure. 

 

3.4 Clinical examination and Spirometry 

 
All the subjects underwent to a clinical examination and a spirometry, which al-

lowed also to calculate, weight, height and thus BMI. 

Before the spirometry, subjects were weighed and height was measured with sub-

jects barefoot and wearing light clothes. Spirometry was performed with a dry 

wedge spirometer (Vitalograph; Buckingham, UK) according to the ATS/ERS 

standards (85). Forced expiratory volume in 1 second and FVC were expressed in 

litres. Percentages of predicted values of lung function variables (i.e., FEV1, and 

FEV1/FVC ratio) were calculated using the European Community for Steel and 

Coal (ECSC)/ERS equation (86) for the paper I, while a specific reference equa-

tion from the same population (18) was used in paper II, III and IV. No broncho-

reversibility test with short-acting bronchodilators was performed. A FEV1/FVC 

ratio <0.7 indicates airway obstruction according to GOLD criteria (5) (paper I 

and IV) and a FEV1/FVC <1.645  residual standard deviation (RSD) below the 

predicted value was used as estimation of the LLN, which is the criterion used by 

the ATS/ERS for defining airway obstruction (86,87) paper I, II, III and IV).  

 

3.5 FeNO measurement and blood analysis 

 
FeNO was measured with a chemiluminescence analyser (NIOX, Aerocrine AB, 

Stockholm, Sweden) calibrated every second week with a certified calibration gas. 

All procedures were performed in accordance with ATS recommendations (48). 

In details, the subjects exhaled against a mouth pressure of 5 cm H2O at 50 mL/s 

(FeNO50) (paper II and III) and at 270 mL/s (FeNO 270) (paper II) for 10 seconds. 
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NO was measured between the 6th and 10th second. All measurements were per-

formed in duplicate, and a deviation of not more than 10% between the values was 

defined as acceptable 

All participant underwent to blood sampling. For the purposes of the studies in-

cluded in this thesis, blood samples were analysed with Phadiatop® (Pharmacia; 

Uppsala; Sweden). Subjects with Phadiatop class 0 were classified as non atopic 

and those with class 1 or above as atopic (88). 

 

3.6. Statistical analysis 

 

Since the four paper used for this thesis have different aims, statistical analysis 

will be described separately. 

 
3.6.1. Statistical analysis - Paper I 
 

Continuous parameters were expressed as mean ± standard deviation (SD), while 

categorical data were expressed as numbers and percentages. Sensitivity, specific-

ity, positive likelihood ratio (LR+), positive predictive values (PPVs), and nega-

tive predictive values (NPVs) have been used to define the diagnostic accuracy of 

the questions, indicating physician-diagnosed COPD against airway obstruction 

calculated by GOLD or ATS/ERS criteria, with 95% confidence intervals (CIs). 

Accuracy has been also assessed in a subgroup of the population >40 years of age, 

in subjects not reporting wheezing, and in subcategories by gender and smoking 

habits (never-smokers, former smokers, current smokers). All calculations were 

performed with SPSS 18.0 (IBM Corp., New York, NY, USA) and Simple Inter-

active Statistical Analysis (SISA) free software (89).  

 

3.6.2. Statistical analysis - Paper II 
 

In this paper the 90th and 80th percentiles for FeNO50 and FeNO270 concentra-

tions at the baseline were used as cut-off values, calculated separately per smoking 

habits.  The distribution of FeNO values was skewed, thus non-parametric test 

(Kruskal-Wallis) was used to highlight difference in FeNO in different categories. 

For other continuous variables, such as age and BMI, distributed normally, mean, 

standard deviation and t-student test were used. Categorical variables were ex-

pressed as numbers and percentages and difference studied by Chi-square test. The 

association between the 90th and 80th percentiles of FeNO values at baseline and 

onset of wheezing, asthma or chronic bronchitis at follow-up, was examined in 

logistic regression models adjusting for sex, height, age, smoking habits, airway 
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obstruction, atopy and rhinitis. The models were also separately run, according to 

smoking habits, atopy and rhinitis. All calculations were performed with SPSS 

20.0 (IBM Corp., New York, NY, USA). 

 

3.6.3. Statistical analysis - Paper III 

 

Continuous variables were expressed as median and 5th and 95th percentile. The 

FeNO50 levels were not normally distributed, therefore non-parametric tests were 

used for univariate analyses. FeNO50 was then logarithmic (ln) transformed. Dif-

ferences in age, height and atopy were significant for both females and males and 

therefore were introduced in the final nonparametric regressions (QUANTREG 

procedure in SAS). Non-parametric regression was used to obtain the estimated 

parameters for median, 5th and 95th percentiles. To test the influence of age, height 

and smoking on FeNO, we included smoking (former- or never-smoker), height, 

age and the interactions between smoking status and both age and height in the 

model. The statistical analyses were performed using SAS (Statistical Analysis 

System, version 9.3; SAS Institute Inc.; NC, USA). 

 

3.6.3. Statistical analysis - Paper IV 
 

Continuous data were expressed as mean and standard deviation (SD), whereas 

categorical data were presented as numbers and percentages. Difference in means 

were assessed by student t-test, while, differences in prevalence were assessed by 

Chi-square test. Logistic regression models were developed to assess risk factors 

of airway obstruction, stratifying for ever-smoking. The first model included age, 

gender, BMI, and exposure to VGDF (none, low, high). The second model was 

adjusted also for doctor diagnosed asthma, the third also for ETS. All models were 

replicated in a subset analysis on subjects over 50 years of age. In ever-smokers 

all models were adjusted also for current smoking. A sensitivity analysis on a sub-

set of smokers reporting correctly information on pack/years was performed. An-

other model adjusted for age, gender, BMI, ETS in the last 12 months, doctor 

diagnosed asthma, VGDF exposure duration was used to check the influence of 

VGDF exposure duration on airway obstruction. A subset analysis was performed 

on self-reported VGDF exposure adjusting for age, gender, BMI; doctor diag-

nosed asthma, ETS, and in smokers, for current smoking. All calculations were 

performed with SPSS 20.0 (IBM Corp., New York, NY, USA). 

  



 - 28 - 

4. Results 
 

4.1. Epidemiology of airway obstruction in Sweden 
 

In the sample of the Swedish population considered in this thesis with spirometry 

correctly performed (n=6153), 604 subjects (9.8%) had airway obstruction by 

GOLD criteria and 685 (10.5%) by ATS/ERS criteria. Those with obstruction 

were older, with lower BMI, more frequently ever smokers, smoking more than 

those not impaired and reported more an exposure to ETS in the last 12 months. 

Patient with doctor diagnosed asthma were more frequently obstructed. Consider-

ing the subset of who participated at the study in paper one, were subjects with 

doctor diagnosed asthma were excluded, prevalence of airway obstruction was 

lower (Table I, from paper I). 

 

 FEV1/FV

C <0.7 

n=366 

FEV1/FVC 

<1.645 SD below 

predicted 

n=163 

All 

N=3,892 

Physician-diagnosedCOPD % 5.7 9.8 0.8 

Chronic bronchitis % 4.6 7.4 2.3 

Women, % 49.2 66.9 52.5 

Age (mean ± SD), yrs 58.3±9.5 54.9±10.3 51.7 ± 10.6 

BMI (mean ± SD), kg/m2  25.6±3.9 25±3.8 26.1± 4 

Dyspnoea, % 6.3 9.2 6.3 

Wheezing, % 24.6 31.3 14.6 

Respiratory drugs 

 drugs, % 

4.6 8 1.1 

Smoking habits    

Never-smokers, % 29.8 27.6 47.7 

Former smokers, % 38.8 35.6 36.2 

Current smokers, % 31.4 36.8 16.1 

Pack/years (mean ± SD) 22.6±15.5 22.2±13.8 15±12.2 

Table 1. Characteristics of the subset of the study population used in paper I. 
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4.2 Diagnostic accuracy of questionnaire in de-

fining airway obstruction 
 

In the whole population of non-asthmatics subjects specificity and negative pre-

dictive value (NPV) of the question regarding physician diagnosed COPD or the 

questions about chronic bronchitis symptoms were high, whereas sensitivity and 

positive predictive value were low, especially for chronic bronchitis questions (ta-

ble 2, from paper I)  

 

  FEV1/FVC <0.7 

(GOLD) 

FEV1/FVC <1.645 SD 

below predicted 

(ATS/ERS) 

  Value 95% CI Value 95% CI 

Physician-

diagnosed 

COPD 

Sensitiv-

ity 
0.057 0.027–0.088 0.098 0.04–0.156 

Specific-

ity 
0.997 0.994–0.999 0.995 0.993–0.998 

LR+ 16.859 6.894–

41.228 
21.532 9.226–50.25 

PPV 0.636 0.427–0.846 0.485 0.267–0.702 

NPV 0.911 0.899–0.922 0.962 0.954–0.97 

Chronic 

bronchitis 

symptoms 

Sensitiv-

ity 
0.046 0.019–0.074 0.074 0.022–0.125 

Specific-

ity 
0.979 0.973–0.985 0.979 0.973–0.985 

LR+ 2.244 1.161–4.337 3.520 1.664–7.443 

PPV 0.189 0.086–0.292 0.133 0.044–0.223 

NPV 0.908 0.896–0.920 0.960 0.952–0.968 

Table 2. Diagnostic accuracy of the question “Have you been diagnosed by a phy-

sician as having COPD or emphysema?” and of self-reported, questionnaire-based 

chronic bronchitis symptoms to detect airway obstruction in non-asthmatics 

 
The results of the analysis in subgroups by gender, by age >40 years old, and in 

those who did not report wheezing, were similar.  

The sensitivity of the question “Have you been diagnosed by a physician as having 

COPD or emphysema?” was higher in smokers (0.087 by GOLD, 0.117 by 

ATS/ERS), compared to never-smokers (0.09 by GOLD, 0,022 by AR 
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4.3 Predictive value of FeNO for asthma and 

asthma related symptoms 
 

At the follow-up, after four years, 188 subjects presented new-onset wheeze, 107 

reported new-onset asthma or asthma symptoms and 40 new-onset chronic bron-

chitis. Higher concentrations (over 80th percentile and 90th percentile) of FeNO50 

and FeNO270, measured at baseline, were predictors of new onset wheezing in 

models adjusted for atopy, height, age, sex, rhinitis, airway obstruction and smok-

ing at the baseline (FeNO50 Table 3; FeNO270 Table 4). Stratified models for smok-

ing and atopy and rhinitis showed the highest relative risks for new onset wheezing 

among never-smokers; subjects with rhinitis showed a higher risk of wheezing 

when FeNO was higher; atopics had an increased risk of new onset wheeze if 

FeNO270 was higher (Table 3 and Table 4). In all the stratified analyses the adjust-

ment not include the variable of the stratum.  

 

Population 
FeNO50 

>90th percentile >80th percentile 

 OR§ OR° 

All subjects 1.8 (1.1-2.8)* 1.5 (1.0-2.1)* 

Stratified analyses   

Never-smokers 2.4 (1.3-4.4)* 2.0 (1.2-3.3)* 

Ex-smokers 1.3 (0.6-3.0) 1.2 (0.6-2.2) 

Current smokers 0.4 (0.1-3.0) 0.5 (0.1-2.0) 

Atopics 2.2 (1.0-4.8) 2.0 (1.0-4.0) 

Non-atopics 1.5 (0.9-2.6) 1.2 (0.8-2.9) 

Rhinitis 2.1 (1.2-3.7)* 1.6 (1.0-2.7) 

No rhinitis 1.2 (0.6-2.5) 1.1 (0.6-2.0) 

  *p <0.05; § OR compared to subjects < 90th percentile; °OR compared to sub-

jects < 80th percentile 

 

Table 3: Risk of new onset wheezing by having higher (> 90th and > 80 percentile) 

concentrations of FeNO50 at the baseline in all and in different strata 
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Population 
FeNO270 

>90th percentile >80th percentile 

 OR§ OR° 

All 2.0 (1.3-2.1)* 1.8 (1.2-2.5)* 

Stratified analyses   

Smoking   

  Never-smokers 3.3 (1.8-5.8)* 2.8 (1.7-4.7)* 

  Ex-smokers 1.0 (0.4-2.4) 1.0 (0.5-1.9) 

  Current smokers 0.6 (0.1-4.3) 1.1 (0.4-2.8) 

Atopics 3.7 (1.7-8.0)* 3.5 (1.7-7.0)* 

Non-atopics 1.4 (0.8-2.5) 1.4 (0.9-2.1) 

Rhinitis 2.2 (1.2-3.9)* 2.4 (1.5-4.0)* 

No rhinitis 1.5 (0.8-3.0) 1.2 (0.7-2.0) 

*p <0.05; § OR compared to subjects < 90th percentile; °OR compared to sub-

jects < 80th percentile 

Table 4: Risk of new onset wheezing by having higher (> 90th and > 80 percentile) 

concentrations of FeNO270 at the baseline in all and in different strata 

 

FeNO values over the 90th percentile at the baseline predict new-onset asthma, in 

particular in never smokers (table 5 and table 6).  

 

Population FeNO50 

 >90th percentile >80th percentile 

 OR§ OR° 

All 1.8 (1.1-3.2)* 1.7 (1.1-2.7)* 

Stratified analyses   

Never-smokers 2.9 (1.4-6.0)* 2.3 (1.2-4.5)* 

Ex-smokers 1.3 (0.5-3.6) 1.3 (0.6-2.8) 

Current smokers No cases 0.7 (0.1-5.8) 

Atopics 1.8 (0.8-4.2) 1.5 (0.7-3.2) 

Non-atopics 1.8 (0.8-3.8) 1.7 (0.9-3.1) 

Rhinitis 1.8 (0.9-3.7) 1.5 (0.8-2.7) 

No rhinitis 1.9 (0.8-4.6) 1.9 (0.9-3.8) 

  *p <0.05; § OR compared to subjects < 90th percentile; °OR compared to sub-

jects < 80th percentile 

Table 5: Risk of new onset asthma by having higher (> 90th and > 80 percentile) 

concentrations of FeNO50 at the baseline in all and in different strata. 
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Population FeNO270 

>90th percentile >80th percentile 

 OR§ OR° 

All 2.1 (1.2-3.7)* 1.6 (1.0-2.5) 

Stratified analyses   

Never-smokers 2.3 (1.1-5.1)* 1.9 (1.0-3.7) 

Ex-smokers 1.8 (0.7-4.4) 1.1 (0.5-2.6) 

Current smokers 1.9 (0.2-16.0) 1.6 (0.4-5.8) 

Atopics 2.3 (1.0-5.5) 1.6 (0.8-3.4) 

Non-atopics 1.9 (0.9-4.0) 1.4 (0.8-2.7) 

Rhinitis 2.1 (1.0-4.3) 1.6 (0.8-3.0) 

No rhinitis 2.0 (0.8-5.0) 1.4 (0.6-3.0) 

  *p <0.05; § OR compared to subjects < 90th percentile; °OR compared to sub-

jects < 80th percentile 

Table 6: Risk of new onset asthma by having higher (> 90th and > 80 percentile) 

concentrations of FeNO270 at the baseline in all and in different strata. 

 

FeNO higher values at the baseline did not predict new-onset chronic bronchitis. 
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4.4 Reference values of FeNO in Western Swe-

den 

FeNO50 concentrations in this sample of the Swedish population were lower in 
current smokers, compared to non-smokers or former smokers and higher in males 
than in females. Numbers are presented in table 7 (modified from table 2 of paper 
3). 

 

Females (n=1741) Males (n=1637) p value 

n 
Med-

ian 

5th  

%tile 

95th 

%tile 
N 

Med-

ian 

5th  

%tile 

95th 

%tile 

 

Never 

smokers 
868 15.7 7.8 35.7 817 19.0 9.0 44.2 <0.0001 

Ex-

smokers  
581 16.3 7.6 35.6 615 18.9 9.2 39.9 <0.0001 

Current 

smokers 
292 10.4 4.4 29.4 205 13.2 6.2 34.3 <0.0001 

All 1741 15.0 6.6 35.3 1637 18.2 8.2 41.3 <0.001. 

Table 7. FeNO values by gender and smoking. 

Subjects with atopy have higher levels of FeNO and in non-atopics FeNO in-

creased with age. As a result of quantile regression analysis, constants to predict 

FeNO values in non smokers, stratified for gender, are presented in Table 8 (From 

table 4 of paper III). 

 

 Females Males 

Intercept 0.818 1.315 

Age (years)(A) 0.0121 0.00732 

Height (cm)(H) 0.00787 0.00732 

Atopy (Yes=1, No=0)(At) 0.189 0.192 

Residual standard deviation (RSD) 0.46 0.47 

Adjusted R2 0.09 0.05 

 

Table 8. estimated normal values of FeNO by gender 
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And the equation to obtain the normal value of ln FeNO50 is 

Intercept + (A)  (age in years) + (H)(height in cm) + At(atopy:0=No; 1=Yes). 

The regression analysis among current smokers was not stable, thus the proposed 

reference values for current smokers are the outlined 95th and 5th percentiles shown 

in Table 7. The proposed upper normal value for FENO is 29.4 ppb for female 

current smokers and 34.3 ppb for male current smokers.  

 

4.5 Risk factors for airway obstruction 
 

In the study population, subjects with airway obstruction, defined using both the 

definition (GOLD and ATS/ERS) were older, more frequently ever-smoker, ex-

posed to ETS, asthmatics and underweight. Prevalence of occupational exposures 

to VGDF and airway obstruction defined by GOLD or ATS/ERS criteria, stratified 

for smoking habits and asthma are presented in table 9 and table 10 (from table 2 

and 3 of paper IV). The exposure is expressed at any level of exposure (Exposure 

column) and by exposure level. 

 

Non smokers (n=2836) 

Exposure GOLD ATS/ERS 
Exposure 

Level 
GOLD ATS/ERS 

Exposed to 

VGDF 

by JEM 

84/1478 

(5.7%) 

108/1478 

(7.3%) 

Only low 
75/1354 

(5.5%) 

96/1354 

(7.1%) 

High 
9/124 

(7.3%) 

12/124 

(9.7%) 

Unexposed 
90/1358 

(6.6%) 

104/1358 

(7.7%) 
 

90/1358 

(6.6%) 

104/1358 

(7.7%) 

Ever-smokers (n=3317) 

Exposure GOLD ATS/ERS 
Exposure 

Level 
GOLD§ ATS/ERS 

Exposed to 

VGDF 

by JEM 

269/2049 

(13.1%) 

299/2049 

(14.6%) 

Only low 
227/1825 

(12.4%) 

258/1825 

(14.1%) 

High 
42/224 

(18.8%) 

41/224 

(18.3%) 

Unexposed 
161/1268 

(12.7%) 

174/1268 

(13.7%) 
 

161/1268 

(12.7%) 

174/1268 

(13.7%) 

Table 9. Prevalence of subjects with airway obstruction and VGDF exposure by 

JEM, stratified by smoking 
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Non asthmatics (n= 5659) 

Exposure* GOLD 
ATS/ 

ERS 

Exposure 

Level 
GOLD 

ATS/ 

ERS 

Exposed to 

VGDF by 

JEM 

303/3252 

(9.3%) 

350/3252 

(10.8%) 

Only low 
257/2929 

(8.8%) 

302/2929 

(10.3%) 

High 
46/323 

(14.2%) 

48/323 

(14.9%) 

Unexposed 
207/2407 

(8.6%) 

226/2407 

(9.4%) 
 

207/2407 

(8.6%) 

226/2407 

(9.4%) 

Asthmatics (n= 416) 

Exposure GOLD 
ATS/ 

ERS 

Exposure 

Level 
GOLD 

ATS/ 

ERS 

Exposed to 

VGDF by 

JEM 

47/250 

(18.8%) 

55/250 

(22%) 

Only low 
42/226 

(18.6%) 

50/226 

(22.1%) 

High 
5/24 

(20.8%) 

5/24 

(20.8%) 

Unexposed 
39/166 

(23.5%) 

45/166 

(27.1%) 
 

39/166 

(23.5%) 

45/166 

(27.1%) 

Table 10. Prevalence of subjects with airway obstruction and VGDF exposure by 

JEM, stratified by doctor diagnosed asthma 

 

The results of the regression analysis, for the risk of airway obstruction related to 

VGDF exposure, adjusted for sex, age, BMI in non smokers is presented in table 

11 (extracted from table 4 of paper IV) 

 

Table 11. risk estimates for airway obstruction of have been exposed to VGDF in 

non smokers. 

 

The adjustment for asthma and exposure to environmental tobacco smoke did not 

change the results. 

 Smoking 

Exposure to VGDF NO (n= 2836) 

GOLD LLN 

OR (95%CI) OR (95%CI) 

No  1 1 

Only low  0.95 (0.68-1.32) 0.93 (0.69-1.25) 

High  1.16 (0.58-2.42) 1.31 (0.69-2.47) 
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In ever-smokers, the results of the regression analysis, for the risk of airway ob-

struction related to VGDF exposure, adjusted for sex, age, BMI, ever smoking, is 

displayed in table 12 (extracted from table 4 of paper IV) 

 

Table 13. risk estimates for airway obstruction of have been exposed to VGDF in 

ever-smokers. 

 

Also in ever smokers the adjustment for asthma and exposure to environmental 

tobacco smoke did not change the results. 

Stratification for age over 50 years did not change significantly the results, even 

if for those aged > 50 years risk estimates for VGDF exposure were slightly 

higher. 

In smokers, after adjustment for sex, age, BMI, doctor diagnosed asthma, ETS in 

the last year and current smoking the risk of airway obstruction related to high 

levels of VGDF exposure was higher among those exposed for more than 5 years 

(OR 2.09, 95%CI 1.26-3.47 by GOLD definition; OR 2.06, 95%CI 1.26-3.37 by 

ATS/ERS definition). A subset sensitivity analysis in smokers, adjusting also for 

pack years, confirmed these findings just on those > 50 years. Using other cut-off 

points (> 10 years, > 15 years, did not change the results). 

Using a stricter definition of airway obstruction (reduced FEV1/FVC ratio and 

FEV1 < 80% of the predicted value) did not change significantly risk estimates 

and statistics.  

The subset analysis, where the exposure to VGDF was self reported, confirmed 

that in never-smokers the risk was not significant (OR 1.21, 95%CI 0.78-1.88 by 

GOLD definition; OR 1.13, 95%CI 0.76-1.70 by ATS/ERS definition), whereas 

in ever-smokers the risk was significant (OR 1.43, 95%CI 1.09-1.89 by GOLD 

definition; OR 1.45, 95%CI 1.12-1.88 by ATS/ERS definition) 

 

 

 

 

 Smoking 

Exposure to VGDF YES (n=3317) 

GOLD LLN 

OR (95%CI) OR (95%CI) 

No  1 1 

Only low  1.09 (0.86-1.37) 1.14 (0.92-1.42) 

High  1.74 (1.15-2.62) 1.59 (1.07-2.37) 
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5. Discussion 
 

5.1 Epidemiology of airway obstruction and diag-

nostic accuracy of questionnaire to detect airway 

obstruction 
 

In this population, the prevalence of airway obstruction is similar to other studies 

performed in Northern Europe and Europe (90,91).  

The question “Have you been diagnosed by a physician as having COPD or em-

physema?”, commonly used in population-based epidemiological studies, in this 

population had a low sensitivity and high specificity to detect significant airflow 

obstruction according to both definition of airway obstruction (GOLD and 

ATS/ERS), as well as a rather high positive likelihood ratio and reasonable posi-

tive predictive value. These results suggest that if a subject answer affirmatively 

to this question, the risk of not having an airway obstruction in this subject is very 

low. Unfortunately, the very low sensitivity suggests that this question cannot be 

used to catch all the subjects with airway obstruction. This finding depends mostly 

the well-known underdiagnosis of COPD by physicians (92). The sensitivity of 

COPD question in catching airway obstruction is lower than the question “Have 

you been diagnosed by a physician as having asthma?” in defining asthma cases 

(93). However, the high specificity could be useful in epidemiological study, be-

cause those reporting a diagnosis of COPD or emphysema present a very high 

likelihood to have an airway obstruction. because asthma is more widely known 

to patients and physicians than COPD. Other studies have used mixed questions 

do detect subjects at risk of airway obstruction, showing better accuracy than the 

single question used in our study, but the specific aim of those studies was just 

defining a set of questions to define subjects with airway obstruction (95/96), 

while we had just that question, making any comparison impossible. The accuracy 

of questionnaire questions in detecting airflow obstruction did not differ between 

men and women. The question used to detect airway obstruction in this study 

showed higher sensitivity in detecting COPD in smokers. This result is expected 

and could be related to the tendency of physicians to make a COPD diagnosis if 

the patient is a smoker (97). Even if subjects with a diagnosis of COPD overlap 

poorly with those reporting chronic bronchitis symptoms, the diagnostic accuracy 

of chronic bronchitis symptoms was similar to the questionnaire question, sug-

gesting that physicians have made the diagnosis of COPD only in the few with 

chronic bronchitis symptoms who had also a clear airway obstruction, but also in 

this case questions about chronic bronchitis cannot be used to detect airway ob-

struction. Given the poor overlap, also a combined mix of questions containing 

the question on COPD diagnosis and chronic bronchitis symptoms is not useful in 

this population.  
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5.2 Role of FeNO in predicting wheezing and 

asthma 
 

In this thesis baseline FeNO, at different flow rates (50 ml/s and 270 ml/s), pre-

dicted the onset of wheezing and asthma after a follow-up period of 4 years. This 

finding is a confirm of a previous smaller study made in the same population. In 

that study, given the smaller size of the population, asthma was not considered 

and data on FeNO at higher flow rate was not available (51). 

The association of previous high levels of FENO at high flow rate (FENO270) and 

a further development of wheezing suggests that the early inflammatory changes, 

leading finally to airway obstruction, would happen also in the distal airways. As 

a matter of fact, FeNO at higher flow rate, in non-symptomatic, non- obstructed 

subjects reflects the part of exhaled nitric oxide not influenced by the larger prox-

imal airways (98). Moreover, although wheezing could be expression of an ob-

struction in any section of the airways, in children it is often a hallmark of non-

asthmatics small airways diseases, such as bronchiolitis (99). In smokers, given 

the strong influence of smoking on iNOS (100), FeNO was not a significant pre-

dictor of new onset wheeze or asthma at any flow rate. However, since the effect 

of smoking could be reversible after quitting smoking habits (44), it could be very 

interesting in the future, given a larger population, to repeat the analysis separating 

former smokers from current smokers.   

In this study, FeNO is better predictor of wheezing in atopics than in non-atopics, 

especially at higher flow rates. This a confirm that FeNO is a good predictor of 

many condition related to atopy, such as allergic rhinitis (101). Adjusting for rhi-

nitis in the regression model reduced the risk that rhinitis could be a confounder 

of the effect of FeNO on new-onset wheezing and asthma. However,  

the higher risk estimates for wheezing in subjects with higher levels of FeNO and 

rhinitis confirm the interaction between upper and lower airways found in longi-

tudinal studies, also in adults. Higher FENO50 is associated to higher risk of more 

symptomatic new-onset asthma, confirming that higher FeNO is correlated to less 

controlled eosinophilic asthma (102).  
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5.3 Reference values for FeNO  
 

In this thesis, given the influence of sex, age and height on FeNO, upper and lower 

limits of the normal were set up, based on sex, height and age. 

The normal values proposed for non-smokers and former smokers were the same, 

because these two categories showed the same distribution of FeNO levels. The 

influence of smoking on FeNO was significant, this expected finding and the num-

ber of current smokers made the regression model in current smokers very unsta-

ble and therefore the proposed cut-off limits were based on the univariate 

distribution of FeNO. This could be important, since evidence of a role of high 

level of FeNO in respiratory disease is increasing (103). Even if the ATS docu-

ment on FeNO interpretation (39), is suggesting to use cut-off points than refer-

ence values, this recommendation was defined weak and had a low quality of 

evidence, because the cut-of points for children and adults were not based on very 

strong studies. For this reason, defining normal values will help to determine what 

is not normal, beyond a simple cut-off value. The results indicate that the upper 

limits of normality in this sample of the general population can be very different, 

for example, between a young woman without atopy (around 22 ppb) and an el-

derly man (over 50 ppb). The upper limit of normal calculated in this study are 

substantially lower than the upper limits for diagnosing eosinophilic airways in-

flammation, suggested by The American Thoracic Society, which is 50 ppb (39). 

Because our cut-off limits are based on the upper 95th percentiles, it is normal that 

our limits are lower. Other studies have assessed reference values for FeNO, the 

National Health and Nutrition Examination Survey (NHANES) 2007-2010 rec-

ommended cut-off values for diagnosing asthma for persons aged 12 to 80 years 

of 39 ppb; also in this case this value is based on the 95th percentile (39). The 

methodology used in NHANES was different from the present thesis, and the final 

regression model included also race, smoking and passive smoking.  

From the present results, we can also conclude that there are consistent differences 

between males and females, which differ from our previous findings based on 

fewer subjects (51), probably because of the smaller sample size.  

In current smokers, we proposed reference values, which, given the influence of 

smoking on FeNO, was seldom a matter of studies, giving to our findings origi-

nality. In our proposed sex-specific fixed cut-off limits based on a univariate anal-

ysis, the upper 95th percentile for female and male current smokers was 29.4 ppb 

and males 34.3 ppb, respectively, meaning that high a FENO level among current 

smokers may be of clinical relevant, as previously proposed (103).    
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5.4 Smoking and occupational risk factors for air-

way obstruction. 
 

In this thesis, performed on a large sample of the Swedish population, in ever 

smokers with a high likelihood of exposure to VGDF, the risk of airway obstruc-

tion was higher, in particular in older workers. However, in non smokers, an effect 

of occupational exposure was not observed. These findings are analogous to those 

reported on a similar smaller population of Norwegians by Bakke et al in early 

nineties (104). Other studies, collected in recent reviews (73,74), have addressed 

the role of workplace exposure in synergy with smoking on airway obstruction. In 

other study, performed in an older population, there was not an association be-

tween airway obstruction and VGDF exposure in non-smokers, while in smokers 

the risk of airway obstruction in those exposed to VGDF was high and almost 

twice compared to smokers not exposed (105). The interaction between smoking 

and occupational exposure to VGDF has been already demonstrated to be more 

than additional (106). Maybe, this finding could be explained by the possible in-

teraction between smoking and occupational exposure in enhancing specific net-

works, as the matrix metalloproteinases. As a matter of fact, MMP-8 and MMP-

9, two important collagenases, are considered two key metalloproteinases in 

COPD pathogenesis, proposed as smoking induced damage biomarkers in blood 

and induced sputum (107); recently MMP-8 and MMP-9 have been found elevated 

in sputum and blood of smelters exposed to fumes and mineral dust, also in non 

smokers, compared to a control of non-exposed subjects (108). In this study, in 

smokers, a longer exposure duration at workplaces at high likelihood of VGDF 

exposure was associated with a higher risk of airway obstruction. Nevertheless, in 

tunnel workers, heavily exposed to mineral dust, the exposure duration, especially 

between 10-20 years, more than > 20 years, has a significant impact on the prev-

alence of airway obstruction (109). This finding, more consistent in older subjects 

(data nor shown), could help to strengthen the role of occupational exposure in 

contributing, beside tobacco smoke, to airway obstruction. This finding of the in-

creased risk of airway obstruction in older smokers exposed to VGDF, could sug-

gest that older workers had longer exposure, but also more time for disease 

progression up to became a clear obstruction at lung function test. Furthermore, 

older workers could have been exposed to VGDF when exposure levels were prob-

ably well above the concentrations which younger workers have experienced in 

the last decades. In an older study Davison et al. shown that airway obstruction 

was significantly associated with year when started the exposure to cadmium (pre-

1951, 1951-1970, post-1970) (110) 
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Whereas the risk of airway obstruction, exposed to occupational risk factors, have 

been demonstrated in other population, another more recent Northern European 

study, where the exposure was self-reported, the risk of airway obstruction related 

to VGDF in non-smokers was demonstrated (111). Unfortunately, in our survey 

just 2/3 of the entire sample answered to the specific question on self-reported 

VGDF exposure, making arguable this information. Anyway, a subset analysis on 

those answering to that question, did not revealed an increased risk of airway ob-

struction in non-smokers self-reporting VGDF exposure. Moreover, in this sub-

analysis, in ever smokers, an increased risk of airway obstruction in those report-

ing VGDF exposure was present, confirming the finding of our previous analysis 

based on job exposure matrix.  

 

5.5 Validity issues 
 

In this study, only pre-bronchodilator spirometric data was available. Because the 

GOLD guidelines give a FEV1/FVC ratio of <0.7 as cut-off point to diagnose 

COPD, based on post-bronchodilator data, and the American College of Chest 

Physicians, American College of Physicians, ATS, and ERS define COPD as a 

disease characterized by an airflow obstruction not fully reversible (112), this 

could be considered one limitation of this thesis if our results would be used also 

to study the diagnostic accuracy of the question regarding COPD, bearing to an 

overdiagnosis of COPD. Nevertheless, in another, similar study, a pre-bronchodi-

lator FEV1/FVC ratio was used (113) and it is known that the bronchodilator re-

sponse suffers from a lack of reproducibility (114,115), being influenced by 

smoking habits and other parameters (116), and failed to discriminate between 

asthma and COPD (115, 117). The choice of using the European Community for 

Steel and Coal (ECSC)/ERS equation (86) to calculate LLN could be another lim-

itation, since it will not take in consideration the non-linear decline of FEV1 re-

lated to the age.  Unfortunately, reference values for this population were not 

available at the time the study. However, the aim of this study was to assess the 

diagnostic accuracy of a questionnaire and, to make our results comparable and 

applicable in clinical and epidemiological practice, we had to rely on those meth-

ods still most widely used, despite some limitations. 

In the analysis of the predictive value of FeNO, the choice of using the 80th and 

the 90th percentile to define subjects with higher levels of FeNO is based on our 

previous experience (51) where 90th percentile was enough to clear cut a higher 

risk of new onset wheezing. Another cut point was set at 80th percentile, finding 

almost the same results of the 90th percentile. Another point, reported also in our 

previous smaller survey, was the choice of the follow-up time. Maybe it would 

have been better to use several follow-up point, for example yearly, to avoid recall 
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bias in those with mild wheezing after a rather long times (4 years) who can forget 

to report mild wheezing episodes. However, it seems very difficult to find a reason 

why those who are underreporting will differ in FeNO value with those reporting 

wheezing. The rationale for asking about wheeze the last five years instead of the 

last 4 years was to catch all new-onset wheeze, even if the subjects may be uncer-

tain of the exact year for the onset. In any case those who were reporting wheezing, 

asthma-symptoms, asthma at the baseline were excluded, reducing the risk of mis-

classification.  

There could have been some false negative, who not report asthma, asthma-symp-

toms and wheezing at the baseline. They could influence further analysis if they 

report new onset wheeze, since wheezing at the baseline is associated with higher 

FeNO (44). We presumed that this bias would be more prominent for those report-

ing new onset wheezing the first year after the baseline. For this reason, we per-

formed a separate analysis without those reporting new onset wheeze the first year 

after the baseline, obtaining the same results with wheezing predicted by FeNO at 

different flow rates. 

The main limitation of the study about risk factors for airway obstruction is the 

lack of information about other environmental exposure than the occupational.  

Unfortunately we had no enough data on modelled exposure to toxic gases or par-

ticulate matter. The geocoded information on distance to dense traffic road, used 

in the same population previously (118), were referred just to current address, 

whereas airway obstruction could be also related to a more chronic exposure, 

dated back in the past, when we do not have information. 

Another limitation of this thesis in the part regarding causation of airway obstruc-

tion is the high number of missing information regarding amount and duration of 

smoking exposure and self-reported exposure to VGDF. However, the sensitivity 

analyses regarding these aspects have shown similar results when the analysis 

have been adjusted for pack/years and similar risk estimates and statistical signif-

icance when JEM derived VGDF exposure was replaced by the self-reported one. 

Furthermore, another limitation could be considered the use of pre-bronchodilator 

spirometry to define airway obstruction. It is clear that pre-bronchodilation spi-

rometry could overestimate the number of subjects with airway obstruction. Any-

way, the objective of this study was not to identify a pure COPD phenotype, but a 

broader category of airway obstruction, including also those with a previous phy-

sician diagnosis of asthma. As a matter of fact, many of the most important studies 

considered in the main recent reviews on COPD (73, 74) were done without post-

bronchodilator data. Recently, it was demonstrated that pre-bronchodilator airway 

obstruction can be used to identify the large majority of post-bronchodilator air-

way obstructions (119). 
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6. Conclusions 
 

This thesis showed that population based studies, despite some limitations, are still 

suitable to answer questions regarding the epidemiology of obstructive lung dis-

eases, airway inflammation and causation of airway obstruction. 

 

One main finding is that epidemiological questionnaires, when is used a single 

question to define COPD, are not useful to define subjects with airway obstruc-

tion, because the known underestimation of obstructive lung diseases among the 

population and the medical community. However, for epidemiological purposes, 

a subject with a physician diagnosis of COPD reported in the questionnaire has a 

very high likelihood of airway obstruction. 

 

Another interesting finding is the role of FeNO in detecting early airway inflam-

matory diseases and airway associated symptoms such as wheezing. It is rather 

clear that, elevated levels of FeNO have to raise the attention of health care per-

sonnel on further eosinophilic airway diseases, even if the subject, at present, is 

not symptomatic. Therefore, in this thesis, reference values for nitric oxide were 

set-up, with the definition of abnormal values for our population, also in current 

smokers, covering the grey area of the use of FeNO in smokers. 

 

Finally, in this population occupational exposure to vapours, dust, gas and fumes, 

seems to have an effect just when in combination with current or former smoking. 

This effect was more prominent in those working longer exposed to VGDF. 
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7. Future perspectives 
 

Large population-based epidemiological studies, despite some limitations and 

considerable costs, are still very useful to have a picture of the population, which 

is needed to plan further preventive and therapeutical intervention. 

In this viewpoint, follow-up of these large cohorts from rather small catchment 

areas, such as ADONIX-INTERGENE cohort, are very interesting and could 

strengthen the role of risk factors in causing disease, adding the longitudinal view 

that in causation perspective is more robust than cross-sectional design, especially 

for chronic multifactorial disease. Moreover, follow-up could also give important 

information regarding intervention made at the population level (e.g. smoking ces-

sation campaigns) or at the individual level (e.g. prevention of an occupational 

exposure, treatment of a disease).  

However, the typical epidemiological approach which was used in this thesis, has 

to take into account newer methodologies available, such as gene-environment 

interactions. As a matter of facts, many genes have been associated to a higher 

susceptibility to respiratory diseases and other chronic diseases. Furthermore, a 

key point to consider in the development of a chronic multifactorial disease, is 

also the socio-economical background of the population under study. The socio-

economical background is not only different education and wealth status, but also 

social inequalities, gender issues, language barrier and differences in health care 

access, which have always to be considered. In this perspective the role of actual 

and previous occupational exposure is still very important and partially neglected, 

because of the rapid economic changes in Europe in the last decades, which 

brought the public opinion and health care providers to consider actual workplace 

safe. Unfortunately, new occupational risk factors, aging workforce and progres-

sive reduction of surveillance need an immediate action to prevent old and new 

work-related diseases. Large population based studies could help to highlight this 

trends, helping to focus preventive intervention.   
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