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Abstract  

Background 

Chronic obstructive pulmonary disease (COPD) is common. The estimated 

prevalence is about 10% among adults, but varies largely dependent on the major 
risk factors age and smoking. Under-diagnosis of COPD is substantial and is 
related to disease severity. Thus, subjects with mild to moderate COPD are 

underrepresented in medical registers among health care providers as well as in 
national registers. Post- bronchodilator (BD) spirometry is mandatory for the 
diagnosis of COPD, but not sufficient to assess and manage COPD. Phenotyping 
based on spirometry and clinical manifestations can make it easier to apply 

individual assessment of subjects with COPD. COPD is a systemic disease with 
pulmonary and extra-pulmonary manifestations and comorbidities are common. 
Comorbidities most probably contribute to the observed increased mortality 
among subjects with COPD, however, the impact of comorbidities on mortality 

and causes of death among subjects with mild to moderate COPD is unclear. 
Furthermore, there seems to be sex-dependent differences with regard to 

susceptibility to risk factors, clinical manifestation and outcomes. 

Aim  

The overall aim of this thesis was to identify and characterize clinical relevant 
COPD phenotypes in population-based studies, using spirometry together with 

clinical characteristics such as respiratory symptoms, exacerbations, and 
comorbidities, and their impact on mortality and further, also cause of death.  

Methods  

This thesis is based on data from the Obstructive Lung Disease in Northern 
Sweden (OLIN) COPD study. The study population was recruited in the years 

2002-2004, when all 993 individuals with (FEV1/VC<0.70) were identified after 
examinations of population-based cohorts, together with age- and sex-matched 
non-obstructive referents (n=in total 1,986). In this thesis, cross-sectional data 
from recruitment were used together with mortality data from the Swedish Tax 

Agency from the date of recruitment in 2002-2004 and onwards. Data on cause 
of death was collected from the Swedish National Board for Health and Welfare 
register for all deaths until 31 December 2015. Spirometry was used to identify 
the following spirometric groups, in paper I: Non-COPD (FEV1/VC≥0.70); COPD 

(pre- BD FEV1/VC<0.70); in paper II: Non- obstructive (FEV1/VC≥0.70), Pre- 

not post-BD obstructive (pre- not post-BD FEV1/VC<0.70); COPD (post-BD 
FEV1/VC<0.70); In paper III: Normal Lung Function (NLF, FEV1/VC≥0.7 & 

FVC≥80% predicted), COPD (post BD FEV1/VC<0.70) and Lower Limit of 
Normal COPD (LLN-COPD, the LLN criterion applied among those with COPD); 
in paper IV: NLF and COPD defined as in paper III, and Restrictive Spirometric 
pattern (RSP, FEV1/VC≥0.70 & FVC<80% predicted). The OLIN-COPD study 
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and collection of data on causes of death were approved by the regional ethical 

committee at Umeå University.  

Results 

Paper I: Subjects with COPD had more productive cough than non-COPD, and 
men more than women. Productive cough increased the risk for exacerbations in 
COPD and non-COPD and productive cough was associated with worse survival 
in both groups. In adjusted models (HR;95%CI) the increased risk for death 

associated with productive cough among those with COPD persisted (1.48;1.13-
1.94) when compared with non-COPD without productive cough, significantly so 
also among men with COPD (1.63;1.17-2.26), but not among women (1.23;0.76-

1.99). 

Paper-II: Pre-BD spirometry misclassified every fourth subject as having COPD. 
Subjects with pre- but not post-BD obstruction were similar to subjects with 

COPD regarding reported ‘any respiratory symptoms’, asthma before the age of 
40, exacerbations, and comorbidities. The cumulative mortality among subjects 
with pre- not post-BD obstruction was similar to among subjects in the non-
obstructive group, still, the survival was better than among those with COPD. The 

increased risk for death for COPD persisted also in an adjusted model (1.24; 1.04-
1.49) when compared with the non-obstructive group, and the pattern was similar 
among men and women (1.27; 1.00-1.60 and1.24; 0.92-1.13). 

Paper III: Men with COPD had more CVD and DM compared to women, while 
anxiety/depression (A/D) was more common among women than men in all 
spirometric groups. Men had a higher cumulative mortality than women in all 
groups. However, CVD seemed to have a greater impact on mortality among 

women than men, while anxiety/depression increased the risk for death similarly 
in both sexes. The use of the LLN criterion did not change the observed pattern. 

Paper IV: CVD was the most common cause of death in all spirometric groups, 

NLF, RSP and COPD, followed by cancer. Those with COPD and RSP had a 
similar and higher cumulative mortality than those with NLF. RSP and COPD had 
an increased risk for CVD death and respiratory death, independent of age, sex, 

smoking habits and BMI-category, however, the increased risk for CVD death did 
not reach statistical significance in RSP. In all the groups, the risk for deaths due 

to cancer was similar, however, lung cancer was more common in COPD than in 
NLF and RSP. The pattern was fairly similar among men and women.  

Conclusions  

Simple diagnostic procedures like history of respiratory symptoms, 

exacerbations, and comorbidity can, together with spirometry, contribute with 
important clinical classification of prognostic importance. Productive cough 
increased the risk for exacerbations in both COPD and non-COPD. The highest 
risk for exacerbations and death was observed among subjects with COPD and 

productive cough. It was impossible to distinguish COPD from those with pre- 



 

vii 

not post-BD obstruction based on the history of respiratory symptoms, asthma, 

exacerbations and comorbidities. Still, COPD was associated with an increased 
risk for death while pre- not post-BD obstruction had better survival than COPD 
but similar as non-obstructive. There were sex-dependent differences regarding 

comorbidities and mortality. CVD was less common among women but had a 
greater impact on mortality compared to among men while A/D, less common 
among men, increased the risk for death similarly in both sexes. CVD and cancer 
were the most common causes of death in all spirometric groups. RSP had a 

similar and higher mortality as COPD when compared with NLF. The risk for 
cancer-related death was similar in all groups, while the results indicated that 
COPD and RSP had an increased risk for CVD and respiratory death. 
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Abbreviations 

A/D Anxiety/depression 

ATS American Thoracic Society 

BD Bronchodilator 

BMI Body mass index 

BOLD Burden of Obstructive Lung Disease 

CAT COPD Assessment Test 

CI Confidence interval 

CVD Cardiovascular disease 

DM Diabetes mellitus 

ECRHS European Community Respiratory Health Survey  

ERS                    European Respiratory Society 

FEV1 Forced expiratory volume during 1 second 

FVC Forced vital capacity 

GOLD Global Initiative for Chronic Obstructive Lung Disease 

HD Heart disease 
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LLN Lower limit of normal 

mMRC Modified Medical Research Council 

NHANES The National Health and Nutrition Examination Survey 

NHLBI National Heart, Lung and Blood Institute 

NLF Normal lung function 

OLIN Obstructive Lung Disease In Northern Sweden 

OR Odds ratio 

Prc Productive cough 

RSP Restrictive spirometric pattern 

SPSS Statistical Package for the Social Sciences 

SD Standard deviation 

VC Vital Capacity 

SVC Slow Vital Capacity 
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Enkel sammanfattning på svenska 

Introduktion 

Kronisk obstruktiv lungsjukdom (KOL) är en folksjukdom som förekommer hos 

cirka 10% i den vuxna befolkningen. Förekomsten (prevalensen) varierar dock 
och är framförallt beroende av ålder och rökning. Underdiagnostiken av KOL är 
betydande och är relaterad till sjukdomens svårighetsgrad. Upp till 70 % av dem 

med KOL är inte identifierade inom hälso- och sjukvården. Även feldiagnostik är 
vanligt, nästan lika vanlig som underdiagnostik. Personer med lindrig till måttligt 
svår KOL är särskild sårbara för under- och feldiagnostik. Det förefaller finnas 
betydelsefulla könsskillnader vad gäller känslighet för riskfaktorer som rökning 

samt kliniska sjukdomsuttryck och prognos vid KOL. Det krävs 
lungfunktionsmätning (spirometri) efter luftrörsvidgande läkemedel 
(bronkdilatation (BD)) för att påvisa kvarstående luftrörsförträngning 
(luftvägsobstruktion) vid diagnostik av KOL. Spirometri görs i allt för liten 

omfattning hos personer med misstänkt KOL, och vid undersökning med 
spirometri, det är inte ovanlig att den genomförs utan luftrörsvidgande 

mediciner. Det krävs mer än enbart spirometri för korrekt handläggning 

(utredning och behandling) av personer med KOL. Kliniska sjukdomsuttryck 
(fenotyper), baserade på spirometri och kliniska uppgifter om exempelvis 
luftvägssymtom och uppgift om försämringsperioder (exacerbationer) kan 
underlätta bedömning av KOL och tillämpning av individualiserad handläggning 

vid KOL. Enkel klinisk fenotypning skulle vara tillämpningsbar i det daglig 
kliniska arbetet. Samsjuklighet (komorbiditeter) är vanliga vid KOL och bland 
dem är hjärt- och kärlsjukdomar vanligast. Komorbiditet bidrar förmodligen till 

den ökade dödligheten som har observerats hos personer med KOL, men det är 
oklart vilken betydelse komorbiditeter har för mortalitet framförallt bland 
personer med lindrig och måttligt svår KOL samt vilka som är de vanligaste 
dödsorsakerna.  

Syfte  

Det övergripande syftet med denna avhandling var att identifiera och 

karakterisera kliniska fenotyper av KOL i en befolkningsbaserad studie med hjälp 
av spirometri och enkla kliniska uppgifter såsom förekomst av luftvägssymtom, 
exacerbationer och komorbiditet, samt värdera deras betydelse i relation till 
mortalitet och dödsorsaker.  

Metod 

Avhandlingen utgår från en befolkningsstudie i norra Sverige där en 

långtidsuppföljning av personer med och utan KOL pågår inom ramen för det 
epidemiologiska forskningsprogrammet Obstruktiv Lungsjukdom i Norrbotten  
(OLIN) studierna; OLINs KOL-studie. Efter kliniska undersökningar av 
populationsbaserade kohorter under åren 2002-2004 identifierades alla (n=993) 

individer med luftvägsobstruktion (FEV1/VC <0.70) tillsammans med lika många 
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ålders- och könsmatchade referenspersoner utan luftvägsobstruktion, totalt 

n=1986. Tvärsnittsdata från undersökningstillfället vid rekryteringen under åren 
2002-04 har använts i samtliga fyra delarbeten, tillsammans med mortalitets 
data från Skatteverkets folkbokföringsregister. Dödsorsakuppgifter har erhållits 

från Socialstyrelsens dödsorsaksregister för alla som avlidit fram till den 31 
december 2015. Följande spirometriska grupper har identifierats; delarbete I: Ej 
KOL (FEV1/VC≥0,70); KOL (pre-BD FEV1/VC<0,70), delarbete II: Icke 
obstruktiv; obstruktiv före men inte efter BD (pre- not post BD obstruktiv); KOL 

(post-BD FEV1/VC<0.70), delarbete III: Normal lungfunktion (NLF, FEV1/VC≥ 
0,70 & FVC≥80% av förväntat värde), KOL (post-BD FEV1/VC<0,70) och KOL 
enligt Lower limit of normal (KOL enligt LLN; femte percentilen av normalvärde 
för post-BD FEV1/VC<0,70), delarbete IV: NLF och KOL definierat som i 

delarbete III, Restriktivt spirometriskt mönster (RSP, FEV1/VC≥0,70 & 
FVC<80% av förväntat värde). KOL-studien och inhämtande av uppgifter om 
dödsorsaker från dödsorsaksregistret är godkända av den Etiska kommittén vid 

Umeå universitet.  

Resultat 

Delarbete I: Produktiv hosta var mer vanlig förekommande bland personer med 

KOL än bland dem som inte hade KOL, och framförallt bland män. Produktiv 
hosta ökade risken för exacerbationer hos både personer med och utan KOL och 
i båda könen.  Produktiv hosta var även förknippat med sämre överlevnad bland 

både dem med och utan KOL.  

Den ökade risken för död (HR;95%CI) bland dem med KOL och produktiv hosta 

jämfört med dem utan KOL och utan produktiv hosta, kvarstod oberoende av kön, 

ålder, rökvanor och förekomst av hjärtsjukdom (1,48;1,13-1,94). Den förhöjda 
risken var signifikant bland män med KOL (1,63;1,17–2,26), men inte bland 
kvinnor med KOL (1,23;0,76–1,99).   

Delarbete II: Spirometri utan bronkodilatation medför att varje fjärde person fel-
klassificeras som obstruktiv. Personer med luftvägsobstruktion före men inte 
efter BD kunde inte skiljas från personer med KOL, vad gäller förekomsten av 
några luftvägssymtom, astmadiagnos före 40 års ålder, exacerbationer och 

förekomsten av komorbiditeter. Dock hade de bättre överlevnad i jämförelse med 
dem med KOL och överlevnaden var på samma nivå som hos dem utan KOL. De 
med KOL hade 24 % ökad risk för död, jämfört med dem utan KOL, oberoende 
av ålder, kön, rökvanor, BMI och komorbiditet och detta riskmönster var likartat 

bland män och kvinnor.   

Delarbete III: Hjärtkärlsjukdomar var en större riskfaktor för död bland kvinnor, 
trots att de var mer vanligt förekommande bland män. Ångest/depression var 

vanligare hos kvinnor än hos män i alla spirometriska grupper, men det var en 
lika stark riskfaktor för död bland män och kvinnor. Män hade dock 
genomgående sämre överlevnad än kvinnor i alla spirometriska grupper. 

Mönstret var likartat också när KOL definierades enlig LLN-kriterierna.   
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Delarbete IV: Hjärtkärlsjukdomar var den vanligaste dödsorsaken i alla 

spirometriska grupper, NLF, RSP och KOL, följt av cancersjukdomar. Personer 
med KOL och RSP hade en likartad och ökad mortalitet, jämfört med dem i NLF-
gruppen. Personer med RSP och KOL hade en ökad risk för att dö av sjukdomar 

i andningsorganen jämfört med dem i NLF-gruppen, oberoende av ålder, kön, 
rökvanor och BMI. De med KOL och RSP hade också en ökad risk för död i 
hjärtkärlsjukdomar där dock riskökningen för dem i RSP inte nådde statistisk 
signifikans. Risk att dö till följd av cancersjukdomar var lika stor i alla 

spirometriska grupper. I analyser genomförda separat bland män och kvinnor var 
mönstren likartade.  

Slutsatser 

Enkla kliniska uppgifter om luftvägssymptom, exacerbationer och komorbiditet 
kan tillsammans med spirometri användas vid klinisk fenotypning av prognostisk 
betydelse hos män och kvinnor med KOL.  

Produktiv hosta ökade risken för exacerbationer hos män och kvinnor, både med 
och utan KOL.  Den största risken för exacerbationer och död observerades hos 
personer med samtidig KOL och produktiv hosta. 

Spirometri utan bronkodilatation orsakade en betydande felklassificering av 
KOL. Uppgift om luftvägssymtom, exacerbationer och komorbiditet kan inte 

ersätta spirometri efter bronkodilatation för att ställa rätt diagnos. Dessutom har 
rätt diagnos prognostiskt betydelse, då endast de med KOL hade en ökad risk för 
död jämfört med dem utan KOL. 

Trots att hjärtkärlsjukdomar var mindre vanliga bland kvinnor än bland män, 

föreföll de vara en starkare riskfaktor för död bland kvinnor. Ångest/depression 
var vanligare bland kvinnor än bland män, men ökade risken för död likvärdigt i 
båda könen. Hjärtkärlsjukdomar och cancer var de vanligaste dödsorsakerna i 
alla spirometriska grupper. Personer med RSP och KOL hade en likvärdig och 

högre mortalitet än dem med NLF. Resultaten indikerar att de med KOL och RSP 
hade en ökad risk för död av hjärtkärlsjukdomar och sjukdomar av 
andningsorganen jämfört med NLF, medan risken att dö av cancer var densamma 

i alla grupperna. 
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Introduction  

The cell's ability to utilize the otherwise toxic element oxygen played a crucial role 
in the evolution from microorganisms to complex biological systems of species 

like mammalians and birds. Tissues and organs have a high oxygen demand, and 
this demand was difficult to satisfy using the atmosphere containing 21% oxygen. 
Millions of years of evolution resulted in respiratory and circulatory systems able 
to deliver substantial concentrations of oxygen to the tissues.   

The lungs are the organs responsible for respiration and the conducting system 
(airways) is covered by respiratory epithelium. Cilia are hair-like complex 
projections on cells, and ciliated cells are present already in the nasal  cavity and 

in airways, cilia move microbes and debris on the mucous membrane upwards. 
The respiratory epithelium was once thought to be mainly a physical barrier, but 
nowadays it is acknowledged as a delicate, unique and complex position to 
translate gene-environment interactions. The respiratory epithelium and cilia are 

widely exposed to the external environment. They have a tremendous capacity to 
regenerate following damages due to internal and external factors, however, non-

reversible changes may be a part of underlying disease mechanisms and develop 

into manifest disease. Some subjects may be more susceptible to develop 
irreversible damage to the respiratory system, for example, individuals with 
hereditary alfa-1-antitrypsin deficiency, since this enzyme is important for the 
ability of the lung to regenerate after exposure to hazardous substances.     

The main function of the respiratory system is gas exchange, and the main 
functional units are the alveoli. Oxygen has a relatively low solubility in water and 
hence low rate of diffusion; still, the tissues have a huge demand for oxygen. To 

cope with the demand of gas exchange, the internal surface area of alveoli in adult 
humans is as large as 80 square meters. To facilitate oxygen diffusion, the alveolar 
walls are extremely thin (25 nm), only a single layer of alveolar cells covers the 
internal surface of the alveoli. Blood vessels and alveoli share the same basement 
membrane and the total thickness of a healthy respiratory membrane is just 0.5-

micrometers. Erythrocytes are adapted for oxygen transportation. Alveolar 
macrophages are situated in the lumen of the alveoli. They have a wide spectrum 

of functions, for example immunological, endocrine, regulatory, and many more 
others to be discovered. 

To summarize, the respiratory system is complex and vulnerable and has a four 

times larger area in contact with the external environment, when compared to the 
skin. Due to internal and external factors, a wide spectrum of diseases such as 
Chronic Obstructive Pulmonary Disease (COPD), asthma, cancer and interstitial 
diseases can manifest in the respiratory system and impact the human body.  
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Background  

Historical overview   
Ancient physicians were often great philosophers as well. Breathing patterns were 

described very early, but for more than 2,000 years, the function of breathing was 
an enigma. The Greek physician Hippocrates (460-370 BC) described the pattern 
of breathing, and according to this description, the function of breathing was to 

control the soul center, i.e. the heart. Plato (428-347 BC) described the lungs as a 

sponge-like tissue, and the function was to relieve the heart from excessive heat. 
Ibn al-Nafis (1210-1288) was the first to suggest that blood passed from the right 
to the left side of the heart through the lungs and not through pores in the heart 

septum, however, this was not translated into Latin. In 1628, William Harvey 
(1578-1657) published the concept of blood circulation through the lungs, but in 
the 17th century, the purpose of breathing and blood circulation was still largely 
unknown.  

Among others, Lavoisier (1743-1794) studied the respiration of plants and 
animals. He concluded that there is (oxygen= vital air), but also in French ‘azote' 
(air = without life = nitrogen), which contributed to the knowledge of that 

breathing is related to respiration, or gas exchange. Still a hundred years after 
Lavoisier description, it was unclear whether oxygen was transported passively 

or actively from the alveoli to the blood vessels. Marie Krogh (1874-1943) 
conducted research together with her husband August Krogh (1874-1949), and in 

1910 they publish articles supporting that oxygen could indeed pass passively by 
diffusion from the alveoli to the blood.(1) 

Treatment of respiratory complaints was described already in ancient civilization. 

Some medicines and herbs were effective in treating dyspnea (difficulty to 
breathe), for example Ma Huang or ephedra.  In 1885, ephedrine was isolated 
and extracted from the same plant, and became an important medicine to relieve 

asthma symptoms in the early 1900s(2). In ancient India, the plant Camellia 
sinensis was used for the same reason, and Theophylline was derived from the 
plant in 1888. Theophylline was commonly used for the treatment of asthma and 
COPD in the 1970s, 80s and 90s. 

Towards the diagnosis of chronic bronchitis and emphysema 
In 1679, the Swiss physician Bonet (1620-1689) described the lungs as 
“voluminous” in an autopsy report(3), and this could be the first documentation 

of what we today define as emphysema. Almost one hundred years later, the 
Italian anatomist Morgagni (1682 –1771) reported 19 cases of a similar condition, 
and he described the lungs as “turgid with air”(4). Over the years, different terms 

have been applied to describe respiratory symptoms and conditions. The term 

bronchitis was used for the first time in 1814 by the British physician Badham 
(1780 –1845), describing inflammation in the airways(5) . 
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During the 19th century, important steps were taken towards further development 

of the understanding of respiratory diseases. The invention of the stethoscope by 
Laennec(6) (1781-1826) in the 19th century made it possible for physicians to get 
in touch with airways during clinical examination by hearing, i.e. lung 

auscultation (auscultare, Latin = listen). During the same century, in 1846, the 
spirometer (spiro, Greek = breathing) was invented by Hutchinson(7) (1811–
1861) and spirometry made it possible for the first time to measure lung volumes 
and air flow.  

The Great Smog of London in December 1952 was a visible major environmental 
problem, and it was estimated that around 4,000 inhabitants died due to this 
smog. Governmental and public awareness regarding the relationship between 

air pollution and respiratory diseases increased, contributing to the development 
of environmental regulations and initiating scientific research, with a focus on 

respiratory diseases(8). The Fog catastrophe resulted in several important 
actions by the British Medical Research Council(9). It became obvious that 

definitions of chronic bronchitis and emphysema were needed. Chronic 
bronchitis became recognized as an important cause of morbidity and mortality. 

The first validated respiratory questionnaires were developed and during the 

coming decades, questionnaires were refined and studies on occupational 
exposure were designed and initiated. In 1959, the CIBA guest symposium was 
held, where definitions of chronic bronchitis and emphysema, still in use today, 

were established(10). According to recommendations from the CIBA symposium, 
chronic bronchitis was defined as “having chronic or recurrent excessive mucous 
secretion in the bronchial tree“. The diagnostic criterion is clinical, and subjects 
with other specific conditions, as for instance lung tuberculosis, were excluded 

from the diagnosis of chronic bronchitis. Further, the term “chronic or recurrent” 

was defined as “occurring on most days for at least three months in the year 
during at least two years.” At the CIBA symposium, emphysema was defined as 

follows, "Emphysema is a condition of the lung characterized by increase 
beyond the normal in the size of air spaces distal to the terminal bronchiole 
either from dilatation or from destruction of their walls(10). 

The “British hypothesis” was presented in the late 1950s(11), in short, ”recurrent 

bronchial infections were the reason why some smokers developed progressive 
airways obstruction and other did not”(12). Famous prospective studies were 
carried out by Fletcher et al., and they were designed to test the British 

hypothesis. Some years later, Fletcher and Peto published the iconic paper “The 
natural history of chronic airflow limitation”(9). In this publication, conclusions 
from the epidemiological studies of male postal workers in London rejected “the 
British hypothesis”(12). However, the studies revealed that smoking was 

associated with a decline in lung function, illustrated by famous figures, still 
frequently presented when illustrating the decline of lung function in relation to 
smoking. Fletcher et al. concluded that chronic bronchitis was to be considered 

as an epiphenomenon, not associated with airway obstruction.  

https://sv.wikipedia.org/wiki/1781
https://sv.wikipedia.org/wiki/1826
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Figure 1. Lung function decline in relation to smoking habits and level of achieved lung 

function in early adulthood. 

 

In 1961, the professors Orie and Sluiter organized a bronchitis symposium at the 
University of Groningen in the Netherlands. Experts from all over the world were 

invited, and the aim was to address the difficulties in defining and managing 
obstructive airway diseases. The symposium contributed with what became 
labeled as “the Dutch hypothesis” stating that ”Asthma, chronic bronchitis, and 

emphysema were considered as different expressions of the same disease,  

supposed to  have a  common origin,  and different clinical expressions were 
determined by endogenous (heredity, age, and sex) and exogenous 
(environment: allergens, smoking, viruses, and air pollution) factors”(13). The 
term Chronic Non-Specific Lung Disease (CNSLD), already mentioned at the 

CIBA symposium(10) but not yet clinically applied, was again presented in 
1969(14). 

Further, the symposium in Groningen was the first to recommend phenotyping, 
and not to simply label a patient as having asthma or bronchitis, but to 
individually assess each subject to identify phenotypes based on symptoms and 
clinical manifestations. Orie et al. were ahead of their time by recommending 

phenotyping and an individual-based approach. However, overlapping between 

asthma and chronic bronchitis was a challenge, and besides Fletcher also others 
were critical to this suggestion. There was an intensive debate during several 
decades between supporters of the British and the Dutch hypotheses. 

The overlap between asthma, emphysema and chronic bronchitis was already 
documented at the CIBA symposium in 1959(10) and could be illustrated by a 
non-proportionate Venn diagram. The American Thoracic Society (ATS) 
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published a widely accepted Venn diagram in 1995(15), in which also the presence 

of airflow obstruction was emphasized.   

                                                                        

Figure 2. Non-proportional Venn diagram, illustrating the relationship between chronic 
bronchitis, asthma and emphysema, also taking airway obstruction into consideration    

 

The term COPD  
There was for a long time a large variation in the nomenclature. Different terms 
and abbreviations were used to describe the condition COPD, for example 
nonspecific chronic pulmonary disease, diffuse obstructive pulmonary syndrome, 
chronic airflow obstruction (CAO) and chronic non-specific lung disease 
(CNSLD). 

William Briscoe was, at the 9th Aspen Emphysema Conference in 1965, the first 
to mention the term Chronic Obstructive Pulmonary Disease, COPD (16). The 
term “chronic obstructive pulmonary disease” or COPD included chronic 
bronchitis, chronic asthmatic bronchitis, and emphysema and became more and 
more accepted. In the 1980s the term COPD was established among researchers, 
and in 1987, the ATS published “Standards for the diagnosis and care of patients 

with Chronic Obstructive Disease (COPD) asthma and COPD“(17).  

In 1960, The European Coal and Steel Community (ECSC) introduced guidelines 
for spirometry(18), and hereby, lung function testing was established in the 

assessment of pulmonary diseases. In 1979, the ATS published a document on 
standardization of spirometry(19), which was updated in 1987(17) and in 
1994(15). Meanwhile, a similar European initiative was taken, and the first 
European document on standardization of spirometry was published in 

1983(20). The ATS and ERS standards for spirometry were rather similar. A joint 
document was published by ATS/ERS in 2005(21).  
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Current definition of COPD  
The World Health Organization (WHO) defines COPD as “…A lung disease 
characterized by chronic obstruction of airflow that interferes with normal 
breathing and is not fully reversible”. WHO states that COPD should be 
considered among individuals with respiratory symptoms such as cough, sputum 
production, and dyspnea but also include evaluation of a history of exposure to 
risk factors for COPD. WHO recommends the use of spirometry to confirm COPD, 
but, if spirometry is not available, the diagnosis should be made ”using all 
available tools”(22). 
The American Thoracic Society (ATS) definition of COPD in 1995 included 
chronic bronchitis and emphysema ”…Chronic bronchitis is characterized by the 
clinical symptoms of excessive cough and sputum production; emphysema 
refers to chronic dyspnea, resulting from enlarged air spaces and destruction of 
lung tissue in terms of chronic bronchitis and emphysema”(15). 

The European Respiratory Society (ERS) definition of COPD presented in the 

ERS Whitebook published in 2013 stated that ”COPD is characterized by 
persistent airflow limitation that is usually progressive and associated with a 
chronic inflammatory response in the airways and lungs to noxious particles or 
gases. The persistent airflow limitation results from a combination of diffuse 

small airway disease and destruction of the lung parenchyma 
(emphysema)”(23). 

In January 1997 a number of COPD experts from around the world met in 

Brussels (Belgium) to explore the needs and possibilities for establishing a global 
network of experts in COPD. In April 1998, the National Heart, Lung and Blood 
Institute (NHLBI) and WHO co-sponsored a workshop and in 1999 the first 
report from the Global Initiative for Chronic Lung Disease (GOLD) was launched. 

The GOLD reports have been updated regularly, and the latest is labeled GOLD 
2019(24,25). According to the GOLD 2019 report, COPD is defined as “…A 
common, preventable, and treatable disease that is characterized by persistent 

respiratory symptoms and airflow limitation that is due to airway and/or 
alveolar abnormalities usually caused by significant exposure to noxious 
particles or gases(25). 

 
Spirometric criteria for COPD 
Since the mid-20th century, scientist and clinicians have been struggling to find 

the best definition of chronic airflow limitation. Not fully reversible airflow 
limitation measured by dynamic spirometry is the hallmark for COPD. Airflow 

limitation is defined as an abnormally low ratio between FEV1 (forced expiratory 
volume in 1 second) and FVC (forced vital capacity) or SVC (slow vital capacity) 

on spirometry.  

FVC or SVC as denominator when assessing the quotation to FEV1? 
According to GOLD and most guidelines for COPD, forced vital capacity, FVC is 
well established as denominator when assessing the quotation to FEV1 to define 
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airway obstruction. However, among subjects with preserved FEV1, mainly 
among younger and or subjects with overweight, the FEV1/FVC ratio may be 
insufficient to detect mild airway obstruction. In the GOLD document it is also 
mentioned that VC can be used as denominator when calculating the ratio; “The 
ratio between FEV1 and slow vital capacity (VC), FEV1/VC, is sometimes 
measured instead of the FEV1/FVC ration”(25).  
                                                                                                                                                                                                                      
In 1995, the European Respiratory Society (ERS) consensus document on 

“Optimal assessment and management of chronic obstructive pulmonary 

disease (COPD)”, presented in parallel the use of FVC or VC as denominator when 
calculating the ratio(26). It has also been discussed if the use of FVC as 
denominator will underestimate mild COPD and possible air-trapping, and the 

prevalence of COPD was indeed higher when VC was used as denominator instead 
of FVC, both when the fixed ratio and the lower limit of normal (LLN) criteria 
were applied(27). This aspect of VC in comparison to FVC was also discussed in 
a paper in the European Respiratory Journal the same year, however, this 
population-based study included merely pre-bronchodilator spirometry(28), and 
pre-bronchodilator measurements may overestimate airway obstruction by up to 
27%(29,30). A recently published study showed that using SVC as denominator 

increased the sensitivity of the spirometry with regards to identifying mild 
obstruction, especially among younger and obese subjects, but could, on the other 
hand, also further increase the over-diagnosis of airway obstruction among 
elderly respiratory healthy subjects(31). However, there are remaining issues in 

this area, and there is, for example, a lack of longitudinal studies assessing and 
comparing the prognosis of subjects with normal FEV1/FVC but pathological 

FEV1/VC. 

But why may FVC be lower than VC? This can be explained by a possible increased 
collapsibility of small airways (<2 mm diameter), resulting in premature closing 
of small airways during a forced exhalation. This phenomenon is physiological 
(32), but small airway disease is also suggested to play a central role in the 

pathophysiology of COPD(33) and extensive small airway disease may exist very 
early, before it is detectable by dynamic spirometry. 

Earlier attempts were made to indirectly measure obstruction in small airways by 
dynamic spirometry, for example, measuring mid-expiratory flow rates. 

However, the results were rather inconsistent, making them unreliable with 
regard to obstruction in the small airways in the individual patient. Still, imaging 

techniques, and most importantly, new more sensitive methods to measure 
obstruction in the small airways, have been developed during the last years, 
among them Impulse oscillometry (IOS). IOS may play a key role in our future 
understanding of small airway disease. 

The fixed ratio or the LLN-criterion to define airway obstruction? 
A fixed ratio criterion to define airway obstruction, post-bronchodilator 
FEV1/FVC less than 0.70, has been stated by GOLD since the first report was 
published around the shift of the millennium (24). The fixed ratio is not 
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dependent on reference values, as the quotient is calculated from the crude values 
of FVC (or SVC) and FEV1 measured by spirometry.  
The fixed ratio criterion is easy to use but it has some weaknesses. One challenge 
is that FEV1 decreases more by age than FVC does, and as a result, older 

individuals could have FEV1/FVC ratio below 0.70 although being respiratory 
healthy never smokers, and it is well known that the fixed cut- off ratio can 
overestimate the prevalence of COPD among elderly(34,35). On the other hand, 
young subjects with respiratory symptoms and a relevant exposure to harmful 

noxious particles or gases, could still have FEV1/FVC ratio ≥ 0.70 and be classified 
as non-obstructive, leading to under diagnosis of COPD among younger 
subjects(36,37).  

The use of LLN to define airway obstruction in COPD is considered more 
physiologically accurate and, LLN is by definition adjusted for age. Airway 

obstruction following the LLN criterion is defined as post-bronchodilator 
FEV1/FVC below the lower fifth percentile derived from a reference 

population(38). An ERS Task Force was published in 2011, recommending that 
the LLN criterion should be used in epidemiological research(39). However, also 
the LLN criterion has some weaknesses. The outcome is dependent on the used 

reference values, i.e. the reference values must be representative for the 
population under study. The importance of correct reference values for the 
outcome prevalence of airway obstruction is illustrated, amongst all, in a 
publication from the Obstructive Lung disease In Northern Sweden (OLIN) 
studies(40).  

Reference values for spirometry  
Lung function measurement by spirometry is a corner stone within diagnostics of 
respiratory diseases. Even though the fixed ratio criterion for COPD is 
independent of reference values, representative reference values are necessary for 
the use of the LLN-criterion for airway obstruction. Representative reference 
values of FEV1 are also required for an accurate classification of the degree of 
airway obstruction according to GOLD (GOLD 1-4)(25). We also need correct 
reference values for FVC for the definition of normal lung function (NLF) and 
restrictive spirometric pattern (RSP). 
 
To define what is normal is, however, not an easy task. Subjects who are expected 
to have normal lung function, from which reference values can be derived, should 
not only be healthy, according to strict definition, but also representative for the 
population, in which the reference values should be applied. Besides age, height 

and sex, also e.g. smoking and exposure to other harmful noxious agents as well 
as ethnic factors should be taken into account.  

Today, several reference values for spirometry are available. The European Coal 

and Steel Community (ECSC) have published guidelines for spirometry and 
reference values(41) and the ERS for many years recommended the ECSC 
reference values to be used in European countries. The Swedish reference values 

by Berglund were available in the 1960s(42), by Hedenström in the 1980s(43) 
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and there are also later published reference values, for example, by Brisman(44). 

The Swedish Association for Respiratory Medicine still recommends the 
Hedenström reference values to be used in Sweden. In addition, there are 
national reference values available in many countries, for instance in Finland(45), 

Norway(46) and the United States (US)(47).  

More comprehensive reference values were published by the Global Lung 
function Initiative (GLI) in 2012(48). The GLI reference values are based on 

reference populations from more than 30 countries, in the ages between 3 and 95 
years. Reference subjects were selected to be respiratory asymptomatic and non-
smokers. The GLI are endorsed by both the ERS and the ATS(48). An evaluation 
of the GLI and ECSC reference values in a respiratory healthy non-smoking 

population in Northern Sweden, showed that the ECSC values did not fit well. The 
GLI were substantially more appropriate than the ECSC, although not with 

perfect fit(40). The GLI reference values could result in incorrect prevalence 
estimates in this population, especially when the LLN criterion was applied. 

In epidemiological studies, it is necessary to use reference values representative 
for the population under study. The OLIN-studies reference values for adults 
were published in 2015(49), based on a representative non-smoking healthy 

population in Norrbotten. 

 

The epidemiology of COPD 
Substantial methodological differences between studies, such as the selection of 
study population with different demography, especially age and smoking habits, 
and different diagnostic criteria for COPD will affect the estimated prevalence 

(50–53). Worldwide, the estimate for COPD prevalence is about 10% among 
adults(54). 

Geographical variations ranges between 0.2% in Japan and 37% in the US as 

estimated in a review published in 2006(55).  Even when identical methods were 
applied in the multicenter Burden of Obstructive Lung Disease (BOLD) 
study(50), significant differences between the countries were observed, the 

prevalences  ranged from 11.4% in China to 26.1% in Austria when using the 
GOLD fixed ratio criterion(50). Different risk factors, especially smoking habits 
and air pollution, but also endogenic risk factors could, at least partly, explain 
those variations. 

The use of the LLN criterion to define COPD yields significantly  lower prevalence 
estimates compared to the fixed ratio, recommended by GOLD(35,56,57). In 
northern Sweden in 2009, the prevalence of COPD according to the fixed ration 

was 8.5% while 6.3% according to the LLN criterion(58). When both the fixed 

ratio and the LLN criteria were applied in the BOLD study center in Austria, the 
COPD prevalence according to the GOLD criterion was 24.2% while it was 15.3% 
according to the LLN criterion(59). Subjects fulfilling the spirometric criteria for 

COPD according to GOLD, but not according to LLN, were labelled as having 
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“discordant airways obstruction”, and were respiratory more symptomatic than 

those with normal lung function. In the city of Uppsala in Sweden, the prevalence 
of COPD (fixed ratio criterion) was 16% among adults ≥ 40 years old (BOLD study 
design)(60), which is in agreement with  previously reported results from the 

OLIN-studies(61,62). In a publication including multiple centers and using the 
LLN criterion, there was a large variations in COPD prevalence between different 
countries, from 3.6% in Colombia, to 19.0% in South Africa(63). 

Studies on trends in prevalence of COPD have been published during the last 
years. Some of them concluded that the prevalence of COPD is levelling, while 
some studies used projection models and predicted an increase in the prevalence 
due to longer life expectancy worldwide and changes in smoking habits(64). Still, 

no repeated surveys based on spirometry have shown an actual increase in COPD 
prevalence, while a few studies objectively have demonstrated a decrease in the 

prevalence of COPD. According to data from the OLIN studies, the prevalence of 
COPD decreased from 1994 to 2009, in parallel with a reduced prevalence of 

current smoking(58). The examinations were conducted in the same region, 
within the same age groups, and COPD was defined both according the fixed ratio 
and LLN criteria and were based on post-bronchodilator spirometry. A 

population based study from Norway showed a similar trend(65), however, 
merely pre- bronchodilator spirometry was used in this study. Also a publication 
from Spain indicated a decrease in prevalence between 1997 and 2007(66). 

However, also low and middle-income countries have a high burden of COPD, 
although the reported prevalence of COPD in these countries is low, probably due 
to a more pronounced under-diagnosis(67). Data available from China indicate 
that the prevalence of COPD  almost doubled between the years 2000 and 2018, 

and it was estimated to be 8% and 19 % among women and men, respectively, in 

2018(68). 

Major risk factors; smoking and age 
Cigarette smoking is the single most important risk factor for development of 
devastating respiratory diseases such as COPD(62), lung cancer and fibrosis(69–
71). According to data from the WHO, the prevalence of current smokers in the 
European region was 48% among men and 24% among women in 2010(72). A 
decrease in smoking prevalence has been observed in northern and western 
European countries during the last years, however, globally tobacco smoking is 
rising, mainly because of an increasing number of smokers in many low and 
middle income countrie(73,74). Thus, from a global perspective smoking will 
remain a major public health concern for many years to come.  
 
According to the Swedish Public Health Agency, 7% of men and 7% of women 
were daily smokers in Sweden in 2018, compared to 13% and 15%, respectively in 

2006 (Figure 3)(75). Still, the situation is quite different globally, for example in 
China where the latest data indicate that 58% of men and 4 % of women ≥ 40 
years of age are smokers(68). 
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Figure 3. Smoking habits in Sweden, prevalence of daily smokers; National Public Health 

Survey "Health on equal terms?", Swedish Public Health Authority(75). 

 
 
COPD among non-smokers  
Smoking has overshadowed the importance of other risk factors for COPD. 
Previously, COPD used to be considered simply as a smoking-induced lung injury 

among men(76). However, as many as 25-45% of those with COPD may be never-

smokers(77), and up to 80% of them are women(78). There are, however, inter-
individual and sex-related(79,80) variations in the vulnerability to harmful 
noxious particles including smoking(81). In northern Sweden, the prevalence of 

COPD among non-smokers was estimated to 6.9%, and was related mainly to 
age(58,82), and the non-smoking subjects corresponded to about 20% of all 
subjects with COPD. This is fairly comparable to that in other western countries 
as presented by the ECHRS, 17%, but lower than reported from the US and 

Austria, 25% and 37%, respectiveley(77). 

Globally, exposure to biomass fuel combustion is a major risk factor for COPD 
that contributes to higher COPD prevalence among non-smokers in developing 

countries(81). Furthermore, through major advances in pediatric medicine, 
survival for premature babies has increased, however, as bronchopulmonary 

dysplasia (BPD) is associated with higher risk for developing obstructive lung 

impairment, these children may be at greater risk of developing COPD(83,84). 
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Under-diagnosis of COPD 
Several epidemiological studies have demonstrated and still demonstrate a large 
under-diagnosis of COPD(85–87). Already more than ten years ago, the OLIN-
studies showed that not more than 20–30% of the subjects fulfilling the 

spirometric criteria for COPD were correctly labeled by health care providers(88), 
and the under-diagnosis was related to disease severity. In severe COPD, merely 
every other subject had a diagnosis consistent with COPD although they reported 
respiratory symptoms, and among those with mild disease, only 5% were 

diagnosed as having chronic bronchitis, emphysema, or labeling synonymous 

with COPD. In a later Swedish study published in 2012, following the BOLD 
protocol, still merely 29% of those fulfilling the spirometric criteria for COPD 
were identified(60). 

The degree of under-diagnosis is similar to findings from a large US study, the 
third National Health and Nutrition Examination Survey (NHANES III), where 
63.3% of the subjects fulfilling the spirometric criterion for COPD reported no 

previous diagnoses of any obstructive lung disease (89). When analyzing subjects 
at risk in a model that uses smoking rates to estimate COPD prevalence in the 
general population, the proportion of COPD that is currently being diagnosed in 

the US ranged between 14 and 46%(90). When the LLN criterion for airway 
obstruction was applied on post-bronchodilator spirometry data from 
approximately 30,000 subjects recruited from population based studies 
worldwide, the overall under-diagnoses was 81%. Still, there was a large 

difference in under-diagnosis between different countries (98.3% in Nigeria and 
50% in Lexington, Kentucky)(63).  

Misclassification of COPD 
There is an increased awareness of the under-diagnosis of COPD, but a challenge 

with a similar magnitude is actually an over diagnosis or misclassification due to 
lack of adherence to guidelines and misinterpretation of spirometry(91–93). In a 
review from 2014, the under- and over- diagnosis in a primary care setting were 

81 and 86%, respectivly(94). For comparison, 30-60% of those with a COPD 
diagnosis were misclassified according to a review including studies from 
different parts of the world(86). Post-bronchodilator lung function testing should 

be performed to identify persistent airway obstruction in COPD(25), however 
many studies on the prevalence of COPD use merely pre-bronchodilator 
spirometry(89,95–97). As previously mentioned, the prevalence based on post-
bronchodilator spirometry could be 27–50% lower than when based on merely 

pre-bronchodilator spirometry(30,97,98). 

Sex differences; risk factors, prevalence and under-diagnosis  
Respiratory health related to smoking in women has been receiving increasing 

attention during the last years. However, studies of sex-dependent differences 
with regard to smoking as a risk factor for developing COPD have not been 
conclusive(99). Still, it has been suggested that women may have increased 
susceptibility to cigarette smoking(80,100–102), and develop  more severe COPD 

and at younger age, at lower levels of tobacco smoke exposure(103).  
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The estimated prevalence of COPD in the multicenter study following the BOLD 

protocol was 8.5-22.2% among men and 3.7-16.7% among women(50). The study 
showed considerable differences between sites, which can be related to different 
risk factor profiles in different sites. In northern Sweden, there was in 2009 no 

difference between sexes when using the fixed ratio criterion, the prevalence was 
8.9% among men and 8.4% among women(58). Still, when applying the LLN 
criterion sex differences were observed, with a prevalence of 4.5% among women 
and 8.3% among men.   

Several studies indicate that women are more likely to be under-diagnosed 
(95,104,105). Additionally, in a study including 3,500 patients, healthcare 
providers were less prone to consider spirometry among women compared to 

among men(106). The same study concluded that the under-diagnosis was 1.27 
times higher among women. However, in the previously referred large multi-

center international study(63), male sex was a risk factor for under-diagnosis. 
The unevenly distributed under-diagnoses of COPD between sexes may have 

complex reasons. One is a possible different presentation of symptoms, as women 
seem to report more dyspnea than men, independent of FEV1(107). Another 
reason could be an ongoing perception among health care providers of COPD as 

the old smoking mans disease. 

 

Classification of COPD severity 
The severity of COPD can be determined and classified by different methods. 
Classification of severity by spirometric findings is, according to GOLD, based on 
post-bronchodilator FEV1 percent of predicted value and divided into GOLD 1-4 
(Table 1)(55). The spirometric criterion for COPD according to GOLD has been 
similar since the launch of the first report around the shift of the millennium until 
the last GOLD report in 2019(24,25). Classification of disease severity based on 
FEV1 % predicted can also be made using the LLN-criterion. 
 
 

Table 1. Classification of severity based on post-bronchodilator FEV1                    

according to GOLD* 

 GOLD 1 FEV1 ≥ 80% of predicted 
 GOLD 2 50% ≤ FEV1 < 80% predicted 
 GOLD 3 30% ≤ FEV1 < 50% predicted 
 GOLD 4 FEV1 < 30% predicted 

*Post-bronchodilation FEV1/FVC<0.70 

 

The distribution of COPD by disease severity according to GOLD was GOLD 1 
(mild) 8.2%, GOLD 2 (moderate) 5.3%, GOLD 3 (severe) 0.7%, and GOLD 4 (very 
severe) 0.1% in a publication based on OLIN-data from northern Sweden(88). 

This was fairly comparable to other large population based studies from 
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Spain(108), Finland(109) and the US NHANES I (110) even though the different 

studies did not have exactly the same spirometric classification of severity. 

Besides lung function, the GOLD reports since 2011 include also respiratory 
symptoms and exacerbations to be taken into consideration when evaluating 

disease severity. This combined assessment is presented as the ABCD-scoring 
system, which is based on the burden of respiratory symptoms (assessment by 
CAT-score (COPD Assessment Test) or dyspnea score according to mMRC 

(Medical Research Councils’ dyspnea score)) and on the presence of 
exacerbations or not (treated in the policlinic or requiring hospitalization). 
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Clinical phenotypes  

Definition and history of COPD phenotypes 
In biology, a phenotype is "The observable physical or biochemical 

characteristics of an organism, as determined by both genetic makeup and 
environmental influences."(111).  

Clinicians have long been aware of the complexity of COPD, and identification of 

clinical COPD phenotypes have been described since the 1950s. Dornhorst(112) 
proposed the distinction between “pink puffers” representing the 
emphysematous phenotype and the “blue bloater” representing subjects with 
respiratory insufficiency, peripheral edema and bronchitis. This famous classical 
phenotyping was based on clinical observation. The classical division into pink 
puffers and blue bloaters is no longer part of the current clinical paradigm, but 
still illustrates the heterogeneous nature of COPD(113). 

Inter-individual differences or “phenotypes” in COPD were observed by Fletcher 
and others already in the 1950s and 1960s; COPD was not regarded as a single 

entity but a complex syndrome. Fletcher suggested two distinct clinical entities 

or “clinical phenotypes”, chronic bronchitis and emphysema(9). The two 
phenotypes could coexist in the same individual, and vulnerable subjects suffered 
from lung function decline, caused by smoking. The classic previously mentioned 
“Fletcher curve” illustrates the impact of smoking on decline in lung function and 
is still referred to in medical schoolbooks. However, the often referred “Fletcher 
curve” is based on a study on a selected population of working middle-aged men 
in London(9). 

Orio et al. presented what became labeled as “the Dutch hypothesis” and were 
several decades ahead of their time with regard to phenotyping. Asthma, chronic 
bronchitis and emphysema were considered as an expression of the same disease 
and was labelled Chronic Non Specific Lung Disease (CNSLD). Still, each subject 
should be assessed individually, and phenotypes based on symptoms and clinical 

manifestations were suggested(13) as exemplified in table 2. Phenotypes in COPD  
can be defined as is "a single or combination of disease attributes that describe 

differences between individuals with COPD as they relate to clinically 
meaningful outcomes"(114). Nevertheless, overlapping between asthma and 
chronic bronchitis was, and still is a challenge for clinicians. 
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Table 2. Proposal for individual assessment of patients with CNSLD(13). 

Factors of interest Examples 

Personal history infantile eczema, hay fever 

Family history yes/no 

Symptoms type, severity, variability 
cough, sputum production, dyspnea 

Clinical picture physical examination 

Air pollution indoor, outdoor, smoking 

Lung function FEV1 level, reaction to bronchodilatantia, 
reaction to bronchial provocation test 

Blood and sputum samples eosinophilia 

 

During recent years, the confusion regarding the meaning of different phenotypes 

in COPD have been commented on and it has been suggested to define COPD 
phenotypes as “a single or combination of disease attributes that describe 
differences between individuals with COPD as they relate to clinically 

meaningful outcomes (symptoms, exacerbations, response to treatment, rapid 
progression of the disease or death”(115). Phenotyping should be able to classify 
COPD patients into clinically relevant subgroups, including also a prognostic 
value and to have an aim to provide a basis for individualized treatment (114,115).  

However, to tackle the under-diagnosis and misclassification of COPD, and for 
clinical practical reasons, guidelines for diagnosis and management of COPD 
have to be easy to understand. Management of COPD used to be based only on 

severity of airway obstruction, assessed as FEV1 percent of predicted (GOLD 1-4) 
(24). However, FEV1% predicted does not reflect the COPD complexity(116). 
Subjects with comparable level of FEV1 reduction could have different clinical 

manifestation and may need different treatments. A convenient “middle-road” 
between the simple clinical guidelines versus the complexity of COPD is needed, 
to identify phenotypes based on clinical manifestations and patients related 
outcomes(114). The 2011 GOLD report incorporated symptoms and 

exacerbations as a combined assessment of disease severity, the previously 
presented GOLD A-D, and this was also presented as a corner stone in the 
treatment strategies(25), which is a similar approach as suggested by Orio et al. 
already in 1961(13). 

Another approach is the use of advanced statistical methods to illustrate the 
phenotypic heterogeneity. Cluster analysis, which can organize information so 
that heterogeneous groups of variables can be classified into relatively 

homogeneous groups, has been proposed to examine phenotypic heterogeneity 
in airway diseases(113,117,118). 
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To summarize, different phenotypes have been and are still discussed, for 

example COPD among non-smokers, COPD with chronic bronchitis, COPD with 
emphysema, COPD with hyper-reactivity, non-exacerbating and exacerbating 
COPD, respectively, and COPD with comorbidities. In this thesis we have focused 

on the phenotypes described below. 

The bronchitis phenotype    
Chronic cough and sputum production are common in COPD and other 

respiratory diseases(119), why we once again repeat the definition of chronic 
bronchitis: ”cough and phlegm most days for >3 months in two consecutive 
years”.  

In the PLATINO study (a population based study conducted in major cities in 
Latin America), COPD with chronic bronchitis was suggested as a clinical 
phenotype, and this study showed that subjects with chronic bronchitis had worse 

lung function, more respiratory symptoms and exacerbations(120). The 

bronchitis phenotype was also discussed in an editorial in the European 
Respiratory Journal (121), and also highlighted in a review in the American 
Journal of Respiratory and Critical Care Medicine the year thereafter(122). 

The prevalence of chronic cough with phlegm has been 14-30% in population 
based studies(121). The large variation of prevalence can be related to study 
populations with different risk profiles. Moreover, chronic bronchitis is self-

reported symptom and dependent on the perception of symptoms. 

The exacerbator phenotype  
Exacerbations of COPD are defined by GOLD as an acute worsening of respiratory 

symptoms that results in additional therapy, or in general terms, episodes of 
symptom worsening. Exacerbations are part of the natural course of COPD and 

may not only contribute to decline in lung function, but exacerbations are also 
associated with increased morbidity and mortality and to the health economic 

burden of COPD(123,124). Prevention of exacerbations is thus one of the main 
aims of COPD management. Exacerbations are typically associated with more 
severe COPD, however, the ECLIPSE study showed that exacerbations are not 

strictly a manifestation of severe airway obstruction, but rather to be a  
susceptible subject, and that COPD with exacerbations represents a distinct 
phenotype(125). Further, having an exacerbation per se was the greatest risk 
factor for future exacerbations, independent of FEV1% predicted(125), and a 

frequent exacerbator phenotype has been described, associated with 
hospitalization and increased mortality(126).    

Pre- and post-bronchodilator obstruction  
Even though the spirometric assessment of COPD should be based on post-
bronchodilator values, many epidemiological studies include merely pre-
bronchodilator values(65,110,127), and the lack of assessment based on post-
bronchodilator spirometry is also common in clinical practice(91).  
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In the Lung Health study, including smokers with mild- to moderate COPD, pre- 

as well as post-bronchodilator obstruction predicted mortality to the same 
degree(128). Also a recent Norwegian publication indicates that not only those 
with post-bronchodilator obstruction but also those with pre-bronchodilator 

obstruction (based on the fixed ratio criterion) have an increased mortality when 
compared to those with normal lung function(129). These studies indicate that 
not only those fulfilling the spirometric criteria for COPD, i.e. post-
bronchodilator obstruction, but also those with pre-bronchodilator obstructive 

spirometry may have worse prognosis.  

The COPD phenotype characterized by comorbidities  
The term comorbidity means there is an index disease, which is associated with 
other manifestations. Comorbidities are common in COPD(130,131), and 
cardiovascular diseases are the most common(132–134). Other common 
comorbidities are anxiety/depression, diabetes mellitus, muscle dysfunction and 

osteoporosis(135–142). Due to different selection strategies regarding study 
populations, and different definitions of both airway obstruction and 
comorbidities, the prevalence of comorbidities among subjects with COPD varies 

between studies(134,141,143). The prevalence of CVD varies in the range 28-70% 

(132), the prevalence of diabetes mellitus in a large US study was 12.7%(130), 
while the prevalence of depression reached  27.1%(144). 

There is probably a different pattern of comorbidities among men and women 
with COPD, but there are few published studies within this topic. Among major 
comorbidities, cardiovascular comorbidity and diabetes are more common 
among men with COPD, while depression, osteoporosis, inflammatory diseases 
seems to be more common among women with COPD(116). The increased 

mortality observed among individuals with COPD is most probably associated 
with comorbidities(145) and, especially cardiovascular diseases. Each of the 
comorbidities cardiovascular disease, diabetes mellitus and depression are 

known to be associated with increased mortality among subjects with COPD(116).  

Comorbidities contribute with an increased burden of disease, and by delimiting 
COPD with comorbidities, individuals with COPD and a presumed worse 

prognosis are identified. There are, however, few studies where COPD with 
comorbidities are described as a specific phenotype(146). 

Sex differences with regard to clinical picture 
Besides different vulnerability to smoking among men and women, also 
anatomical, hormonal and behavioral differences between the sexes may 
contribute to the observed differences with regard to prevalence but also clinical 
expression of COPD. In 1987 Burrows et al. suggested that sex dimorphism may 
be present in COPD when they described two types of COPD: emphysema and 
chronic asthmatic bronchitis(147). People with emphysema were more likely to 
be men, had a more rapid decline in lung function, and a higher mortality rate. 

People with chronic asthmatic bronchitis were more likely to be women, had less 
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rapid decline in lung function, and a lower mortality rate. Radiologic and 

histologic data also show similar findings, with women having less severe 
emphysema but thicker airway walls and smaller airway lumens(101). 

As much as 80 % of subjects with non-smoking related COPD are women, this 

can suggest that women are more susceptible to non-smoking related risk factors 
for COPD(78,99,100,103), and they are more exposed to biomass fuel combustion 
in developing countries(81).  

The clinical picture among COPD patients may differ, and women report more 
dyspnea, anxiety/depression and osteoporosis than men(148). Dyspnea is a 
hallmark symptom in more severe COPD and the overall symptom burden has a 

substantial determinable impact on health status and quality of life. It could also 
contribute to increased anxiety and depression levels, increased risk for 
exacerbations and worse prognosis(149). There is, however, a poor correlation 
between symptom perception and FEV1, and the variety in clinical expression of 
COPD between the sexes is probably multifactorial(100).    

Mortality among individuals with COPD  
COPD was considered as a major cause of morbidity and mortality already in the 

late 1990s. It is now the fourth leading cause of death worldwide, and a further 
increase in incidence and mortality is predicted for the following decades(150–
152). According to the WHO, 3.17 million deaths worldwide were related to COPD 

in 2015, that is 5 % of all the deaths that year. More than 90% of deaths caused 
by COPD occur in low and middle-income countries(50). Mortality is increased 
among subjects with COPD(55,88), but due to known under-diagnosis(62,63,86), 
under-estimated in register-based studies(153,154). 

It has been suggested that the COPD mortality rate continues to increase among 
women while it has been slightly levelling among men. This probably reflect the 
sex-dependent trends in smoking habits(155), but as previously discussed, also 

the sex-dependent differences in vulnerability to the harmful effects of tobacco 
smoking(80,100,103).  

The US National Center for Health Statistics examined mortality trends among 
people who died with a diagnosis of COPD from 1979 through 1992, and the age-
adjusted COPD mortality decreased by 17.1% among men, whereas it increased 
by 126.1% among women(100). The American Lung Association reported that 
COPD mortality among  women has increased four-fold over the past 30 

years(156). In the US, men and women have similar mortality due to 

COPD(157,158). 

In Sweden, respiratory diseases were the third largest cause of death in 2018. The 

mortality in COPD is levelling among men, while among women, the up-going 
trend continues, as shown in figure 4. Similar results have been published from 
Canada(159). 
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Figure 4. Deaths due to COPD in Sweden among adults ≥ 25 years old, between 1996 and 

2018, from the National Board of Health and Welfare register of cause of death 

(www.socialstyrelsen.se).  

 

Causes of death among subject with COPD  
As discussed in the previous paragraph, individuals with COPD have increased 

cumulative mortality(110,160). Still, population based studies on causes of death 
among subjects with COPD are rare, and furthermore, spirometric definition of 
COPD is often based on merely pre- bronchodilator values(154,161). The known 

challenge with under-diagnosis and misclassification of COPD surely affect the 

results of studies on causes of death. An additional source of uncertainty is the 
fact that causes of death are rarely verified by autopsy in western countries, and 
cause of death is most often based on clinical diagnosis(153,162,163). When a 
large number of death certificates were compared with hospital records in 

Sweden, the accuracy of COPD as a cause of death on death certificates was 
poor(164), while the accuracy for cancer death was high. Similar results were 
found in a Danish study(154). 

The leading cause of death worldwide, in Sweden and among subjects with COPD, 
is CVD. In a Finnish population based study including over 30 years of follow-up, 
approximately 50% of deaths were due to CVD, both among subjects with and 

without COPD(161). CVD was also the most common cause of death in a Danish 
study among subject with and without airway obstruction, as well among subjects 

with restrictive spirometric pattern(154). Similar results were reported in the 
selected study populations of the Lung Health study, the TORCH and the UPLIFT 

studies(165–167). 
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Cancer is the second most common cause of death in the western countries as 

well as in Sweden(168,169). Lung cancer is a more common cause of death among 
subjects with than without COPD. Respiratory deaths, except lung cancer death, 
are more common among subject with than without COPD, mainly more severe 

COPD(151). In the previously referred Finnish study, all COPD stages were 
associated with increased risk for respiratory deaths, while in the Danish study, 
the risk for respiratory deaths among subjects with spirometric COPD ranged 
between 7.7.-26.0% depending on COPD severity.  
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The Aim   

The overall aim of this thesis was to identify and characterize clinical relevant 
COPD phenotypes in population-based studies, using spirometry together with 

clinical characteristics such as respiratory symptoms, exacerbations, and 
comorbidities, in relation to prognosis, assessed as mortality and further, also 
cause of death.   

 

1. To evaluate the impact of productive cough on exacerbations and 

mortality among subjects with and without COPD. A further objective 

was to evaluate possible sex differences. 

  

2. To identify the extent of misclassification due to use of pre- 

bronchodilator (BD) spirometry in COPD diagnostics. Further, the study 

compared clinical characteristics and prognosis, assessed as mortality, 

between subjects with post-BD airway obstruction (COPD), pre- but not 

post-BD airway obstruction, and subjects without airway obstruction. 

 

3. To investigate the impact of cardiovascular disease, diabetes mellitus and 

anxiety/depression on mortality among men and women with COPD and 

normal lung function, respectively. Further, both the fixed ratio criterion 

and the LLN-criterion for airway obstruction in COPD were applied. 

 

4. To estimate mortality and major causes of death among individuals with 

post-bronchodilator obstruction (COPD), restrictive spirometric pattern 

(RSP) and normal lung function (NLF), in a long-term follow-up of a 

population-based cohort 
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Materials and Methods 

Study area  
The County of Norrbotten is the northernmost part of Sweden (Figure 5) and 

makes up one quarter of Sweden’s total area. Although the population increased 
during the beginning of the twentieth century together with booming mining and 
related industries, still not more than 2.5% of the Swedish inhabitants live here. 

Winter is dark, cold and long, but with magical northern lights. Summer is short, 

warm with midnight sun and intensive fauna and flora.   

The iron production, huge rivers with hydroelectricity, forests and timber played 
key role in the industrialization of Sweden. The majority of Europe’s iron ore was 
extracted from north and east of Norrbotten, and nowadays, natural resources, 
advanced technology, and tourism represent the most important economic 
resources in the region.  

 

                                   

Figure 5. Sweden, the County of Norrbotten   
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The OLIN studies 
The Obstructive Lung disease In Northern Sweden (OLIN) studies is a   
prospective longitudinal epidemiological research program, still ongoing since 
1985. Approximately 24% of the county inhabitants, from children to elderly, 

have to date participated in  the OLIN studies. Population based cohorts have 
been recruited and followed up for the studies of asthma and allergy in both 
children and adults, COPD and health economics. The participation rates have 
been excellent, participants have repeatedly taken part in postal questionnaire 

surveys and clinical examinations. So far, the OLIN studies have contributed with 
> 200 original publications and 21 PhD-thesis based on original data from the 
OLIN studies, and the 22nd will be defended  in October. The OLIN studies have 

national and international networks with researchers from other universities in 
Sweden and abroad. 

This is the 23rd thesis from the OLIN studies  as well as the fifth thesis based on 

data from the longitudinal OLIN COPD study within  the COPD research 
program. 

Study population 
The study population in the OLIN COPD study, has been recruited from 
participants at re-examination during 2002-04 of all previously examined 
individuals in the OLIN adult cohorts I-IV. 

The first and second cohorts were recruited in 1985 and 1992, respectively, from 
the same eight geographical areas, and included certain age strata, while the third 
cohort was a random population sample recruited in 1992 in the whole county of 
Norrbotten, as was the fourth cohort recruited in 1996. The cohorts I-IV in total 

include ~30,000 participants invited to postal questionnaire surveys, from which 
both random samples and samples selected based on reports of respiratory 
symptoms, have been invited to clinical examinations. All those who previously 
underwent spirometry and/or structured interviews were invited to re-
examination between the years 2002–2004. In total, approximately 4,200 

participants were re-examined with dynamic spirometry and a structured 
interview. 

All subjects with obstructive lung function impairment, FEV1/(F)VC<0.70, were 
identified (n=993) together with age- and sex-matched non-obstructive referents 
(FEV1/(F)VC ≥ 0.70). Since 2005, the study population (n=1,986) has been 

invited to regular examinations with structured interviews and spirometry and at 
selected occasions also ECG, blood samples, handgrip strength, and self-
completed questionnaires regarding amongst all health-related quality of life, 
fatigue, and physical activity.   

In this PhD-thesis, epidemiological cross-sectional data from examinations at 
recruitment in 2002–2004 were used. Mortality data were collected from the 
Swedish Tax Agency from the date of examination at recruitment in 2002-2004 

and onwards. Data on cause of death was collected from the Swedish National 
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Board for Health and Welfare register until 31 December 2015. An overview of 

the papers I-IV is shown in table 3, and the division of the study population into 
different spirometric groups is shown in figure 6. A brief summary is presented 
below.  

Paper I: The study population was presented as pre-bronchodilator (BD) 
obstructive subjects (COPD) and referents without airway obstruction (non-
COPD). Mortality data was collected from recruitment until February 2012. 

Paper II: Those with airway obstruction were divided into 1. Pre- but post 
bronchodilator obstructive (pre- not post-BD obstructive) and 2. Post 
bronchodilator (BD) obstructive (COPD). As in paper I, subjects without airway 

obstruction were used as referents (non-COPD). Mortality data was collected 
until 31st December 2014.  

Paper III: COPD was defined according to the GOLD spirometric criteria, post- 

BD fixed ratio FEV1/FVC < 0.70 COPD, using the highest of pre- or post-BD 
values. Within the COPD group, subjects with FEV1/VC < the lower limit of 
normal (LLN) were identified and labeled LLN-COPD. Among non-obstructive 
referents those with FEV1/VC≥0.70 & FVC≥ 80% of predicted, were identified 

and labeled Normal Lung Function (NLF) and they constituted the reference 
group. Mortality data were collected until 31st December 2015. 

Paper IV: COPD was defined according to the GOLD spirometric criteria, 
FEV1/VC<0.70 using the highest of pre- or post-BD values. The non-obstructive 
referents were divided into Restrictive Spirometric Pattern (RSP); FEV1/VC≥0.70 
& FVC<80% of predicted and Normal Lung Function (NLF); FEV1/VC≥0.70 & 
FVC ≥ 80% of predicted. Mortality data was collected until 31st December 2015 

and data on cause of death was retrieved from the Swedish National Board for 
Health and Welfare register on cause of death. 
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Figure 6: Study population at recruitment by spirometric groups. 

 

 
 

Lung function testing  
Dynamic spirometry was performed in accordance with American Thoracic 
Society guidelines from the year 1995 (15), however, subjects were standing 

instead of sitting and nose-clip was not used. A set of dry volume spirometers, 
Mijnhardt Vicatest 5, was used (Figure 7). Quality checks of spirometers were 
performed daily with a 3L syringe.   

The best value for FEV1, FVC and SVC, respectively, were used after at least three 
but maximum of eight measurements. VC was defined as the best value of FVC 
and SVC. Reversibility testing was performed 15 minutes after the inhalation of 
Ventoline Discus® 4x0.2mg among all subjects with FEV1/VC<0.70 or FEV1<80% 

of predicted. 
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Figure 7. Vicatest 5 spirometers used in the study 
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Table 3. Papers I-IV: Overview of study design, spirometric definitions, key variables and outcomes 

          

Paper I Cross-sectional data 2002-04 Non-COPD: FEV1/VC ≥ 0.70 Productive cough 

    COPD: FEV1/VC < 0.70 Exacerbations  

  Follow-up   Mortality 

  until 31st February 2012 Disease severity: GOLD 1-4 Sex differences  

    Reference values: Berglund    

        

Paper II Cross-sectional data 2002-04 Non-obstructive: FEV1/VC ≥ 0.70  Clinical characteristics 

    
Pre- not post-BD obstructive: 
 FEV1/VC < 0.70  Mortality 

  Follow-up 
Post-BD obstructive (COPD):  
1FEV1/VC < 0.70 

Sex differences 

  until 31st December 2014     

    Disease severity: GOLD 1-4   

    Reference values: OLIN   
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Paper III Cross-sectional data 2002-04 NLF: FEV1/VC ≥ 0.70 & FVC ≥ 80% of predicted  Comorbidities;  

    RSP: FEV1/VC ≥ 0.70 & FVC < 80% of predicted  
CVD, DM, 
anxiety/depression 

  Follow-up COPD: 1FEV1/VC < 0.70  Mortality 

  until 31st December 2015 LLN-COPD: lower fifth percentile of FEV1/VC Sex differences 

        

    Disease severity: FEV1 % of predicted   

    Reference values: OLIN   

        

Paper IV Cross-sectional data 2002-04 NLF: FEV1/VC ≥ 0.70 & FVC ≥ 80% of predicted  Mortality 

    RSP: FEV1/VC ≥ 0.70 & FVC < 80% of predicted  Causes of death: 

  Follow-up COPD: 1FEV1/VC < 0.70  respiratory, CVD, cancer 

  until 31st December 2015   dementia, other 

    Disease severity: GOLD 1-4 Sex differences  

    Reference values: OLIN  

 

1Based on the highest values before or after bronchodilation;  
Abbreviations:  FEV1, forced expiratory volume in 1 s; (F)VC, (Forced) Vital Capacity; BD, bronchodilator; GOLD, Global initiative of 

Obstructive Lung Disease; 
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Interviews and clinical examinations   
Data collection was conducted by structured interviews, following a 
questionnaire completed by the interviewer. This approach allowed that the 
questions were presented in the same way and order to the participants and 

followed a standardized structure.  

The questions on respiratory symptoms and conditions are similar as in the 
questionnaire developed in 1986, at the initiation of the OLIN studies(170), and 

originate from the British Medical Council questionnaire (170). The Modified 
Medical Research Council Dyspnoea Scale (mMRC) (graded 0-4) is also included 
in the questionnaire(171,172). Minor changes have been done and a few questions 
have been added. In addition, questions regarding smoking habits, comorbidities, 
occupation and medications have been added. The questionnaire is well 
validated(173–175) and has been used in several surveys, both in Sweden  as in 
other countries (170,176–179).Figure 8 shows page number two from the 

questionnaire, including the questions regarding cough and phlegm in Swedish. 

Weight was measured with participants in indoor clothes, and height was 
measured without shoes. Body mass index (BMI, body mass divided by the square 

of body height), was divided into the categories underweight, normal weight, 
overweight and obese according to the WHO classification(180). 

Definitions  
Smoking habits were classified into the following groups: non-smokers, ex-
smokers (quit smoking since at least 1 year), current smokers, and ever smokers 
(current or ex-smoker). Smoking habits were missing in 22 subjects when data 
was analyzed in paper I. In papers II-IV, the missing cases were supplemented by 

a logical correction based on smoking habits at previous and past examinations. 
Pack-year: (number of cigarettes per day multiplied with the number of years 
smoked) divided by 20. 

Productive cough: cough and phlegm most days during at least 3 months during 
the last 12 months. Dyspnea was classified according to the modified Medical 
Research Council (mMRC) dyspnea scale (grades 0–4)(171,172). Wheeze: have 

you at any time during the last 12 months had wheezing or whistling in your 

chest? Any respiratory symptoms: at least one of the symptoms – long-standing 
cough, productive cough, wheeze, or mMRC score ≥2. Allergic rhinitis: self-
reported hay fever or allergic rhinoconjunctivitis. Asthma: physician diagnosis of 

asthma before the age of 40. Any exacerbation: contacted health care due to 
respiratory complaints during the last 12 months. Frequent exacerbations: two or 
more such events during the last 12 months. Heart disease: angina pectoris, 
previous coronary artery bypass surgery, previous percutaneous coronary 

intervention, myocardial infarction, or heart failure. Cardiovascular disease 
(CVD): any of heart disease, claudication or stroke. Diabetes mellitus (DM): have 
or have had diabetes mellitus. Anxiety/depression (A/D): have or have had 
anxiety and/or depression.  
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Figure 8. Page 2 of the questionnaire used in the OLIN COPD study. 
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Statistics 
Statistical Package for The Social Sciences (SPSS) (IBM Corporation, Armonk, 
NY, USA) versions 22-25 were used. The chi-squared test was applied for 
bivariate comparison of categorical variables.  A p-value < 0.05 was considered 

statistically significant.  

Normal distribution of continuous variables was tested using histograms and by 
calculating skewness. When normal distribution was confirmed, t-test and 

ANOVA were used.   

The risk for exacerbations was calculated in a multivariate regression model 
(paper I). Cox regression models were used to calculate risk for death, with the 

risk expressed as hazard ratio with 95% confidence interval. The proportional 
hazards assumption for the Cox regression was checked by log-log plots. To 
illustrate survival functions, Kaplan-Meier curves and Cox regression analyses 

were used (paper II-IV).  

Generally, missing answers on individual questions were not common, <0.5%, 
however, more common in questions regarding anxiety/depression, diabetes 
mellitus and claudication, n (%); 206 (13.9), 170 (11.5), 176 (11.9), and in these 

cases missing was recoded as no in paper III and IV. 
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Ethical considerations 
The OLIN COPD study was approved by the Regional Ethical Board at Umeå 
University, Um Dnr 04-045. An additional ethical approval from the Regional 
Ethics Committee at Umeå University, approval number 2015/446-31Ö was 

granted prior to applying for causes of death from the National Board of Health 
and Welfare.  

An informed consent was signed by each subject included in the OLIN COPD 

study, and the participants were informed of their right to withdraw participation 
at any point. The study design and conduction were in accordance with good 
clinical practice and the Declaration of Helsinki. All data files were de-identified 
prior to delivery to the researchers.   

Participants may be curious about their lung function and received a short 
explanation by the research assistants. However, spirometry and interview of a 

large population will result in the diagnosis of previously unknown, sometimes 

severe, pulmonary function impairment. At such occasions, the participant was 
offered a consultation by the study principle investigator and also a referral to the 
adequate level of health care. This may possibly be perceived negatively, but the 

benefit through early diagnosis and possible treatment is considered to exceed 
the potentially negatively perceived message. 

Interpersonal relationships are complex. Some participants attended the study 

for many years, and they had confidence to the staff and the OLIN examinations. 
Sometimes they could report serious symptoms and conditions, and in those 
cases, the participant was advised to contact the appropriate health care provider, 
and if considered necessary and the participant agreed, he/she was offered a 

referral to appropriate level of healthcare. 

Data on known risk factors for health were reported, especially, current smoking. 
Current smoker’s received information about available smoking cessation 

support within the local healthcare facilities.  
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Results 

The total study population at recruitment included all identified individuals with 
airway obstruction at the 2002-04 examinations, together with sex- and age-
matched non-obstructive individuals. The basic characteristics of the study 
population are shown in Table 4 A. In papers II-IV, division into new spirometric 
groups resulted in a disconnection of the original age- and sex matching, and 
basic characteristics by spirometric groups are shown in table 4 B. 
 
 
Table 4. Basic characteristics of the study population by spirometric groups1 used in 
paper I (A) and papers II-IV (B). N (%), if not presented otherwise.  

 
 

A.  Original study design, in paper I 

  Non-obstructive Obstructive 

Variables 
Non-COPD COPD 

  n=993 n=993 

Age, mean (±SD) 64.5 (11.29) 64.9 (11.38) 

Men 542 (54.6) 542 (54.6) 

Non-smoker 475 (47.8) 238 (24.0) 

Ex-smoker 392 (39.5) 424 (42.7) 

Current smoker 126 (12.7) 331 (33.3) 

 
 
 

B. Spirometric groups in papers II-IV 

  Non-obstructive Obstructive 

Variables 
NLF RSP  

Pre-not 
post-BD 

Post-BD 
(COPD) 

LLN-COPD 

  n=742 n=251 n=257 n=736 n=341 

Age, mean (±SD) 63.5 (11.36) 67.6 (10.5) 63.3 (12.3) 65.4 (11.0) 62.9 (11.28) 

Men 404 (54.4) 138 (55) 139 (54.1) 403 (54.8) 215 (63.0) 

Non-smoker 345 (46.5) 130 (51.8) 72 (28.8) 166 (22.6) 53 (15.5) 

Ex-smoker 291 (39.2) 101 (40.2) 133 (51.8) 291 (39.5) 121 (35.5) 

Current smoker 106 (14.3) 20 (8.0) 52 (20.2) 279 (37.9) 167 (49.0) 

 

1Spirometric criteria for each of the groups is presented in table 3.  
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Paper I:  
Subjects with COPD and productive cough have an increased risk for 
exacerbations and death 
 
In this paper, a clinical phenotype, those with productive cough, was identified 
within the OLIN COPD population based on data at the examinations at 
recruitment during the years 2002-2004. Mortality data was collected from the 
Swedish Tax agency from the recruitment day until February 2012.  The entire 
OLIN COPD cohort was included, n=1986, n=993 with pre-BD obstruction 
(labeled COPD) and n=993 non-obstructive (labeled non-COPD). The 
distribution by disease severity among those with COPD was 50.3% (n=499) 
GOLD 1, 41.8% (n=415) GOLD 2, and 8.0% (n=79) GOLD 3 – 4, and 45.4% 
(n=451) of the COPD population were women.  

Productive cough (affirmative answer to the question ‘have you had cough with 
phlegm most days during at least three months during the last 12 months’) and 
exacerbations (have you contacted health care due to respiratory complaints 

during the last 12 months) were more common among subject with than without 
COPD. Men with COPD reported more productive cough than women, while 
productive cough was associated with more exacerbations in both sexes.   

The cumulative mortality was higher in COPD than non-COPD, higher in men 
than women, and higher in subjects with productive cough than those without. 
Survival among subjects with and without COPD, with and without productive 
cough, respectively, is illustrated by Kaplan-Maiyer curves (Figure 9). Those with 
COPD and productive cough had the worst survival and non-COPD without 
productive cough had the best survival. 

 

Figure 9. Kaplan-Maiyer curves illustrating survival in subject with and without COPD, 

with and without productive cough (prc) (the figure was presented in paper I). 
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Subjects with COPD and productive cough had 48% increased risk for death 
compared with non-COPD subjects without productive cough when analyzed in a 
Cox regression model adjusting for sex, age, smoking habits, BMI categories and 

heart disease. In corresponding sex stratified analyses, men with COPD and 
productive cough had an increased risk for death by 63%, while the analyses 
among women yielded no significant results (Table 5).  

 

Table 5: Productive cough as risk factor for death (HR;95%CI) in the total study 
population and stratified for sex (the table was presented in paper I).  

 

 

To summarize, productive cough, a less longstanding condition than chronic 

bronchitis, was associated with an increased risk for exacerbations and risk for 
death among individuals with COPD. The risk profile associated with productive 
cough was fairly similar among men and women. 

 

Paper II:  
Pre- and post-bronchodilator airway obstruction are associated with 
similar clinical characteristics but different prognosis – report from 
a population-based study 

 
Also in this paper, the entire OLIN COPD study population was included; those 

with pre- BD obstruction were divided into pre- not post-BD obstruction (n=257) 
and post-BD obstruction (COPD) (n=736) together with the reference group 

without airway obstruction (n=993). The distribution of disease severity among 
those with of COPD was GOLD 1: 37.0% (n=272), GOLD 2: 53.5% (n=394), and 

GOLD 3-4: 10.0% (n=70).  

Compared with non-obstructive, both the groups pre- not post-BD obstructive 
and COPD reported significantly more ‘any respiratory symptoms’ and 
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exacerbations but also physician diagnosis of asthma before the age of 40 

compared to the non-obstructive referents (Table 6).  

 

Table 6. Basic characteristic of the study population at recruitment, comparing COPD, 
pre-BD obstructive and non- obstructive to each other. Significant p-values in bold (a table 

including more details was presented in paper II). 

  Obstructive   
Non  

obstructive  
    

  
Post-BD 

(COPD) 

Pre- not 

post-BD  
P1   P2 P3 

  n=736  n=257   n=993     

Any respiratory 
symptoms 

551 (75.0) 180 (70.0) 0.123 432 (43.5) < 0.001 <0.001 

Allergic rhinitis 209 (28.5) 84 (32.7) 0.203 244 (24.6) 0.137 0.009 

Asthma 82 (11.1) 36 (14.0) 0.466 37 (3.7) < 0.001 <0.001 

Exacerbation, any 160 (21.7) 46 (17.9) 0.191 89 (9.0) < 0.001 <0.001 

Heart disease 139 (18.9) 46 (17.9) 0.726 160 (16.1) 0.132 0.492 

Diabetes mellitus 66 (9.8) 25 (10.3) 0.805 98 (11.6) 0.249 0.576 

Anxiety/ depression 136 (18.5) 41 (16.0) 0.363 134 (13.5) 0.005 0.311 

 

P1 comparing COPD and pre- not post-BD obstructive, P2 comparing COPD and non-obstructive, P3 

comparing pre- not post-BD obstructive and non-obstructive.  

 

When comparing sexes, productive cough was more common among men while 
the relationship was the opposite for dyspnea defined as mMRC ≥2.  Moreover, 
women with COPD and without airway obstruction reported more 
anxiety/depression than men. 

Subjects with COPD had a higher cumulative mortality compared to pre- not 
post-BD obstructive as well as non-obstructive subjects, and the pattern was 
similar when analyses were stratified for sex. Comparing men and women, 

cumulative mortality was higher among men in all spirometric groups.  

In unadjusted analyses, the risk for death was increased by 48% among subjects 
with COPD compared to non-obstructive subjects and the pattern was similar 

among men and women, as well as among those with age >60 years. The 
increased risk for death was driven by GOLD 2 and higher, as illustrated by 
Kaplan Meier curves (Figure 10). Subjects with pre- not post-BD obstruction did, 
however, have a similar mortality as non-obstructive, besides in the age group ≤ 

60 years old at recruitment among whom the risk was (HR; 95% CI, 2.12;1.02-
4.40) compared to those without airway obstruction. 
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Figure 10. Survival among non-obstructive, pre-not post-BD obstructive, and COPD 
divided into GOLD 1, GOLD 2, and GOLD 3–4 illustrated by Kaplan–Meier curves (the 

figure was presented in paper II). 

 

The increased risk for death (HR;95%CI) among subjects with COPD when 
compared with non-obstructive remained at 24% when adjusted for age, sex, 
smoking habits and BMI categories (1.24;1.04-1.49) and the pattern was similar 
in both sexes (1.27;1.00-1.69 in men and 1.24;0.92-1.13 in women). This pattern 

persisted also when adjusted for comorbidities. In the adjusted analyses stratified 
for age groups (≤ 60 years or > 60 years at recruitment) the risk for death among 
those ≤ 60 years was no longer significant among pre- not post-BD obstructive. 

To summarize, the clinical presentation with regard to ‘any respiratory 
symptoms’, exacerbations and physician diagnosis of asthma before the age of 40 
was similar among individuals with pre- not post-BD obstruction and COPD, 

while merely those with COPD had worse survival when compared with the non-
obstructive referents. The pattern was fairly similar in both sexes. 

 

Paper III:  
The impact of comorbidities on mortality among men and women 
with COPD: report from the OLIN COPD study 
 
Subjects with airway obstruction, FEV1/VC <0.70, were divided into pre- but not 
post-BD obstructive and post-BD obstructive. The latter (n=736) fulfilled the 
spirometric criteria for COPD according to GOLD and was labeled COPD, while 

subjects with pre- but not post-BD obstruction were excluded from the analyses. 
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The distribution of COPD by disease severity according to GOLD (GOLD 1-4) was 

identical as in paper II.  

This paper also included a sensitivity analysis in which the LLN-criteria was 
applied among those with COPD, and 46.3 % were labeled as LLN-COPD (n=341).  

Among the non-obstructive referents (FEV1/VC ≥ 0.70), those with RSP, 
FEV1/VC ≥0.70 & FVC < 80% predicted, were excluded from the analyses and 
those with NLF, FEV1/VC ≥ 0.70 & FVC ≥ 80% predicted (n=742), constituted 

the reference group. Mortality data was collected until December 2015. 

The prevalence of self-reported comorbidities differed between sexes, anxiety/ 
depression (A/D) was more prevalent among women than men in both NLF and 

COPD, while men reported more cardiovascular disease (CVD) and diabetes 
mellitus (DM) than women in the COPD group but not in the NLF-group. Among 
men but not women, the prevalence of CVD and A/D were higher in COPD group 
compared to in the NLF-group. 

In total 485 (295 men, 190 women) deaths were recorded from recruitment until 
31st December 2015. The cumulative mortality was higher among men than 
women with COPD, and both men and women within the COPD groups had a 

higher mortality compared to those in the NLF groups.  

Comorbidities were analyzed as a risk factor for death in each of the spirometric 

groups, NLF, COPD and LLN-COPD in models adjusted for age, sex, smoking 
habits and BMI categories. Each of the comorbidities CVD, DM and A/D 
independently increased the risk for death among subjects with COPD, a similar 
pattern was observed for DM and A/D, while CVD had less pronounced impact 
on mortality in the NLF group. Also after adjustment for FEV1 % of predicted, the 

increased risk for death associated with these comorbidities persisted with a 
similar pattern (Table 7).  
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Table 7. Comorbidities analyzed as risk factors for death1, expressed as Hazard Ratio 

(HR), 95% Confidence Interval (95% CI) among subjects with NLF, COPD and LLN-COPD. 

Significant HR in bold (the table was presented in paper III). 

 

 

 

 

 

 

 

 

 

1adjusted for age, BMI categories and smoking habits, additionally in models marked as *also for 

FEV1 % of predicted 

 

CVD, DM and A/D were analyzed as risk factors for death in models stratified for 
sex and spirometric groups. The results indicate that CVD was a more important 

risk factor among women than men with COPD, while DM was more important 

among men, and A/D was of similar importance in both sexes (Figure 11).  

 

 

Figure 11.  CVD, DM, and A/D analyzed as risk factors for death, among men and 

women, expressed as HR; 95%CI, in a Cox regression model adjusting for age, smoking 
habits, and BMI categories (the figure was presented in paper III).            

  NLF COPD LLN-COPD 

Variables n= 742 n=736 n=341 

Cardiovascular disease 1.20 (0.87-1.65) 1.58 (1.23-2.02) 1.56 (1.09-2.22) 

Diabetes mellitus 1.46 (0.95-2.26) 1.50 (1.07-2.10) 1.65 (0.99-2.73) 

Anxiety/depression 1.54 (1.03-2.30) 1.59 (1.20-2.11) 1.51 (1.02-2.23) 

        

  NLF* COPD* LLN-COPD* 

Cardiovascular disease 1.16 (0.85-1.60) 1.50 (1.17-1.92) 1.62 (1.14-2.29) 

Diabetes mellitus 1.43 (0.92-2.22) 1.40 (1.00-1.97) 1.44 (0.87-2.40) 

Anxiety/depression 1.60 (1.07-2.39) 1.54 (1.16-2.04) 1.53 (1.03-2.28) 
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Among women, LLN-COPD, but not COPD was associated with an increased risk 

for death, independent of comorbidities, when compared with NLF. In similar 
analyses conducted among men, both LLN-COPP and COPD increased the risk 
for death when compared with NLF.  

To summarize, among individuals with COPD, there was a sex-dependent 
discrepancy with regard to prevalence of comorbidities and impact on mortality. 
CVD was more common among men but the impact on mortality seemed to be 

greater among women, and though anxiety/depression was more common 
among women, the impact on mortality was similar in men and women. 

 

Paper IV:  
Mortality by cause of death and spirometric pattern in a population-
based study 

In this paper, COPD was defined according to the GOLD spirometric criteria, 
post-BD FEV1/VC < 0.70 (n=736). Distribution of disease severity (GOLD 1-4) 
was identical as in paper II and III. The non-obstructive referents were divided 

into NLF, FEV1/VC ≥ 0.70 & FVC ≥ 80% predicted (n=742), and RSP, FEV1/VC 
≥ 0.70 & FVC < 80% predicted (n=251). Mortality data and causes of death were 
collected until December 2015. 

In total, 589 subjects died during follow-up. Kaplan–Meier curves illustrate the 
similar and worse survival among those with RSP and COPD than those with NLF 
(Figure 12), and the cumulative mortality was 25.1% in NLF, 41.4% in RSP and 
40.6% in COPD. 

 

Figure 12. Kaplan-Meier curves illustrating survival among subjects with NLF, RSP and 
COPD, respectively (illustration from paper IV, in manus).  

The cumulative mortality due to respiratory disease, cardiovascular disease and 
cancer is illustrated by the spirometric groups in figure 13. Besides these causes 

of death, dementia was the most common.  
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Figure 13. Cumulative mortality by cause of death in the spirometric                         

groups NLF, RSP and COPD (illustration from paper 4, in manus) 

 

The risk for all-cause mortality was increased by 31 and 39 % in subject with RSP 
and COPD when compared with NLF, in a model adjusting for age, sex, BMI-
categories and smoking habits. In a similar model, the risk for respiratory death 
(HR;95%CI) was increased in both RSP (2.59;1.00-6.73) and COPD (3.53;1.61-

7.72) when compared with NLF, while the risk for dying due to CVD was increased 
in COPD (1.48;1.09-2.01) but not significantly so in RSP (1.29;0.88-1.90). The 
risk for dying of cancer or dementia was similar in all spirometric groups, NLF, 
RSP and COPD. The increased risk for respiratory death and CVD death among 

subjects with COPD was driven by disease severity, GOLD 2 and higher. Analyses 
stratified by sex revieled a fairly similar pattern among men and women. 

To summarize, subjects with RSP and COPD had a similar and higher cumulative 

mortality compared to those with NLF.  Those with COPD and RSP had a higher 
risk for respiratory death, and also CVD death, though not significantly so for 
RSP, while the risk for cancer death was similar in all groups, NLF, RSP and 

COPD. 

 

  

% 
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Discussion of methodology  

In this section, basic concepts in epidemiological research are addressed in 
details as a basis to discuss weakness and strengths of the used methods. 

Bias 
According to the Oxford Dictionary, bias in research is “a systematic distortion 
of statistical results due to a factor not allowed for in their derivation”. Bias can 

occur at each step of the research process. It can be reduced but it is probably 
impossible to fully eliminate. Biases have a negative impact on both the validity 
and the reliability of research results.  

Misinterpretations of research can have a huge impact, illustrated by an example 
outside of the topic of this PhD-thesis. A study published in The Lancet 1998(181) 
suggested a relation between measles-mumps-rubella vaccine and autism in 
children. The study population included 12 children. Due to detected bias and 
misinterpretation the study was retracted in year 2000. Indeed, until today, there 
is a global problem with lower rates of vaccinations, compared to the years before 

this study. The mankind most effective preventive measures ever (vaccinations) 

is thus jeopardized by the study. 

Selection bias 
Selection bias is a challenge in quantitative studies and may contribute to that the 

selected study objects will not be representative for the targeted population. It 
can be caused by selection due to exclusions criteria and, another common cause 
is a high proportion of non-participants or missing answers. The healthy survivor 
effect is a specific type of selection bias that has to be considered especially in 

longitudinal studies, and a simplified explanation is that subjects with a higher 
burden of the disease may not be able to participate or die earlier.  The healthy 
survivor effect must be considered when for example analyzing cross-sectional 
follow-up data in a longitudinal study including repeated measurements over 
time. Do we have to consider selection bias with regard to the study population 

in this PhD-thesis?      
                                                                                                                   

One important factor is that due to the selection of the study population invited 
in 2002-2004, there was an enrichment of subjects with respiratory symptoms. 
However, also a possible healthy survival effect may be present from the original 
cohort’s I-IV recruited during the 1980s and 1990s. What about missing answers 

from questions during the structured interview? Overall, we had a high 
responserate on all questions, missing data was <0.5%, however not for the 
questions on A/D, DM and claudication where the missing answer were above 
10% (13.9%, 11.5% and 11.9%, respectively). In these cases, missing answers were 

recoded as no, and thus probably the importance of comorbidities were not 
overestimated. 
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Information bias 
Information bias is an in-accuracy when information is collected or tests are 
performed. In data from interview and questionnaires, recall bias can occur, this 
can happen when the study subjects do not remember specific events, or omit 
details. There are measures to reduce the impact of information bias, by for 
example using validated questionnaries’ (in this thesis, for example, on 
respiratory symptoms and conditions). Information bias can be also introduced 
due to malfunction of test methods and instruments. An example to reduce such 
bias in our study is quality control for the spirometry, including daily calibration. 
 
Confounding bias 
Ideally, the outcome is associated with the exposure, however, confounding 
factors affect both exposure and outcome (Figure 14). To classify a variable as 
confounder, the confounder can not be a part of the natural pathway in between 
exposure and the studied outcome. To handle confounding in cohort studies, a 
regression model adjusting for possible counfounders can be used, another way 
is to conduct stratified analyses. 
 

 
 

Figure 14. Illustrating the relation between exposure, outcome and confounder 

 

Validity 
The term validity in epidemiological research refers to what extent the designed 
study and method can answer the research question. Internal validity in other 
words refers to how correct the results and conclusions of the study are. Internal 
validity thus means that other reasons for the observed results can be ruled out, 

i.e. bias is not distording the results. Even thougt there are measures that can be 
taken to reduce bias and the impact of confounding (as discussed above), such 
impact can not be fully ruled out, and there may, for example, be residual 

confounding.  External validity relates to the degree to which the results can be 
generalizable to the population, from which study sample was recruited. High 
external validity requires that there is a high internal validity.  
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Reliability 
Reliability refers to the ability to reproduce the results and is dependent on that 
data is collected using standardized methods that minimize the risk of 
inaccuracies. The results and conclusion can be considered reliable if they can be 

reproduced.  The use of standardized test and methods enhance the reliability.  

In our study, the following exemplifies measures for reaching satisfactory 
reliability. We used standardized protocol to perform spirometry and spirometers 

were controlled daily. A well validated questionnaire was used and a limited 
number of well trained research assistants performed data collection.   

Rationale behind the study design and recruitment of 

study population  
COPD is a common disease, however, under-diagnosed. The under-diagnosis is 
related to the diseases severity(62,63). The majority of COPD subjects have mild 

to moderate disease and are thus less likely to be enrolled in medical records and 
registers. As a result, register and healthcare-based studies on COPD represent 
only the top of an ice berg, i.e, individuals with more severe disease. Population- 
based studies are time- and resource consuming and thus expansive, indeed, they 

are inevitable to understand the burden and prognosis of COPD in the society. 

The recruitment of the OLIN COPD study is described in the method section. The 
cohort was identified after re-examination of four previously identified adult 
OLIN cohorts between 2002-2004(182). An absolute majority of subjects with 
COPD had mild- to moderate disease, GOLD 1-2 (FEV1 % predicted ≥ 50% 
predicted). Disease distribution is in agreement with other population based 
cohorts(54,60), thus we consider the external validity to be good. 

All papers in the thesis includes cross sectional interview and spirometry data 
from recruitment in 2002-04, in addition, mortality data were collected annually, 
and in the papers presented up until February 2012 (paper I), December 2014 
(paper II) and in December 2015 (paper III and IV), respectively. Registration of 

mortality and causes of death are compulsory in Sweden, however, a limited 
number of subjects have immigrated, and were thus lost to follow up (n=6).  

Matching 
The reference study population, without airway obstruction, was matched by age 
and sex relative to the COPD cohort.  However, the original age and sex-matching 

at recruitment was not maintained during the regular follow-ups. The original 
matching was also disconnected when analyzing data with the study population 
divided into different spirometric groups such as applying the LLN-criterion for 
COPD among those identified by the fixed ratio criteria, and also when dividing 

non-obstructive into normal lung function (NLF) and restrictive spirometric 
pattern (RSP).  
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Questionnaire and structured interview 
Comorbidities, respiratory symptoms and conditions were self-reported, based 
on data collected during the structured interviews. How much confidence can we 
have in self-reported data? 

As previously mentioned, the used questionnaires are well validated(173–175) 
and have been used in other epidemiological studies(170,176–179). Interviewer 
bias may be a problem, however, a limited number of research assistant were 

involved in collecting data, and there were regular follow-ups within the group to 
minimize inconsistency due to inter-interviewer and intra- interviewer bias. Still, 
we can not exclude presence of recall bias, but most questions regarding for 
example respiratory symptoms relate to current symptoms or symptoms during 
the last 12 months, i.e. a limited time period, and a systemic error is unlikely. 

Data on comorbidities were collected, and in this PhD-thesis, the following were 

of main interest; heart disease, stroke, claudication (cardiovascular disease), 

diabetes mellitus and anxiety/depression. How much confidence can we have in 
self-reported conditions? According to an Australian study, cardiovascular events 
were unlikely to be unreported, when collected self-reported data were compared 

with data in healthcare register(183). The agreement between self-reported 
diabetes mellitus and cerebrovascular disease, respectively, and medical records 
was rather high also according to a Dutch study, while moderate for acute 
myocardial infarction (AMI)(184). In a large Spanish population-based study the 
sensitivity for self-reported stroke was 81% and 98% for AMI, and the specificity 
was >99% for both when compared with medical records (185). In a US study, 
self-reported diabetes mellitus, hypertension, AMI and stroke, but not heart 
insufficiency, had a good agreement when compared with medical records. 

Regarding depression, we have found only one study, and in this Spanish study, 
self-reported physician diagnosis of depression among university graduates was 
confirmed in 74% when assessed by clinical examination(186). 

To summarize, validity studies with regard to self-reported heart disease, 
cardiovascular diseases and diabetes mellitus, show a fairly good agreement 
between self-reported conditions and medical records. The referred validity study 

on depression also showed a fairly good agreement. 

Spirometry 
The dry volume spirometer, Minjhardt Vicatest spirometer was used, and an 

earlier version of the spirometer was in 1990 compared with  61 other type of 
spirometer, and it was “best in test(187). Dry type of spirometers were also used 
in other large population based studies as the NHANES(188) and the 
ECRHS(189) . Calibration/quality check of the spirometers were performed on a 
daily basis. The lung function testing followed The American Thoracic Society’s 
standardization of spirometry published in 1994(15), however, the spirometry 
was performed without a nose clip and with the participant in standing position. 

The research assistants conducting the lung function tests were well trained. 
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Reversibility testing 
Reversibility testing was performed 15 minutes after the inhalation of Ventoline® 
4 x 0.2mg among all subjects with FEV1/VC<0.70 or FEV1 < 80 % of predicted. 
Not fully reversible airway obstruction is included in the definition of COPD, thus 

post-BD spirometry is mandatory for the diagnosis of COPD. Even though a 
substantial proportion of subjects with COPD can exhibit significant increase in 
FEV1 after inhalation of bronchodilation(190), still, the airway obstruction 
remains. 

FVC or SVC as denominator when assessing the quotation to FEV1.?  
The best value for FEV1, FVC and SVC, respectively, were used after at least three 
but maximum of eight measurements. VC was defined as the best value of FVC 

and SVC. According to the GOLD document(24), FVC is stated as the 
denominator when calculating the ratio to FEV1 to define airway obstruction. 

Still, in the same GOLD document it is mentioned that VC can be used as 
denominator when calculating the ratio; “The ratio between FEV1 and slow vital 

capacity (VC), FEV1/VC, is sometimes measured instead of the FEV1/FVC 

ratio”(24,25). The use of FVC or SVC as denominator has been discussed in the 
Introduction section. Around the time of the design of the OLIN COPD study, 

there was a paper in the European Respiratory Journal(61), in which also the 
previous European Respiratory Society’s criterion for airway obstruction in 
COPD using VC and not FVC were included; 88% of FEV1/VC among men and 
89% of predicted among women(26). 

Based on the above, it was in our research group considered relevant to use the 
spirometric criteria for airway obstruction as described; highest value of FEV1/ 
highest value of FVC or SVC. Furthermore, by using this definition of airway 

obstruction, we also increased the possibility to include those with early mild 
COPD affecting the small airways. 

The use of different spirometric criteria  
The OLIN COPD study was designed after the shift of the millennium, shortly 
after the launch of the GOLD document in which the post-bronchodilator fixed 
ratio, FEV1/FVC<0.70 was used to define airway obstruction in COPD. The study 

design of the OLIN COPD study was thus in accordance with the, at that time, 
accepted fixed ratio criterion of airway obstruction. The fixed cut off criterion is 
easy to use, however, the use of a fixed ratio may overestimate the prevalence of 
COPD among elderly and include healthy non-smoking subjects (35). The use of 

the LLN criterion to define airway obstruction COPD is considered more 
physiological and, LLN is now recommended to be used in epidemiological 
research(39). This is the reason why we in paper III also applied the LLN criterion 
among those with COPD according to the post-BD fixed ratio criterion. Most 

clinical guidelines use the fixed ratio criterion, but still, it is sparsely studied and 
of importance to evaluate possible differences regarding the pattern of clinical 
picture and prognosis between the populations identified by the fixed ratio and 

the LLN- criterion, respectively. However, when applying the LLN criterion in a 
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COPD population fulfilling the fixed ratio criterion, it has to be noted that subject 

fulfilling the LLN criterion, but not the fixed ratio criterion in the general 
population will be missing(59). 

It was, and still is, rather common that large epidemiological studies on COPD 

include merely pre-bronchodilator spirometry, as for example the Copenhagen 
General Population study(153), the Copenhagen City Heart study(154), the 
NHANES(110) and other large studies in the US(134), and in Europe, the 

ECHRS(191,192). Also in paper I in this thesis, airway obstruction was used 
without taking post-bronchodilator values into account. Still, current guidelines 
for definition of airway obstruction in COPD clearly state that post-
bronchodilator spirometry should be used and it has been shown that pre-

bronchodilator spirometry may overestimate airway obstruction by up to 
27%(30). To discriminate for airway obstruction in line with the current 

guidelines for COPD, we decided to use spirometry with persistent airway 
obstruction after bronchodilation in papers II-IV. However, we did also present 

individuals with pre- but not post-BD spirometry besides the post-BD obstructive 
(COPD), and both groups were compared with the non-obstructive referents in 
paper II. Not only in population based studies, but also in the clinical setting, 

merely pre- BD spirometry is often used in diagnosis of COPD(91), why these 
comparisons are of importance. In paper III and IV, those with pre- but not post-
BD obstructive were excluded from the analysis (Table 3). 

The group of non-obstructive individuals also includes individuals with 
restrictive spirometric pattern (RSP). It is known that the RSP group has a high 
burden of morbidity and mortality(193). The prevalence of RSP in the population 
is reported in the range of 7-11%(194) and may thus be comparable to that of 

COPD. The high disease burden of RSP is the reason why we excluded subject 

with RSP from the non-obstructive group in paper III, and those with normal lung 
function (NLF) were compared with COPD defined by the fixed ratio and also 

when applying the LLN criterion. 

Also in paper IV, we used NLF in comparison with COPD, evaluating mortality 
and cause of death. However, we also wanted to examine the RSP group with a 
high burden of disease in this context. 

Still, in all papers, the classification by spirometric criteria was based on 
measurement at merely one occasion, and the intra-individual consistency of 
spirometric finding is most probably not 100%. This is especially of relevance 

with regard to borderline cases, with for example a FEV1/VC just around 0.70. 
However, in a large population based sample as in the OLIN COPD study, any 
systematic error is unlikely. 
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Reference values 
A short overview of different reference values is given in the section Introduction. 
The Swedish reference values by Berglund, published during the 1960s, have been 
widely used in OLIN studies over the last decades, as the reference value for FEV1 

agrees well with FEV1 among adults in northern Sweden(40). The OLIN-studies 
reference values for adults(49) are based on a representative non-smoking 
healthy population (n=501 in the ages 22-91 years) in the county of Norrbotten 
and have, since they were published in 2015, been used within the OLIN-group. 

The OLIN reference values include the spirometric parameters FEV1, FVC, SVC, 

VC, and also FEV1/FVC and FEV1/VC. 

The now widely recommended GLI reference values, fit reasonably well in the 

reference population from northern Sweden, however, may give incorrect 
estimates of the prevalence of COPD when using the LLL-criterion for airway 
obstruction, especially among women(40). 

We used the Berglund reference values in paper I, as at the time of writing this 
paper, these were the best evaluated with regard to FEV1 when to classify disease 
severity in COPD according to GOLD 1-4 in the population under study. In the 
following papers, II-IV, we used the OLIN reference values, considered to be the 

best representative values for the population under study. Furthermore, they 
included all spirometric parameters necessary for the definition of different 
spirometric groups based on dynamic spirometry. 
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Discussion of main results 

There is a major under-diagnosis but also misclassification of COPD, clearly 
related to disease severity(30,37,38,62,86). By population based COPD studies, 

as the OLIN COPD study, it possible to identify even subjects with mild and 
moderate disease. In this PhD-thesis we used different spirometric criteria for 
airway obstruction, clinical characteristics and comorbidities to identify clinically 
meaningsful phenotypes of COPD, and mortality was used to evaluate their 

prognostic impact. Importantly, comparisons were made with non-obstructive 
referents, further divided into NLF and RSP in papers III and IV. In the last paper, 
paper IV, also specific causes of death were evaluated. Furthermore, in all papers, 
possible sex differences were evaluated. Besides including sex as a risk factor in 
multivariate analyses, we also conducted analyses stratified for sex.   

 

The bronchitis phenotype   
Already during the mid 80’ies there was a publication by Annesi et al., with the 
striking title “Is respiratory mucus hypersecretion really an innocent disorder?”, 
as a follow-up of around 1,000 men reviled that, besides lung function, also 

mucus production was associated with higher mortality(195).  

As described in the introduction of this thesis, chronic bronchitis was addressed 
as a major health challenge after the Great Smog Catastrophe in London in the 

middle of the last century. Chronic bronchitis is defined “as having chronic or 
recurrent excessive mucous secretion in the bronchial tree.", and the chronicity  
was defined as ”cough and phlegm fines as occurring on most days for at least 

three months in the year during at least two years”(10). This clinical based 
definition including the two years duration still is the standard definition of 
chronic bronchitis. The chronic bronchitis phenotype in COPD is a well 
established and verified phenotype(196–198). The prevalence of chronic 

bronchitis varies largely, from 3.4-22% in general population up to 74% in COPD 
populations(199). Variation in prevalence could be related to the under-diagnosis 
of chronic bronchitis, and/or different definitions of bronchitis. However, 
alternative definitions of bronchitis symptoms have been applied in studies 

where, for example, cough and phlegm with duration less than two years, was 
described to be associated not only decline in lung function and mortality(200) 
but also hospitalization (201).  

In paper I, the term productive cough corresponded to an affirmative answer to 
the question “have you had cough with phlegm most days during at least three 
months during the last 12 months? ". Thus, similar terminology as in the classical 

definition of chronic bronchitis, but with a shorter duration, merely one year. 
Similar alternative definitions was previously applied in the Copenhagen City 
Heart Study and in the Lung Health Study(201–203). The prevalence of 
bronchitis symptom was higher among non-obstructive individuals in our study 

than in the above referred studies, which is explained by the recruitment process, 
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as previously described, including an enrichment of individuals with respiratory 

symptoms.  

In paper I, productive cough was more common among men than women within 
the COPD group, and non- significantly so also among those without COPD. 

Chronic bronchitis was also more common among men than women in a Finnish 
population based study(204) and also in other studies(119,120,205,206). It has 
been reported that women may underreport bronchitis symptoms compared to 

men (121), and this may, at least partly, explain the observed sex differences.  In 
paper I, COPD was defined according to GOLD criteria, however, pre- 
bronchodilator spirometry was used which may overestimate the number of 
individuals with COPD and include also elderly non-smoking subjects without 

respiratory symptoms(92,207). Still, it is of clinical importance that the less long-
standing symptom productive cough, is of prognostic importance among those 

with airway obstruction in a population based study. 

In the Lung Health Study, including smokers with mild- to moderate COPD, 
chronic productive cough was associated with a higher mortality, and also a more 
rapid decline in lung function(200). The findings in paper I are in line with the 
above referred studies, and the highest mortality was observed among subjects 

with both COPD and productive cough, followed by non-COPD with productive 
cough.  

 

Exacerbating phenotype 
An exacerbating phenotype has also been described (125), and so has the 
association between chronic bronchitis and exacerbations(120). Also less 

longstanding cough with sputum production was associated with exacerbation in 
a large French study based on data from a COPD cohort recruited from university 
hospitals(208) and in a  Korean cohort of COPD patients(198). However, our 
results indicate that productive cough, with shorter duration than the 2 years 
which are required to meet the criteria for chronic bronchitis, was associated with 

exacerbations, not only in COPD, but also among those without COPD, and in 
both sexes. Sex stratified analyses regarding risk for exacerbations have rarely 

been addressed in population based studies. In a previous study from the OLIN 
group, we have also shown that sputum production almost doubled the risk for 
incident COPD, independent of sex, age and smoking habits(209). Thus, sputum 
production not only seem to worsen the prognosis among those with COPD, but 

may also increases the risk for developing COPD. 

Our results show that productive cough, i.e. less longstanding symptoms than 
chronic bronchitis, is a powerful risk factor for exacerbations and death, 
independent of age, smoking habits, BMI, and heart disease. In the sex-stratified 
analyses, men with COPD and productive cough, had an increased risk for death 
of 63%, while the risk among women did not reach statistical significance. In a 

previous Swedish population based study(210), male sex and chronic bronchitis 
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were risk factors for death among individuals with normal lung function as well 

as mild- to moderate COPD. However, in this study subjects with comorbidities 
(heart disease, diabetes, stroke and cancer) were excluded and furthermore, 
merely one maneuver of lung function testing was performed and no post-

bronchodilator test.  

 

Clinical phenotype related to airway obstruction 
In order to reduce misclassification in COPD(86,93,94), all current guidelines 
recommend the use of post- bronchodilation spirometry to demonstrate airway 
obstruction in COPD. However, spirometry is an under-utilized diagnostic tool 
and when performed, merely pre- bronchodilator spirometry may be used as a 
basis for COPD diagnosis in clinical practice(91). This pattern was also confirmed 
in a previous primary care study from Spain, according to which merely 58% of 
patients with COPD had data on spirometry whereof merely 32% had post-

bronchodilator spirometry(211), a slightly better results with regard to proportion 
of post- BD spirometry was found in a US study(212). As previously discussed in 
this thesis, many large population based COPD studies are based on merely pre-
bronchodilator spirometry(91,212).   

In paper II we found that 26% of those with pre-BD airway obstruction, airway 
obstruction did not persist after bronchodilation, and thus did not fulfil the 
spirometric criteria for COPD. A similar result was found in a Norwegian 

population(30). 

An important question is if it is possible to distinguish subjects with COPD among 
those with airway obstruction demonstrated by pre-BD spirometry. One could 

expect that the pre- but not post- BD obstructive are  less symptomatic or present 
a different clinical profile than those with COPD, but Paper II revealed that those 
with pre- not post- BD obstruction had similar burden of ‘any respiratory 
symptoms’ as those with COPD. In addition, pre- not post- BD obstructive and 
those with COPD reported similar prevalences of asthma diagnosis before the age 

of 40, allergic rhinitis, exacerbations and comorbidities. Thus, it was not possible 
to differ between the two groups by clinical presentation making pre- not post- 

BD obstructive subjects at obvious risk of being mislabeled as having COPD if not 
post-BD spirometry was performed. It should be emphasized that in this paper, 
we are discussing persistent FEV1/VC < 0.70 after bronkodilation and not FEV1 
reversibility. FEV1 reversibility per se has no place in COPD diagnosis (25), but 

significant FEV1 reversibility is not uncommon among individuals with COPD. 
According to a recent publication, the FEV1 reversibility (FEV1 ≥ 12% and 200 
mL) was 18.4% among subjects with COPD in three large population based 

studies, amongst all BOLD and ECRHS III(190).   

Even though the clinical characteristics were similar, the prognosis, assessed as 
mortality, differed between the groups in our study. Pre- not post-BD obstructive 

had a lower cumulative mortality and lower risk for death compared to COPD, 
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and the risk for death was similar as for the non-obstructive group. Among those 

with COPD, mortality was further associated with disease severity, and was 
driven by those with GOLD stage 2 and higher. In a just recent publication from 
a Norwegian population based study(129), an increased risk for death was 

observed also among those with pre- but not post-BD obstruction, however, in 
this study, comparison was made with a reference population with normal lung 
function.  This may explain the difference compared to our results, as we 
compared with the non-obstructive referents, including individuals with RSP 

with a known increased burden of morbidity and mortality.  

In paper II, we found that an increased risk for death among subjects with COPD, 
particularly GOLD stage 2-4, persisted not only when adjusted for age, sex and 

smoking habits, but also for comorbidities such as heart disease, diabetes mellitus 
and anxiety/depression. The pattern was similar among both men and women, 

even though not reaching statistical significance. Subjects with pre- not post- BD 
obstruction did not have an increased risk for death in this model. However, in 

unadjusted analyses, having pre- not post- BD obstruction at the age ≤ 60 was 
associated with increased risk for death, and this pattern was not observed among 
subjects with COPD in the ages ≤ 60. This finding is difficult to explain, has not 

previously been described, and deserves further attention.                                        

Even though the under-diagnosis of COPD still is a huge challenge(85–87), the 
results of paper II highlights non-adherence to guidelines with regard to post-BD 

spirometry for the diagnosis of COPD as an additional, probably major risk factor, 
contributing to mislabeling a large number of subject with COPD. There are 
several factors associated with worse prognosis among individuals with COPD 
such as exacerbations (124), comorbidities (145) and multifaceted approaches 

like the BODE index (based on BMI, airflow obstruction, dyspnea and exercise 

capacity) (213) and the DOSE index (based on dyspnea, obstruction, smoking and 
exacerbations) (214). However, the simple basic diagnostic procedure requiring 

post-BD spirometry for COPD may be the first step of importance for identifying 
individuals with worse prognosis. Still, the recently published data from Norway 
(129) calls for further evaluation regarding the clinical meaning of the spirometric 
finding pre- but not post-BD obstruction. 

 

The COPD phenotype with comorbidities  
The increased mortality among subjects with COPD is probably related to the 

burden of comorbidities(68,140). There have even been attempts to assess the 
burden of comorbidities as a “comorbidome” among patients from pulmonary 
clinics, also suggesting a scale for risk assessment based on comorbidities (213). 

There are also publications which delineates COPD with comorbidities as a 
specific phenotype (146,215). Endemic diseases such as CVD, DM and anxiety/ 
depression are common comorbidities among subjects with COPD, and reported 
to be more common than among those without COPD(132,134,141,216). 
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Paper III confirms that cumulative mortality is higher among men than women, 

and higher among subject with COPD than NLF. Additionally, paper III 
confirmed a sex-dependent difference with regard to 
comorbiditites(100,144,217), and comorbidities did affect the survival among 

men and women differently. Though CVD was more common among men, it 
seemed to be more related to mortality among women, while anxiety/depression, 
though being more common among women seemed to have a similar negative 
impact of the survival in both sexes, with 60% increase in the risk for death. The 

results of our study further support the possibility that CVD among women and 
anxiety/depression among men are under-diagnosed(218). According to a 
Swedish study, men and women with depression were treated fairly similarly with 
regard to prescription of medication and sick leave when they were in touch with 

health care providers (219). Still, men who had been diagnosed with depression 
hade higher mortality than women in a UK based study(220). It is, however, 
important to emphasis that anxiety/ depression increased the risk for death by 

54% even in the NLF group.         

Each of the major comorbidities CVD, DM and anxiety/depression increased the 
risk for death by 50-59% in COPD, independent of age, sex, smoking habits and 

BMI-class. The increased risk persisted even after adjusting for FEV1% of 
predicted (Table 2, paper III), in contrast to findings from a population based US 
study where the impact of comorbidities on mortality was related also to FEV1% 
predicted(134). However, this study(134) included merely pre- bronchodilator 

spirometry and further, hypertension and not anxiety/ depression was analyzed 
as a comorbid condition. The impact on mortality of each of the comorbidities 
under study has been described in different studies(136,137,139,221,222). 
However, the impact of comorbidities in COPD is often addressed by the use of 

register data(134), in which the under-diagnosis of COPD affect the results. 
Furthermore, most studies evaluate merely the effect of one comorbidity, while 
our study evaluated the impact of three common comorbidities at the same time. 

In paper III we also applied the LLN-criterion, which were fulfilled by 47% of 
those with COPD according to GOLD, and only 37% of them where women. 
Subjects classified as obstructive according to GOLD but not to LLN are rarely 

studied, however, in an Austrian study, subjects with "Discordant Airways 
Obstruction", were more likely to be older men with more respiratory symptoms 
and more CVD than non-obstructive subjects(59). This group was not adressed 
in our study and merit further studies. 

When the LLN criterion was applied, the impact of comorbidities on mortality 
among men and women with COPD persisted with a similar pattern. However, 
further analyses indicate that the LLN criterion among women identifies subjects, 

where the respiratory condition had a greater impact on mortality than the 
comorbidities. To best of our knowledge, there are no comparable studies. 
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Causes of death in relation to spirometric criteria 
As clearly shown in papers I-III and also by others, the mortality rate is higher 
among individuals with COPD than those without(161,188,223,224), and we can 
conclude that clinical characteristics such as bronchitis and exacerbations as well 

as presence of comorbidities are of importance.  Still, the specific cause of death 
among individuals with COPD is rarely studied in population based samples. The 
substantial under-diagnosis of COPD(62,63,225), means that register based 
studies on causes of death among subjects COPD will, first of all, greatly 

underestimate the mortality among subjects with COPD and secondly, give data 
merely among those individuals identified as having COPD, i.e, less than every 
third in the population. Epidemiological studies on causes of death among 

subjects with COPD are scarce. Also the increased burden of morbidity and 
mortality among individuals with RSP(193), deserves further attention, why we 
also decided to evaluate mortality and specific cause of death in this group.  CVD 
and cancer are globally, as well as in Sweden, the major causes of death(168,226), 
and we expected that respiratory cause of death is of importance among 
individuals with COPD. In paper IV, we could confirm that CVD and cancer are 
the major underlying causes of deaths in all the spirometric groups, RSP, COPD 
and NLF. The causes of RSP are heterogenic, and in paper IV it was as a common 

condition, present in 12,6% within the non-obstructive group, comparable to 

findings in other populations(227). RSP was associated with a 30% increased risk 
for all cause mortality when compared with NLF, and this was on a similar level 

as among those with COPD. 

There are population based studies describing the increased risk for respiratory 
death among subjects with COPD. In a 30-year follow-up of Finnish adults, the 

risk for respiratory death among individuals with COPD was increased by 40% 
compared to among non-obstructive individuals(161), however, in this study, 
subjects with RSP were included in the non-obstructive reference group, and 
COPD was based on pre-bronchodilator spirometry, still using both the fixed 

ration and the LLN-criterion. In the Copenhagen City Heart Study (CCHS), the 
24 years cumulative respiratory mortality among those with COPD was 7.7-
26.0%, dependent on COPD severity, while in RSP 5.8%, however, also in this 
study pre- bronchodilator spirometry was used(154). For comparison, in our 

study both RSP and COPD had an increased risk for respiratory death compared 
to those with NLF, and the risk remained in the adjusted models (HRs 2.59 and 
3.53).         

The cumulative CVD mortality after 10 years was similar and higher in RSP and 
COPD, around 16%, than in NLF, 9.8%, Subjects with COPD had a 48% higher 
risk for CVD mortality when compared to NLF, while among RSP the risk was 

non- significantly increased by 29%. In our study, up to 40% of deaths in all 
spirometric groups were caused by CVD, compared to 27% of deaths over 3 years 
in the TORCH study(166) and 15% within the UPLIFT study1(165). However, both 
the TORCH and the UPLIFT studies included selected samples of individuals 
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with moderate to severe COPD, and further, different follow up times and 

different definitions of airway obstruction were used. 

Overall, the risk for cancer death was rather similar in all groups, NLF, RSP and 
COPD. However, lung cancer was a major cause of cancer death among subjects 

with COPD, 9 times more common as in the NLF group and 4 times as in the RSP 
group. This is less than in the Lung Health study(165), where as much as 38% of 
all deaths were due to lung cancer, however, the COPD population in the Lung 

Health study was a selected population of smokers with mild- to moderate COPD 
at inclusion. 

There are hardly any comparable studies on specific cause of death in a well- 

defined COPD cohort including post-BD spirometry, and the register of cause of 
death at the Swedish National Board of Health and Welfare is covering in 
principle 100 % of all deaths. However, a great majority of death certificates are 
based on clinical examinations and not autopsies, which brings some 
uncertainties to the information given. According to WHO, autopsy rates in the   
Nordic countries were 16% in year 2002 and 11% in 2015(228), why the data given 
in the Finnish and Danish previously referred studies (154,161) are based on 
similar data. Actually, according to WHO, there is a downward trend all over the 

world regarding the proportion of autopsies among the deceased(228). To 
summarize, the data presented in paper IV can be considered as “as close we can 
get” regarding specific causes of death among individuals with COPD in the 

society. Furthermore, the high mortality and cause of death profile among those 
identified by RSP deserve further studies of the underlying conditions 
contributing to their risk profile. 
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Conclusions  

In this population-based study, simple clinically applicable measures were used; 
dynamic spirometry with reversibility testing, self-reported respiratory 

symptoms and comorbidities and further, also evaluation of prognosis assessed 
as mortality. Moreover, possible sex differences were addressed in each section. 
Thus, the results are not only considered generalizable to COPD in the population 
but also transferable to clinical practice without delay. 

Productive cough during the last 12 months, i.e. less longstanding symptoms than 
chronic bronchitis, was common in COPD, however, more common among men. 
Productive cough was associated with worse survival and an increased risk for 

exacerbation in both sexes, with and without COPD, respectively. The increased 
risk for death persisted among those with COPD and productive cough, 
independent of confounders. Thus, the bronchitis phenotype is associated with 
worse prognosis and can easily be identified among those with COPD.  

The use of merely pre-bronchodilator spirometry contributes to misclassification 
of COPD. The burden of ‘any respiratory symptoms’, history of exacerbations or 

asthma before the age of 40 can not distinguish between those with pre-
bronchodilator airway obstruction and COPD (post-bronchodilator 
obstruction). Still, those with pre- not post-bronchodilator obstructive have 
better survival than those with COPD. Mislabeling them as having COPD is not 

only incorrect, but also of importance concerning being able to assess the 
patient's prognosis. This conclusion is applicable both in men and women. Thus, 
our results emphasize the use of post-bronchodilator spirometry in the diagnosis 
of COPD. 

There were sex-dependent differences concerning the prevalence of 

comorbidities and their impact on mortality. CVD was more common among men 
with COPD while anxiety/depression was more common among women. 

However, CVD seemed to have a greater impact on mortality among women than 
men, while anxiety/depression increased the risk for death similarly in both 
sexes. The pattern was similar when the LLN criterion was applied. The results 

call for increased awareness in the clinical situation regarding sex differences in 
relation to the prevalence and prognostic significance of comorbidities.  

Those with RSP and COPD had a similar and worse survival than those with NLF. 

In all spirometric groups, CVD was the most common cause of death, followed by 
cancer. COPD and RSP had an increased risk for death due to respiratory 
diseases, compared to NLF. COPD had an increased risk for CVD death, and non-
significantly so also RSP. The increased risk for respiratory as well as CVD death 

among those with COPD was driven by disease severity, GOLD 2 and higher. Each 

of the groups, NLF, RSP and COPD had a similar risk for cancer death.  
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Future perspectives  

This results in this thesis has brought forward the knowledge regarding clinical 
phenotypes in COPD by evaluating spirometric findings, respiratory symptoms, 

and comorbidities concerning prognosis. The results from my PhD-project has 
given rise to new questions about the clinical expression among individuals with 
obstructive airways. 

The prognostic important symptom productive cough is defined by a simple 
question. Are there underlying mechanisms where preventive measures could be 
introduced? Do these individuals develop bronchiectasis later? Could we 
objectively identify sub-types with worse prognosis, for example, related to 

bacterial flora or disturbed microbiome?   

What about the group with pre- but not post-bronchodilator obstructive? Do they 

have asthma? Do they have a normal rate of decline in lung function? Do they 
develop COPD, and if so, what are the predictors for incident COPD in this group 
compared to in the non-obstructive group? Is there a difference in health 
economic costs for this group compared to those with COPD or the non-

obstructive?  

When the LLN criterion is applied to define airway obstruction, a substantial 
proportion of subjects fulfilling the fixed ratio criteria will be classified as non- 
obstructive according to LLN. This group has been labeled the discordant 

obstructive in a publication from the Austrian BOLD center. Clinical population-
based studies of discordant obstruction are largely missing, it is important to 
increase the knowledge regarding their clinical expression and, for example, lung 

function decline and other prognostic measures. 

The observed risk profile associated with the restrictive spirometric pattern needs 
to be explored. Can we reveal the underlying conditions or factors contributing to 

their increased mortality? Is it possible to identify possible preventive measures? 
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