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define the objectives clearly, early detection will play a key role in having a positive impact on the
prognosis of patients with COPD. https://bit.ly/32crfPL
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ABSTRACT The early stages of COPD have recently become a hot topic as many new risk factors have
been proposed, but substantial knowledge gaps remain in explaining the natural history of the disease. If
we are to modify the outcomes of COPD, early detection needs to play a critical role. However, we need to
sort out the barriers to early detection and have a better understanding of the definition of COPD and its
diagnosis and therapeutic strategies to identify and treat patients with COPD before structural changes
progress. In this review, we aim to clarify the differences between early COPD, mild COPD and early
detection of COPD, with an emphasis on the clinical burden and how different outcomes (quality of life,
exacerbation, cost and mortality) are modified depending on which definition is used. We will summarise
the evidence for the new multidimensional diagnostic approaches to detecting early pathophysiologic
changes that potentially allow for future studies on COPD management strategies to halt or prevent
disease development.

Introduction
In the past few decades, research into COPD has increased substantially, but significant gaps remain
regarding diagnosis and, in particular, early detection. COPD is underdiagnosed or misdiagnosed in
approximately two-thirds of patients at risk of COPD in many population- and primary care-based studies
[1, 2]. To decrease the impact of COPD, preventive and therapeutic strategies that mitigate clinical
progression, and ultimately reduce the burden on healthcare systems, should be provided and the
identification of patients with early-stage COPD would improve outcomes. However, we must acknowledge
some significant barriers: 1) the COPD definition is operational rather than pathophysiological and
disregards disease heterogeneity; 2) the definitions for early COPD versus early diagnosis are not
standardised; and 3) there are very few validation studies of treatment strategies linked to early detection,
early COPD, symptomatic smokers (at risk of developing COPD) or mild COPD.

Definitions for early diagnosis of COPD
Early COPD
A recently proposed definition to diagnose early COPD takes several factors into account. Early COPD is
diagnosed in patients aged <50 years with ⩾10 pack-years smoking history and one or more of the
following: 1) post-bronchodilator forced expiratory volume in 1 s/forced vital capacity (FEV1/ FVC) less
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than the lower limit of normal (LLN); 2) compatible computed tomography (CT) abnormalities (visual
emphysema, air trapping or bronchial thickening graded mild or worse); and 3) evidence of accelerated
FEV1 decline (⩾60 mL·year−1) that is accelerated relative to FVC [3]. This definition excludes
patient-reported respiratory symptoms, given their discordance with structural lung changes. Currently,
several cohorts are validating these criteria and these may need to be refined to capture early phase
developments [3].

Mild COPD
Mild COPD is defined by Latin American COPD guidelines (EPOC-ALAT) as patients with 0–1 modified
Medical Research Council (mMRC) dyspnoea, FEV1 >80% and no exacerbations [4]. According to the
Global Initiative for Chronic Obstructive Lung Disease (GOLD), mild COPD is equivalent to GOLD A (0–
1 mMRC dyspnoea and no exacerbations) [5]. However, there is evidence that the prevalence of mild
COPD varies according to the classification used (GOLD or ALAT) [6].

COPD progression is heterogeneous, but longitudinal cohorts reveal that only 20–40% of patients progress
to a worse COPD stage [7, 8]; after 2 years of follow-up, two-thirds of patients with COPD maintain the
same GOLD classification [9]. However, one-third of patients with mild disease have faster decline in
FEV1 compared with the population without COPD [10, 11]. At present, we do not have exact biomarkers
that allow us to correctly differentiate patients with a COPD phenotype with worse progression from
patients with COPD phenotypes and more benign courses. Therefore, early COPD is different to mild
COPD, mainly because the latter concept does not address the underlying pathological changes, and does
not adequately discriminate patients with COPD at the beginnings of the disease from patients at the later
stages [7, 8, 12].

Early diagnosis of COPD
Early diagnosis of COPD has many interpretations. A recent survey showed that most pulmonologists
consider “early” diagnosis as COPD diagnosed before the beginning of symptoms [13]. In a real-life
retrospective study, 85% of patients with COPD had consulted for respiratory symptoms at least once in
the 5 years prior to diagnosis [14]. In this study, the authors classified patients with COPD as having an
early diagnosis if patients had ⩽2 registered indicators during the past 5 years before COPD diagnosis
(indicators were pneumonia, respiratory diseases other than pneumonia, prescription of oral steroids,
prescription of antibiotics for airway and lung infections, prescriptions for respiratory disease targeted to
relieve respiratory symptoms and lung function measurements). Patients with ⩾3 indicators (registered
>90 days before diagnosis) were classified as having a late diagnosis [15]. This classification demonstrates
that early diagnosis patients have a better prognosis than late diagnosis patients.

At-risk population for COPD
Another important group is the population at risk of developing COPD; described as GOLD 0 and defined
as individuals exposed to risk factors for COPD, with normal spirometry and chronic symptoms (cough,
sputum and/or dyspnoea) [16]. There is evidence that this group has worse outcomes than
nonsymptomatic smokers [10, 17]. Of this group, 30–40% will develop lung obstruction [10], 57% have
some structural damage (emphysema, small airway thickening and gas air trapping) and, after 5-years of
follow-up, have increased lung function decline (OR 1.31, 95% CI 1.04–1.65) [18]. Furthermore, during a
15-year follow-up in GOLD 0 patients, smoking cessation predicted the subsequent absence of chronic
symptoms (OR 5.7, 95% CI 3.5–9.2) [19]. Therefore, the risk–benefit of identifying this group in the
population must be individualised, and therapeutic strategies should include nonpharmacological measures
and follow-up [5].

Summary of the differences between early COPD, mild COPD and the at-risk population
The differences between these definitions are that: early COPD emphasises age, capturing early phase
disorders in high-risk individuals before the FEV1/FVC ratio falls <0.7; mild COPD focuses on the severity
of the disease, although the patients could have mild COPD for years; early detection of COPD primarily
focuses on defining a relatively short time-frame from the beginning of symptoms to diagnosis; and the
at-risk population (GOLD 0) aims to identify patients (symptomatic smokers) who may go on to develop
COPD (table 1).

Recently, numerous studies have shown that the presence of asthma [21], exposure to tobacco smoke [22–
25] and repeated respiratory infections [22, 23] during childhood increases the risk of COPD in adulthood.
Moreover, in the Childhood Asthma Management Project (CAMP), 11% of subjects with reduced lung
growth patterns had COPD compatible lung function at the mean±SD age of 26±1.8 years [26]. However,
although abnormal lung development is a risk factor for COPD [5], it is not included in definitions related
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to early COPD probably because these definitions focus on functional parameters (age, lung function and
pulmonary structural changes) rather than underlying pathophysiological mechanisms [3, 6, 15, 16].

Clinical burden and outcomes of early diagnosis of COPD
Issues that need consideration for early diagnosis COPD are the possibilities of misdiagnosis or
over-diagnosis due to the lack of markers to detect early-onset airway pathology [27]. COPD
underdiagnosis is common (60–86%), representing a missed opportunity to decrease the burden of disease
through optimal preventive and therapeutic management. However, over-diagnosis is also frequent (4–
64%) [1, 2], leading to unnecessary COPD treatments with their risks and costs, poor health-related
quality of life (HRQoL) and missed detection and treatment for other diseases. However, COPD is a
significant public health problem, even in the early stages, and several studies have shown that
undiagnosed patients with COPD have worse health outcomes (HRQoL, exacerbations and risk of
pneumonia) than the general population [28, 29] and have similar levels of use of health resources as
patients diagnosed with COPD [30].

In a recent study that only used one of the three criteria of the proposed definition for early COPD
diagnosis [3] (FEV1/FVC <LLN), the prevalence of COPD was 7%, 10% and 15% for those aged 20–29,
30–39 and 40–49 years, respectively[31]. Therefore, this number is likely to be an underestimate and
probably would increase if the two other definition criteria had been used (CT abnormalities, FEV1

decline >60 mL·year−1). The average age of that group (early COPD) was 45.9 years; this group overall had
more pack-years, a higher proportion of current smokers, more chronic respiratory symptoms, lower lung
function, an increased risk of acute obstructive lung disease hospitalisations (OR 6.42, 95% CI 3.39–12.2),
acute pneumonia hospitalisations (OR 2.03, 95% CI 1.43–2.88), costs and all-cause mortality (OR 1.79,
95% CI 1.28–2.52) than the population of smokers (>10 pack-years) without COPD [31].

Also, if we evaluate the data on at-risk patients, several studies showed that smokers with respiratory
symptoms have higher mortality, faster lung function decline, and more exacerbations than smokers
without symptoms [20, 31].

Using all the criteria for early diagnosis of COPD in a retrospective cohort, the group of patients with an
early diagnosis of COPD had fewer exacerbations (OR 1.89, 95% CI 1.83–1.96; p<0.0001), fewer
comorbidities and lower healthcare utilisation in the 2 years following diagnosis compared with the late
diagnosis group [15].

These findings demonstrate the benefit of detecting patients with COPD in the early stages despite
preserved or mildly obstructed spirometry, with particular impacts on outcomes in those with chronic
respiratory symptoms and COPD risk factors [13, 15, 18, 31].

TABLE 1 Criteria for early detection of COPD

Criteria At-risk population [10, 17, 19] Mild COPD [4, 5]
Early diagnosis of

COPD [15] Early COPD [3]

Symptoms Cough, dyspnoea, phlegm Dyspnoea 0–1 mMRC, CAT
<10 points

N/A N/A

Exposure At least 10 pack-years cigarette
smoke or biomass exposure [10,

20]

At least 10 pack-year
cigarette smoke or biomass

exposure

At least 10 pack-year
cigarette smoke

At least 10 pack-year
cigarette smoke

Age years N/A N/A N/A <50
Progression to
COPD

∼30–40% [10, 19, 20] N/A N/A Currently in study

Time to COPD
diagnosis

5 years

Spirometry
FEV1/FVC ratio Normal <0.7 <0.7 <LLN
FEV1 decline
mL·year−1

Variable [10, 19, 20] N/A N/A >60

FEV1 Normal Normal N/A N/A
CT scan >50% CT evidence of emphysema

or airway wall thickening [10]
N/A N/A Visual emphysema, air

trapping or bronchial
thickening

FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; CT: computed tomography; mMRC: modified Medical Research Council; CAT:
COPD Assessment Test; N/A: not applicable; LLN: lower limit of normal.
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Diagnostic approach for early detection of COPD
Screening spirometry (case finding) is only recommended for those patients with COPD risk factors and
symptoms, and is not recommended for asymptomatic people with COPD risk factors [5, 32]. However,
many individuals at increased risk for COPD self-restrict activities to minimise symptoms, do not report
dyspnoea during visits or are poor perceivers of their symptoms [33, 34]. Therefore, “asymptomatic”
patients should be directly questioned about symptoms, physical activity, possible minor unreported
exacerbations and previous personal and family lung disorders to activate diagnostic study protocols.

Opportunistic case finding approaches in primary care are a feasible option for early detection of COPD.
Externally validated pre-screening questionnaires have been developed to select high-risk patients for
further spirometry screening to confirm the diagnosis of COPD (table 2) [35–39]. These questionnaires
have not been studied in asymptomatic high-risk patients and warrant further testing in this subgroup.

Spirometry with a post-bronchodilator FEV1/FVC <0.70 and/or LLN criteria is the gold standard to confirm
COPD diagnosis. However, respiratory symptoms and structural changes in the lung are frequently
discordant with spirometric results. Furthermore, FEV1 and FVC have diurnal variations, depending on age,
sex, smoking, region and severity of COPD, which affects confirmation in the early stages [40].

Novel approaches, including business process management strategy support systems, avoid the weaknesses
in the current COPD diagnostic systems [41]. The use of earlier indicators has been proposed.

Spirometry
The alternative spirometric ratios used to investigate earlier changes not detected by FEV1/FVC or FEV1

and that detect small airway abnormalities, air trapping and hyperinflation are described below [42].

Lung capacity ratios
FVC may underestimate slow vital capacity (SVC) in the presence of small airway obstruction [43]. Using
the 2.5th percentile as LLN, the FEV1/SVC ratio increases accuracy in detecting early mild obstruction in
patients aged <60 years, FEV1 >70% pred and body mass index >30 kg·m−2, when compared with FEV1/
FVC ratio (discordance of 20.4%) [44, 45]. The lack of reference values for FEV1/SVC ratio limits its
widespread use for early stage COPD diagnosis [45].

Time-fractioned lung/volume ratio
FEV6 is more reproducible and less difficult to perform than FVC [46] and can be performed with
office-based, hand-held devices. FEV1/FEV6 ratio <74% pred has been shown to be an independent
predictor of mortality, hospitalisations and future lung function decline [47, 48]. The FEV1/FEV6 ratio is
less sensitive than FEV1/FVC in detecting an obstruction, although a reduced FEV1/FEV6 ratio is
correlated with more significant abnormalities in diffusing capacity, airway wall thickness and air trapping
facilitating the early diagnosis of COPD [49, 50].

Flow-based measurement
This is a more direct measure of small airway function than time-based indices and correlates with air
trapping seen on chest CT imaging [51]. For COPD, forced expiratory flow at 25–75% FVC (FEF25–75%) is

TABLE 2 Predictive accuracy of questionnaires externally validated and measured against post-bronchodilator forced expiratory
volume in 1 s/forced vital capacity (FEV1/FVC) <0.70

Questionnaire Score Sensitivity % Specificity ROC AUC

COPD Diagnostic Questionnaire (CDQ) [35] >16.5 80–91 24–49 0.65–0.73
Lung Function Questionnaire (LFQ) [36] ⩽18 88 25 0.65
COPD Population Screener (COPD-PS) [37] ⩾5 79 35 0.57–0.70
PUMA Score (Primary Care/PLATINO) [38] ⩾5 81.8–88.6/46.7–56.2 33.5–41.8/79.8–83.3 0.70–0.73/0.67–0.70
CAPTURE+PEF [39] >2 75.5 93.1 0.93
PEF L·min−1

Male ⩽350
Female ⩽250

ROC AUC: receiver operating characteristic area under the curve; PUMA: Prevalence Study and Regular Practice, Diagnosis and Treatment,
Among General Practitioners in Populations at Risk of COPD in Latin America; PLATINO: Proyecto LatinoAmericano de Investigación en
Obstrucción Pulmonar (COPD research project in Latin America); CAPTURE: COPD Assessment in Primary Care To Identify Undiagnosed
Respiratory Disease and Exacerbation Risk; PEF: peak expiratory flow.
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lower in current, former and second-hand smokers with no evidence of airflow obstruction compared with
healthy individuals [52, 53]. Nonetheless, the clinical utility of FEF25–75% has been limited, primarily by
the wide range of normal values and within-subject variability making standardisation of this metric
challenging.

Plethysmography with diffusing capacity of the lung for carbon monoxide
Inspiratory capacity (IC), total lung capacity (TLC), IC/TLC and residual volumes are used to detect air
trapping, hyperinflation and response to bronchodilators. These measurements offer evidence of small
airway involvement and can detect “susceptible” smokers. A retrospective study revealed abnormal lung
volumes and air trapping to be present in >30% of smokers with preserved spirometry [54].

Adding the diffusion capacity measurement can detect earlier abnormalities in small airway disease before
spirometric and TLC changes occur [55]. In a cohort of smokers, in the group with normal spirometry/
normal diffusing capacity of the lung for carbon monoxide (DLCO), only 3% developed COPD compared
with 22% in the group with normal spirometry/low DLCO (<80% pred) over 45±20 months of follow-up [55].

Chest tomography
Advanced analytic methods applied to CT images can quantify airway and parenchymal abnormalities
prior to changes in lung function [56–58]. The COPDGene study [18] demonstrated progression at 5 years
of the CT airway-predominant pattern from GOLD 0 to preserved ratio-impaired spirometry (PRISm)
(33%) and from PRISm to GOLD 2–4 (37.8%), while the progression of the emphysema-predominant
pattern is primarily from GOLD 0 to GOLD 1 (11.8%) and from GOLD 1 to GOLD 2–4 (25%). Of the
participants in the PRISm group, who were heavy current and former smokers, 35.8% progressed to
GOLD 2–4 but none moved into GOLD 0 or GOLD 1. Therefore, PRISm physiology represents an
advanced and progressive disease state, which is associated with airway-predominant disease and carries a
poor prognosis despite smoking cessation [18].

In SPIROMICS, subjects with normal FEV1/FVC, CT-measured residual volume (RVCT) to total lung
capacity (TLCCT) ratio was measured over 2.5±0.7 years of follow-up [59]. Those in the upper RVCT/
TLCCT tertile presented a faster decline in FEV1/FVC per year, shorter 6-min walk distance and increased
dyspnoea by mMRC compared with those in the lower tertile regardless of demographics, baseline
spirometry, respiratory symptom score, smoking status or burden. Therefore, these people were more likely
to develop spirometric and symptomatic COPD in upper versus lower RVCT/TLCCT (OR 5.7, 95% CI 2.4–
13.2; p<0.001) [59].

The COPDGene collaborators [18], using environmental exposure, clinical symptoms, CT imaging and
spirometric criteria, have proposed a classification of possible, probable and definite COPD diagnoses
offering the potential to stimulate both current and future interventions that could slow or halt disease
progression in patients before disability or irreversible lung structural changes occur (figure 2) [18].

Forced oscillation technique
Forced oscillation technique-based phenotyping reflects pathophysiological heterogeneity from a new
perspective and correlates with CT assessments [60]. Reference values and minimally important differences
for impulse oscillometry in patients with COPD are required for use in clinical interventional trials and
become an adjunctive tool to CT imaging in patients with early COPD [61].

For these approaches, we believe that to achieve appropriate and early diagnosis of COPD, a
multidimensional diagnostic strategy using exposure history, symptoms, digitalised spirometry,
plethysmography with DLCO and chest CT with increasingly complex analytic tools can broaden our
knowledge about early COPD in high-risk populations (figure 1).

Treatment of early COPD
Evidence on the effectiveness of pharmacological treatment in early or mild COPD is scarce. A recent
systematic review [4] showed weak evidence of pharmacological treatments in mild COPD in terms of
reduction of hospitalisation, due to lack of evidence of prospective data in mild patients. Post hoc studies
from large cohorts such as TORCH (Towards a Revolution in COPD Health) [67] and UPLIFT
(Understanding Potential Long-term Impacts on Function with Tiotropium) [68] evaluated pharmacotherapy
in patients with moderate COPD and in younger COPD patients. However, the results should be reviewed
with caution because the populations did not meet current criteria for mild or early COPD.

One recent study, showed an amelioration of FEV1 decline in mild COPD (COPD Assessment Test
<10 points, FEV1 GOLD stage I–II) using tiotropium versus placebo (47 mL versus 28 mL, 95% CI 2–37;
p=0.03) [69].
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We await the results of three ongoing studies, the British Lung Foundation Early COPD Development
study (https://clinicaltrials.gov/ identifier NCT03480347), RETHINC trial (REdefining THerapy In Early
COPD; https://clinicaltrials.gov/ identifier NCT02867761) and EARLY COPD [70], which are examining
whether current and former smokers with respiratory symptoms and meeting the definition of early
COPD derive benefit from inhaled bronchodilator therapy.

Nonpharmacological treatments (tobacco cessation, biomass exposure reduction, pulmonary rehabilitation
and increased physical activity) are crucial in preventing the progression of COPD. We must regularly

People with risk factors for COPD

Pre-/post-natal disadvantage risk factors*

Asthma

Spirometry at

age 35 years old

Biomass

TB

Smoker

HIV

High probability of developing COPD

FEV1/FVC <0.70

No
Yes FEV1 <80%

Asymptomatic
Asymptomatic

FEV1 ≥80%

Symptomatic

Spirometry every 2 years
HRCT

Plethysmography with 

DLCO
FEV1 decline >40 mL·year–1

Spirometry every 5 years

FEV1 decline >60 mL·year–1

FIGURE 1 Protocol for detecting early pathological changes related to COPD according to risk factors and
comorbidities.This protocol take into account the risk factors for early COPD, and proposes an interval for
close follow-up [22, 23, 25, 26, 62–65]. If, by age 35 years, spirometry does not present an obstruction (forced
expiratory volume in 1 s (FEV1)/forced vital capacity (FVC) <0.70) and the patient is truly asymptomatic,
spirometry every 5 years is recommended to detect individuals with rapid FEV1 decline that would fit the
definition for early COPD [3]. If the patient is symptomatic, further testing with high-resolution computed
tomography (HRCT) and/or plethysmography with diffusing capacity of the lung for carbon monoxide (DLCO) or
impulse oscillometry (IOS) is recommended to detect early airway trapping, emphysema or diffusion
abnormalities prior to spirometric changes. Patients with FEV1/FVC <0.70 at age ⩾25 years and FEV1 >80%
pred but asymptomatic, should be followed with spirometry every 2 years to detect patients who decline fast.
Patients with FEV1/FVC <0.70, FEV1 ⩾80% pred and symptomatic should be tested further with HRCT and/or
plethysmography with DLCO or IOS to detect early airway trapping, emphysema or diffusion abnormalities and
spirometry every 2 years to detect those patients who decline fast in order to initiate early treatment
strategies [11, 18, 66]. TB: tuberculosis. *: prematurity/low birth rate, early life infections, maternal smoking,
family respiratory history.
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implement these strategies in primary and secondary care for patients at risk of developing COPD and at
patients at the early stages of COPD [5].

Limitations
This article has several limitations. We reviewed data from smoking-induced COPD because there is a lack of
information on early diagnosis in nonsmoking patients with COPD. However, in regions such as Latin
America, more than one-third of patients with COPD were never-smokers, which determines that a
significant proportion of patients adopt strategies based on similarities with cigarette smoke-induced COPD
(symptoms, obstructions, exacerbations), rather than on scientific evidence [71].

Though several studies have linked certain recurring risk factors and comorbidities (childhood asthma,
bronchitis, pneumonia, allergic rhinitis, eczema, parental asthma, maternal smoking, female sex,
tuberculosis and HIV) with the population who develop airway obstruction [22, 62–65, 72], we lack
suitable scores that allow their inclusion as criteria for early COPD.

In addition, asthma–COPD overlap was not evaluated, since its definition criteria and clinical outcomes
are heterogeneous and depend on the population studied [73]. Asthma is known to be a risk factor for
early-onset COPD [21]; however, currently, there are no specific protocols for the early detection of COPD
in patients with a history of asthma that are different from those addressed in this review.

As we wait for updated and validated models and questionnaires that identify at-risk patients before they
develop COPD, we have used the available data described in this review to merge global lung development
in children with adult respiratory epidemiology to understand the determinants of early COPD and to
propose an algorithm that needs testing but has the potential to guide the detection and treatment of early
COPD in this population (figure 1).

Conclusions
After reviewing the evidence, the response to the initial question of whether early diagnosis of COPD is a
myth or a true perspective is not straightforward. If we are to modify COPD outcomes, early detection
must play a key role. It is therefore vital to define early COPD criteria using prospective multidimensional
strategies and to determine an acceptable time-frame from the beginning of symptoms to the diagnosis of
COPD. The new evidence coming out is getting us closer to this goal. However, we need to identify and
overcome the barriers to diagnosis, have a better understanding of the natural course of the disease and
find biomarkers of disease activity to allow better identification of patients who will benefit from earlier
interventions to, therefore, have a positive impact on the prognoses of our patients with COPD.

M.E. Laucho-Contreras is the ex-Director of the COPD Department for the Latin American Thoracic Society
(ALAT). M. Cohen-Todd is the Vice President of ALAT.

Category  Odds of change >350 mL in FEV1

(95% CI)#  

All-cause mortality HR 
(95% CI)¶  

COPDGene 2019 classification 

A  1.0 (ref) 1.0 (ref) No COPD  

B 1.31 (1.04–1.65) 1.05 (0.76–1.44) Possible COPD 

C 1.42 (1.07–1.88) 1.55 (1.09–2.19) 
D 0.92 (0.64–1.30) 1.48 (1.03–2.12) 
E 1.74 (1.28–2.36) 1.90 (1.33–2.71) Probable COPD 

F 1.02 (0.66–1.60) 2.62 (1.84–3.72) 
G 2.11 (1.66–2.68) 1.76 (1.36–2.27) 
H 2.82 (2.18–3.66) 5.18 (4.15–6.48) Definite COPD 

 

FIGURE 2 Logistic and Cox regression models for forced expiratory volume in 1 s (FEV1) progression and all-
cause mortality with the proposed COPDGene 2019 classification of categories. Bold indicated categories
where 95% CI did not include 1. Black diamond: exposure; blue diamond: abnormal computed tomography
imaging; red diamond: abnormal spirometry; purple diamond: symptoms. #: change in FEV1 assessment done
on 4925 participants who returned for phase 2 clinical follow-up; adjusted for age at first visit, sex, race,
pack-years, current smoking status and baseline FEV1.

¶: mortality assessment done on 8784 participants in
the phase 1 cohort; data are implicitly adjusted for age, additionally adjusted for sex, race, pack-years and
current smoking. Reproduced from [18] with permission from the publisher.
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