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Abstract  
 

Articulating a satisfactory definition of a disease is surprisingly 

difficult. Despite the alarm- ing individual, societal and 

economic burden of chronic obstructive pulmonary disease 

(COPD), diagnosis is still largely based on a physiologically 

dominated disease conception, with spirometri- cally 

determined airflow limitation as a cardinal feature of the disease. 

The diagnostic inaccuracy and insensitivity of this 

physiological disease definition is reviewed considering 

scientific developments of imaging of the respiratory system in 

particular. Disease must be approached as a fluid concept in 

response to new scientific and medical discoveries, but 

labelling as well as mislabelling someone as diseased, will 

have enormous individual, social and financial implications. 

Nosology of COPD urgently needs to dynamically integrate 

more sensitive diagnostic procedures to detect the breadth of 

abnormalities early in the disease process. Integration of 

broader information for the identifica- tion of abnormalities in 

the respiratory system is a cornerstone for research models of 

underlying pathomechanisms to create a breakthrough in 

research. 
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Introduction  
 
Chronic obstructive pulmonary disease (COPD) is a public 

health challenge associated with a significant morbidity and 
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mortality. COPD led to 3.2 million deaths in 2015 and was 

estimated to become the third most common cause of death in 

2030 [1–3]. Worldwide preva- lence is estimated around 10% 

and 174.5 million people are diagnosed with COPD [1,4]. 

This represents an increase in prevalence of 44.2% and an 

increase in mortality of 11.6% since 1990 [1]. COPD is 

estimated to be the 9th most influential disease in increasing 

disability-adjusted life years [5]. 

 

Besides the disease burden, COPD is associated with 

substantial economic costs. In the European Union, the total 

direct costs are estimated to be about 3% (EUR 38.6 billion) of 

the total health care budget [6]. Similar figures are reported for 

COPD in the United States: in 2010, it caused USD 30 billion in 

direct medical costs and USD 20 billion in indirect costs [7]. 

The actual societal costs are substantially higher due to excess 

health care utilisation, work absence and premature retirement 

[8]. 

 

Confronted with all these alarming figures and predictions, the 

definition of COPD is still largely descriptive and in the absence 

of a clear etiological origin dominated by non- remitting airflow 

obstruction as the pathophysiological characteristic in which the 

diseased group differs from the norm [9–11]. Otherwise, 

considering a disease as a description of those abnormal 

phenomena observed in a group of organisms with a disturbed 

function or structure, four principal methods are described to 

define the disease condition: clinical, morbid anatomical, 

functional or physiological and aetiological. Defining the 

disease as a physiological malfunction independent of 

subjective experience and social conventions fits with the 

nosological approach in the mid-20th century [9,12,13]. At the 

turn of the last century, the Global initiative for Chronic 

Obstructive Lung Disease (GOLD) confirmed the definition 

of COPD as a disease state characterised by airflow 

limitation which is not fully reversible. This airflow limitation 

is usually progressive and associated with an abnormal 

inflammatory response of the lungs to noxious particles or gases 

[14]. From the beginning, patients with symptoms of chronic 

bronchitis or emphysema who do not have airflow obstruction 
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are excluded and removed from the diagnosis of COPD 

[10,15]. In the latest definition, illness characteristics as well as 

alveolar abnormalities are included in the definition of COPD, 

but GOLD sticks to the criterion of airflow limitation with a 

cut-off value of 0.70 for the ratio of forced expiratory 

volume/forced vital capacity, independent from the individual 

respiratory journey of the patient [3,12]. 

 

Disease must be considered as a fluid concept influenced by 

societal and cultural atti- tudes that change with time and in 

response to new scientific and medical discoveries [16]. One of 

these developments is, besides the implementation of new 

physiological measures such as forced oscillations and multiple-

breath nitrogen washout, the enormous amount of information 

provided by non-invasive imaging of the respiratory system. 

The aim of this perspective is to review the current evidence 

of the historical physiological condition of airflow 

obstruction and to summarise the information provided by a 

variety of imaging modalities. In particular, chest computed 

tomography (CT) provides insight into structural as well as 

pathophysiological pulmonary parameters. 

 

The Airflow Tunnel View  
 

The invention of the spirometer and the timed measurement of 

forced exhalation of expired air has revolutionised the diagnostic 

approach of COPD in the 19th century [17–20]. The presence of 

an obstructive ventilatory defect was considered as a hallmark of 

COPD [21]. An obstructive ventilatory defect was defined as a 

disproportionate reduction in maximal airflow from the lung in 

relation to the maximal volume that can be displaced from 

the lung [22–24]. The earliest change associated with airflow 

obstruction is thought to be a slowing in the terminal portion of 

the spirogram even when the initial part of the spirogram is 

barely affected. As the airway disease becomes more advanced, 

timed segments of the spirogram such as the FEV1 will be 

reduced out of proportion to the reduction in VC [25]. Ideally, 

the principles of clinical decision making should be applied in 

case of pulmonary function interpretation: the post-test 

probability of disease will be estimated after tak- ing into 
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consideration the pre-test probability of disease, the quality 

of the test results, the downside of false-positive and false-

negative interpretation and the comparison of the test results 

themselves with reference values [25,26]. The most important 

parameter in identifying an obstructive impairment is the forced 

expiratory volume in one second (FEV1)/vital capacity (VC) 

ratio. The presence of an obstructive ventilatory effect is defined 

by a reduced FEV1/VC ratio below the 5th percentile of the 

predicted value [25]. 

 

However, to increase the awareness of diagnosing COPD, and 

driven by a desire for simplicity, GOLD has pragmatically used 

a fixed FEV1/VC ratio of 0.70 as the threshold for defining 

COPD to help both the diagnosis and epidemiological study of 

COPD [14]. In addition, on the basis of post-bronchodilator 

FEV1 values, GOLD classified COPD into four categories (stage 

1 to 4) [14]. This fixed ratio, although easy to remember, 

created an area of controversy from the beginning as it does 

not take into account the age-related decline in the FEV1/VC 

ratio, possibly leading to an under-diagnosis of COPD in 

younger adults and an over-diagnosis of COPD in elderly 

subjects [27]. Later on, the American Thoracic Society 

(ATS)/European Respiratory Society (ERS) guidelines 

recommended that the lower limit of normal (LLN) should be 

used to classify obstruction based on spirometry [25]. While 

previous longitudinal data reported that LLN may miss subjects 

at risk, a recent analysis of the data from a population-based 

Canadian cohort demonstrated that airflow limitation defined 

solely by a fixed ratio or LNN is only weakly and variably 

associated with patient-reported outcomes such as symptoms, 

disability, impaired health status and exacerbations. Patients 

meeting both criteria had more consistent and greater increases 

in risk for COPD-related outcomes while patients meeting 

either criterion, and in addition, have a low FEV1, were the 

most likely to experience poor outcomes [28,29]. Using 

pooled data from multiple NIH cohorts, Bhatt et al. 

confirmed that a fixed FEV1/FVC ratio <0.70 provides 

discrimination of COPD-related hospitalisation and mortality 

that was not significantly different or was not more accurate 

than other fixed thresholds and the LNN. The authors 
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conclude that these results support the use of the 

FEV1/FVC ratio < 0.70 to identify individuals at risk of 

clinically significant COPD [30]. Others reported that FEV1 

itself is one of the most powerful predictors of clinically relevant 

outcomes including symptoms, exacerbations and mortality 

[31,32]. Although these and other data stress the importance of 

airflow limitation as a marker of disease burden, no information 

is provided about the sensitivity to detect early disease-related 

abnormalities as a gold standard is lacking [33–35]. This bias 

of an imperfect gold standard must be borne in mind when 

interpreting airflow limitation as the only dominant marker of 

COPD diagnosis [36]. 

 

The need for a gold standard is also stressed by new insights on 

the range of lung- function trajectories throughout life. In 

asymptomatic, non-smoking males, longitudinal lung function 

data demonstrated that after a prolonged plateau phase from 

ages 23–35, de- cline in lung function began in two phases that 

averaged about    20 and    30 mL/year [37]. In contrast to the 

findings of Fletcher and Peto, Tager et al. reported more than 

thirty years ago that the rate of lung function decline in 

smokers is only slightly greater than that observed for non-

smokers, but this decline begins in the early part of the third 

decade while this group does not have a plateau phase. These 

data already suggested that the major effect of smoking on 

lung function decline involves the premature onset of a normal 

decline in function, irrespective of gender [37,38]. Furthermore, 

recent data confirm that accelerated decline in FEV1 is not an 

obligate feature to reach the spirometric criterion of COPD [39]. 

Lange et al. reported that lung-function value reached in early 

adulthood is important with respect to the diagnosis of COPD 

later in life; half of the persons presenting with airflow 

limitation followed the paradigm which implied a rapid decline 

in FEV1 from a normal level of lung function in early 

adulthood, whereas the other half had a rather normal decline in 

FEV1 but started from a low initial value of FEV1. When rapid 

decline in FEV1 is generally considered as a characteristic of 

disease activity in COPD, at least it must be assumed that this is 

not the case in half of the COPD population analyses in the three 

independent cohorts studied by Lange et al. questioning the 
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specificity of the FEV1/VC ratio < 0.70 as a criterion for the 

“disease” condition of COPD [38]. These alternative courses of 

lung function changes were already suggested in previous 

literature [40]. Others confirmed that low peak lung function in 

early adulthood is common in the general popu- lation and that 

trans-generational effects contribute to this early adulthood 

condition [41]. The concept of multiple lung function 

trajectories in smokers with and without COPD is supported 

by modelling longitudinal data of the Normative Age Study 

and from the COPD Gene Study [42]. 

 

Interestingly, a recent meta-analysis reported that even late 

adolescents and young adults born very preterm (mean 

gestational age: 28.3 weeks) or with extremely low birth weight 

(mean birth weight: 1054 g) had substantially reduced airflow. 

These data illustrate that these infants are not achieving their full 

airway growth potential and that even if the maximal expiratory 

flow declines at a normal rate with age in adulthood, 

proportionally more will achieve the fixed cut-off ratio of 0.70 

[41–43]. The emerging role of intra- and extra- uterine 

environmental insults as predisposing factors to develop airflow 

limitation later in life is now well appreciated. Changes in gene 

expression not only impair harmonious lung development but 

also predispose to airspace enlargement and emphysema 

[44,45]. 

 

Besides specificity, sensitivity to detect and address early 

symptoms in persons at risk for the disease condition is an 

important characteristic of a marker of disease. Previous studies 

already reported data concerning exacerbation-like events in 

individuals without airflow limitation. Tan et al. reported that 

the occurrence of these events is half of the frequency in non-

COPD individuals compared with those with COPD. In the 

non-COPD group, these events were independently associated 

with female gender, presence of wheezing, attenuated self-

perceived health, and remarkably, the use of respiratory 

medications: 24.2% of these non-COPD patients were using 

respiratory medications [46]. In a follow-up study of 8246 

participants of the COPD Gene cohort, Bowler et al. reported 

that acute episodes of respiratory disease are common in current 
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and former smokers without COPD, particularly when there is a 

history of prior events and poor respiratory health status [47]. A 

second study from this COPD Gene cohort, demonstrated that 

respiratory symptoms are highly common in smokers without 

spirometric COPD and that these subjects had manifested 

clinical disease with dyspnoea, chronic bronchitis, lower walk 

distance and worse quality of life [48]. Woodruff et al. 

confirmed these reported findings: respiratory symptoms and 

exacerbations are common in current and former smokers with 

preserved lung function; many of these persons were already 

being treated with respiratory medica- tions despite a lack of 

evidence. Among symptomatic smokers, 42% used 

bronchodilators and 23% used inhaled glucocorticoids [49]. 

Indeed, it is important to decipher the under- lying mechanisms 

of these respiratory symptoms [50]. In the original publication 

of the CIBA symposium, held in 1959, chronic bronchitis was 

already identified as a separate entity only based on the clinical 

diagnostic criterion of chronic or current cough with 

expectoration, not attributable to other conditions [51]. The 

concept of chronic cough as clinical entity with unique 

epidemiology in adults has led to the concept of the cough 

hypersensitivity syndrome [52]. At least, these studies illustrate 

the complexity to label the broad spectrum of respiratory 

symptoms and the limitations of a one size fits all approach in 

the diagnostic work-up. 

 

Airflow limitation is not the only trait in COPD: in a more 

recent definition, both airways diseases as emphysema are 

considered part of the structural abnormalities in the 

pathophysiology of COPD [53]. Levine et al. already 

reported that abnormalities of ventilation distribution and gas 

exchange occur in mild bronchitis and asymptomatic asthma 

patients before other abnormalities of lung function become 

apparent [54]. Diffus- ing capacity of the lung for carbon 

monoxide (DLCO) as a non-invasive test of pulmonary gas 

transfer, and has been considered for a long time as a 

surrogate marker for loss of alveolar tissue [55]. In cross-

sectional studies, smoking has been found to be associated 

with impaired DLCO [56,57]. Changes in DLCO/alveolar 

volume (VA) associated with stop smoking are considerably 
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larger than can be explained by carbon monoxide back pressure, 

indicating that mechanisms other than irreversible increase in 

the size of terminal air spaces underlie these lower values in 

smokers [57]. From an urban population-based study, two 

subsets of current smokers with normal spirometry were 

followed over 3 years: one subset with normal diffusing 

capacity and one subset with low DLCO. In the normal 

spirom- etry/normal diffusing capacity group (n = 59), 3% 

developed COPD, while in the low DLCO group (n = 46), 

22% developed COPD, suggesting that the latter group is at a 

more significant risk of developing COPD [58]. Only a few 

studies have explored longitudinal changes in pulmonary 

diffusing capacity in relation to smoking. In a small cohort 

followed over 22 years, continuing smokers resulted in a 10% 

fall in DLCO [59]. Two longitudinal studies over 8 years—

including 543 subjects and 928 subjects, respectively— found 

that the decline in DLCO during follow-up increased with 

age, while no relationship to smok- ing was noticed: no 

difference was found in the mean slopes over time between 

current smokers and never smokers [60,61]. In a Norwegian 

community sample of 1152 subjects, followed over 9 years, a 

more rapid decline in DLCO was related to higher age, 

baseline current smoking, more pack years, larger weight and 

lower FEV1. These reported findings suggest that a direct 

assessment at the level of parenchymal surrogates is probably 

more appropriate for the detection of lung parenchymal 

abnormalities [62]. Furthermore, it has to be acknowledged 

that the heterogeneous respiratory impairment in COPD needs 

a larger armentarium of “lung function tests” [63]. 

 

An important limitation of the current spirometric definition 

of COPD is that no information can be obtained about ongoing 

processes in the silent or quiet zone of the lungs, the airways < 2 

mm in diameter where disease can accumulate over many 

years without being noticed [64]. Indeed, at the time Fletcher 

and Peto were conducting their prospective study on the natural 

history of chronic bronchitis and emphysema, it was thought 

that the small conducting airways that connect the bronchi to the 

gas exchanging surface were the major site of resistance to 

airflow in the lower respiratory tract of normal individuals. 



Prime Archives in Medicine: 4th Edition 

10                                                                                www.videleaf.com 

This was based on the aerodynamic calculations on casts from 

human lungs conducted by Rohrer [65]. This classical concept 

was challenged in 1963 by the publication of Weibel on the 

morphometry of the human lung: he provided quantitative 

information that the total cross-sectional area of the conducting 

airways increased exponentially as the gas exchange area was 

approached [66]. Macklem and Mead provided the first 

experimental data to support this concept: they developed a 

method to directly measure the peripheral airway resistance by 

positioning a catheter in the airways < 2 mm in diameter. 

They showed that under normal conditions, the airways < 2 

mm in diameter accounted for <10% of the total resistance to 

flow below the larynx [67]. However, the same airways offering 

so little resistance in normal lungs became the major site of 

obstruction to airflow in postmortem lungs affected by 

emphysema with narrowing and distortion of the lumens of 

the smaller bronchi and bronchioles and with presence of a 

mixture of chronic inflammation and fibrosis in the airway 

walls [68]. Yanai and co-workers reported data of direct central 

and peripheral airway resistance measurement in awake 

humans. The found that peripheral resistance significantly 

increases in patients with bronchial asthma with airflow 

obstruction and patients with chronic bronchitis and 

emphysema, confirming that peripheral airways are the 

predominant site of airflow obstruction [69]. 

 

The concept of small airways disease is now widely accepted 

but developments were hampered by lack of adequate 

methodology to detect these disease abnormalities in an early 

phase [70]. Measurement of lung mechanics with forced 

oscillation techniques now has the potential to detect these 

peripheral resistance changes with greater sensitivity than 

spirometric measurement [71]. 

 

At least, current evidence illustrates that strict application of 

spirometry as the only physiological measure and the strict 

definition of obstruction based on FEV1/FVC ratio does not 

allow an adequate classification, even in patients with 

significant morbidity. It does not allow the detection or 

diagnosis of emphysema as a morbid anatomical change as a 
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characteristic component of COPD. It does not allow accurate 

diagnosis of the systemic manifestations of the COPD 

syndrome, neither identification of COPD endotypes. Sticking 

on the current conventional diagnostic labelling of COPD 

by spirometry only reflects a tunnel view in the diagnostic 

work-up of patients manifesting a broad spectrum of 

respiratory complaints. 

 

Imaging of the Lungs: A New Perspective to 

Redefine Copd  
 

Chest computed tomography (CT) is a widely available non-

invasive imaging modal- ity that provides insight into structural 

and pathophysiological pulmonary parameters [72]. Many 

persons at risk and with COPD already undergo a chest CT for 

lung cancer screening or to evaluate pulmonary nodules 

detected on a chest X-ray. However, the wealth of chest CT 

scan data is not consistently used in clinical practice and 

incorporated into clinical diag- nosis and management of COPD 

[73]. Emphysema can be identified based on measuring lung 

density in Hounsfield units as well as airway wall thickness 

and airway counts. 

 

More than 25 years ago, Remy-Jardin already described 

morphological effects of cigarette smoking on airways and lung 

parenchyma in healthy adult volunteers. They reported 

parenchymal abnormalities in healthy smokers, varying from 

parenchymal micro- noduli to emphysema and areas of ground-

glass attenuation [74]. In a large group of male smokers 

without (61.7%) or with mild COPD from a Lung Cancer 

Screening trial, CT imaging grouped the majority of subjects 

either into a dominant emphysematous group, a group with air 

trapping or with CT-defined airway wall thickening. Airway 

wall thickening dominance was associated with younger age, 

higher body mass index, more wheezing and lower FEV1% 

predicted. The emphysema subjects had lower FEV1/FVC ratio 

and more impaired gas transfer [75]. In recent years, large 

observational studies such as COPD Gene and CanCOLD 

significantly contributed to a better understanding of 

respiratory-related impairments in smokers with normal 
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spirometry [76]. In so-called GOLD 0 participants, more than 

40% had CT evidence of emphysema or airway thickening [48]. 

These data were confirmed in the Canadian cohort: respiratory 

bronchiolitis as well as air trapping was more prevalent in ever-

smokers with normal lung function than in mild or moderate 

COPD patients. Bronchial wall thickening was found in more 

than half of smokers without COPD. Similarly, the proportion of 

individuals with emphysema was elevated in ever-smokers with 

normal lung function (30%) versus the normal population 

(11%). Intriguingly, this presence of emphysema on CT was 

associated with chronic cough and phlegm production, wheeze, 

dyspnoea, impaired health status and even increased risk of 

more than two exacerbations over 12 months [77]. In the cohort 

of symptomatic current or former smokers with preserved 

pulmonary function, Woodruff et al. also reported a greater 

airway wall thickening in these individuals but no predominance 

of emphysematous features [49]. All these data clearly illustrate 

that CT has the potential of identifying structural parenchymal 

and airway abnormalities even in smokers with preserved lung 

function. 

 

Parametric response mapping (PRM) was introduced some 

years ago as a quantita- tive imaging biomarker to assess the 

phenotypic contributions of functional small airway disease 

(fSAD) and emphysema in COPD when applied to 

inspiratory and expiratory CT images. Based on this 

application, cyclic physiological respiratory states are being 

captured through imaging and computed on a voxel-by-voxel 

basis by image co-registration [78]. Using PRM fSAD is found 

to be present in 12.4% of smokers or former smokers with 

preserved lung function and increased to 39.2% in four COPD 

GOLD patients. Emphysema is present in a negligible portion 

in participants with preserved lung function. Intriguingly, high 

levels of CT-defined small airway abnormality in individuals 

without airflow limita- tion was associated with more rapid 

declines in FEV1 as well as in mild-to-moderate COPD stages. 

Contributions of small airways disease and emphysema on 

decline in FEV1 are more balanced in advanced stages of 

COPD [79]. Interestingly, analysis of ever-smokers without 

obstruction and with GOLD 1–2 COPD showed that PRM 
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fSAD correlates with low diffusing capacity suggesting that it 

may detect airways transitioning to early emphysema, resulting 

in impaired gas exchange [80]. Based on CT scanning, two 

distinct trajectories of disease progression could be identified: 

the tissue airway subtype and an airway tissue subtype. In the 

first subtype, small airway dysfunction and emphysema 

precede large airway wall abnormalities while in the other 

subtype large airway wall abnormalities precede emphysema 

and small airway dysfunction [81]. Intriguingly, dysanapsis 

quanti- fied on CT by calculation of the airway-to-lung ratio 

accounted for a greater proportion of variation in FEV1/FVC 

ratio than smoking and other COPD risk factors, suggesting the 

dysanapsis is even a risk factor for COPD among older adults. 

Furthermore, those persons with dysanapsis do not have 

accelerated decline in lung function either before or after the 

development of COPD [82]. 

 

By use of micro-CT on fixed and dried lung samples, Mc 

Donough et al. reported in 2011 an important reduction 

(72%) in terminal bronchioles in patients with severe COPD. 

The number of terminal bronchioles was reduced even in 

tissue samples that had no detectable emphysema, suggesting 

that terminal bronchiole obliteration precedes emphysematous 

tissue destruction in COPD [83]. These data were confirmed and 

extended by the publication of Koo et al., demonstrating that 

the smallest airways, the conducting terminal bronchioles and 

respiratory transitional bronchioles are significantly lost in the 

lungs of patients with mild and moderate COPD compared with 

age-matched smokers with normal lung function, although the 

lung tissue does not show emphysematous destruction. The 

remaining small airways have thickened walls [84]. In another 

paper, total airway count (TAC) was measured on in vivo CT 

scans in a population-based sample of participants at risk 

and with mild COPD. The authors reported a significant 

reduction in 17% in total airway count in mild COPD 

patients (GOLD 1) compared with at-risk participants 

independent of emphysema. Furthermore, among all CT 

measurements investigated, TAC had the greatest effect on 

pulmonary function and reduced TAC was independently 

associated with longitudinal lung function decline [85]. More 
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recently, the same authors reported that TAC is associated 

with the number of terminal bronchioles as well as with 

distortion and remodelling of the terminal bronchiole. They 

suggest that TAC may be a useful imaging biomarker to 

estimate small airway pathology [86,87]. The histological 

examination not only confirmed the reduction in terminal 

bronchioles and the decrease in the luminal areas, but also a 

reduction in wall volumes and alveolar attachments of 

terminal, preterminal and pre-preterminal bronchioles with an 

increased B cell infiltration of these walls [87]. In another paper, 

ex vivo PRM analysis was compared with in vivo lung tissue 

measurements of patients with severe COPD treated by lung 

transplantation and control subjects. There, fSAD identified 

areas of lung tissue with loss of terminal bronchioli, luminal 

narrowing and obstruction while emphysema based on PRM 

correlated with increased airspace size, decreased alveolar 

surface area and fewer alveolar attachments per terminal 

bronchiole [88]. Based on this set of publications, PRM can be 

considered as a useful non-invasive biomarker to detect the 

earliest pathological changes in COPD. 

 

Independent of early disease detection, the evaluation of 

regional lung architecture will become extremely important 

towards a personalised management strategy [89]. Func- tional 

respiratory imaging (FRI) allows visualisation and quantification 

of lung structures and tissues. FRI offers information 

concerning lobar volumes, airway numbers and volumes, 

airway resistance and blood vessel volumes at lobe level [90]. 

 

The recently reported COPD Gene data, aiming to redefine 

the diagnosis of COPD, are intriguing: they analysed four 

key disease characteristics—environmental exposure 

(cigarette smoking), clinical symptoms (dyspnoea and/or 

chronic bronchitis), chest CT imaging abnormalities 

(emphysema, gas trapping and/or airway wall thickening) 

and abnormal spirometry in 8784 current and former smokers 

participating in the COPD gene. Evidence of COPD 

progression was based on a change in FEV1 beyond the 

expected normal age-related loss (>350 mL loss over 5 years). 

Interestingly, abnormal spirometry with or without symptoms 



Prime Archives in Medicine: 4th Edition 

15                                                                                www.videleaf.com 

was not predictive of spirometric progression, suggesting that 

spirometry fails to capture and contextualise the extent of 

disease manifestation. Imaging either in combination with 

symptoms and/or spirometry was significantly predictive for 

COPD progression [35]. 

 

Defining COPD in the 21st Century 
 

Health and disease are critical concepts in medicine. While 

articulating a satisfactory definition of disease is surprisingly 

difficult, scant attention has been paid to defining disease in 

clinical medicine. A naturalist conception of disease is that 

the human body comprises organ systems that have natural 

functions from which they can depart in many ways: some of 

these departures are considered harmless, others harmful: 

determination of bodily malfunction as well as the detrimental 

effects of the malfunction to human well-being must be 

objectified by science [91,92]. This view is also reflected in 

Campbell’s definition of disease as the sum of the abnormal 

phenomena displayed by a group of living organisms in 

association with a specified common characteristic or set of 

characteristics by which they differ from the norm for their 

species in such a way as to place them at biological 

disadvantage [93]. Widespread, generalised narrowing of the 

bronchial airways, persistent or intermittent, was introduced at 

the CIBA symposium to classify, besides chronic bronchitis, 

the group of patients with generalised obstructive lung 

disease [9]. Abnormal functioning of the respiratory system 

became operationalised and restricted to airflow limitation and 

the definition of abnormality became based on expert-driven 

cut-off criteria [14]. The current review illustrates the lack of 

diagnostic accuracy of this currently applied criterion as well as 

the insensitivity to detect early abnormalities in the airways and 

the rest of the respiratory system. A reform of the taxonomy 

of COPD and COPD-related conditions based on 

identification of the precise nature of a patient’s problem is 

urgently needed to move forward towards personalised and 

precision medicine. On the other hand, lung function 

trajectories illustrate the important impact of early adulthood 

lung function leading to the currently applied cut-off of 
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FEV1/FVC ratio later in life, resulting in misclassification of 

these persons as diseased based on spirometry only [39]. 

Recent CT findings stress the important role of dysanapsis or 

the mismatch of airway tree calibre to lung size in achieving 

the FEV1/FVC cut-off values [82]. Clinicians must realize 

that mislabelling someone as diseased will have enormous 

individual, social and financial implications. In particular, for 

a disease, labelled for decades as a self-inflicting condition, the 

label itself will lead to significant individual distress [16]. The 

concept of pre-COPD for individuals without persistent 

airflow limitation, but who complain of dyspnoea, cough 

and/or sputum production in the presence of physiological or 

radiographic abnormalities, ignores that the presence of airway 

or alveolar abnormalities is part of the definition of COPD 

[94,95]. Lumping in of patients with a wide scattering of 

symptoms and underlying abnormalities without adequate 

diagnostic labelling will only create more confusion. 

 

Considering that diagnosis is the act of labelling someone as 

diseased, nosology of chronic respiratory diseases can no 

longer rely on historical concepts and definitions, but must 

integrate new scientific and medical discoveries. Imaging as 

well as new or rediscovered physiology measurements now 

offer the possibility to obtain an integrated functioning of the 

respiratory system even in early phases of malfunction. In the 

future, systems biology coupled with a label-free high-

throughput detection could offer new diagnostic tools built on 

molecular knowledge of the disease. Such a correct 

identification of respiratory and systemic abnormalities forms 

the cornerstone for personalised management strategies and will 

direct better understanding of the complexity of the COPD 

syndrome. The respiratory community must be convinced that 

such a trait-based approach will open approaches to early 

treatment and new research strategies for one of the most 

disabling diseases. The failure of the simplified, 

spirometrically based management and research approach 

justifies a disruptive taxonomic movement to bring this 

disease into the era of precision medicine. 
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