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ABSTRACT We evaluated the prevalence of significant lung abnormalities on computed tomography
(CT) in patients who died from a respiratory illness other than lung cancer in the National Lung
Screening Trial (NLST).

In this retrospective case–control study, NLST participants in the CT arm who died of respiratory illness
other than lung cancer were matched for age, sex, pack-years and smoking status to a surviving control. A
chest radiologist and a radiology resident blinded to the outcome independently scored baseline CT scans
visually and qualitatively for the presence of emphysema, airway wall thickening and fibrotic lung disease.
The prevalence of CT abnormalities was compared between cases and controls by using chi-squared tests.

In total, 167 participants died from a respiratory cause other than lung cancer. The prevalence of severe
emphysema, airway wall thickening and fibrotic lung disease were 28.7% versus 4.8%, 26.9% versus 13.2%
and 18.6% versus 0.5% in cases and controls, respectively. Radiological findings were significantly more
prevalent in deaths compared with controls (all p<0.001).

CT-diagnosed severe emphysema, airway wall thickening and fibrosis were much more common in
NLST participants who died from respiratory disease, and CT may provide an additional means of
identifying these diseases.
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Introduction
The National Lung Screening Trial (NLST) was the first to show that by using low-dose chest computed
tomography (CT) as a screening tool for lung cancer, a reduction in death rate from both lung cancer and
death from any cause could be established [1]. Lung cancer screening has been introduced in the USA, but
the debate on lung cancer screening is still continuing in Europe [2–4]. Lung cancer screening CT scans
could be utilised for the detection of other diseases as well, and provide a unique opportunity to
investigate the natural history and clinical relevance of certain diseases [5]; for example, calcium scores can
be derived, bone density can be measured, and the radiological characteristics of chronic obstructive
pulmonary disease (COPD) can be evaluated [6–8]. It is unknown whether analysing lung cancer CT
scans for the presence of other (smoking-related) diseases attributes to the cost-effectiveness of lung cancer
screening, but it at least provides valuable epidemiological health data [9].

Some studies have shown associations between CT diagnosis, all-cause mortality and respiratory mortality
[13–16]. In most of these studies, the cause of death as reported on the death certificate was used. Almost
10% (175/1865) of all deaths in the CT arm of the NLST were from respiratory illnesses other than lung
cancer according to the death certificates [1] and identification of these respiratory illnesses on lung cancer
CT can therefore provide important information regarding the diagnosis of the disease, which might have
an impact on survival. As treatment opportunities are emerging, for example, in COPD and idiopathic
pulmonary fibrosis (IPF), respiratory deaths may be prevented or delayed [10–12].

We hypothesised that abnormalities in accordance with respiratory deaths should already be visible on the
screening CT. NLST provides a unique opportunity to investigate the importance of these CT diagnoses
for survival. The objective of this study was to evaluate the prevalence of emphysema, airway wall
thickening and fibrotic lung disease in NLST participants who died of a respiratory disease in comparison
with a matched control. For this purpose, we performed a retrospective case–control study in NLST
participants who died from a respiratory illness other than lung cancer.

Methods and materials
Participants
Study design and primary results of the NLST have been reported in detail previously [1, 13]. In brief,
participants were enrolled if they were aged between 55 and 74 years and had a smoking history of more
than 30 pack-years. Former smokers should not have quit more than 15 years prior to enrolment.
Participants were excluded if they had a previous diagnosis of lung cancer, had undergone a chest CT
within 18 months prior to enrolment, or had haemoptysis or unexplained weight loss of more than 6.5 kg
in the previous year. From August 2002 to April 2004, 53454 participants were enrolled at 33 US medical
centres, of whom 26722 were randomly assigned to screening with CT and 26732 to screening with chest
radiography. Data on causes of death was retrieved on December 31, 2009. For this study, we included
participants from the CT arm who died from a respiratory illness other than lung cancer, as defined on the
death certificate and/or by the adjudication committee. For each case, a participant who was still alive at the
most recent follow-up (6.5 years after randomisation) was matched based on (in order of importance):
smoking status, sex, age and pack-years. Matching of the participants was performed automatically using
software developed in-house. If there were multiple matches, one of them was chosen randomly.

At the beginning of the trial, all participants had to fill in a questionnaire on whether they had diagnoses of
other illnesses prior to the study. This diagnosis was used to evaluate whether our CT findings were novel or not.

Causes of death
Cause of death was detected based on information derived from family members or friends through
administration of annual (lung screening study) or semi-annual (American College of Radiology Imaging
Network) health and vital status information forms or through other information, for example, obituaries
[14]. The death certificate was obtained and sent to a nosologist for coding. Causes of death were coded
using the ICD-10 coding system.

CT acquisition
All participants underwent low-dose chest CT scanning with a standard protocol that was developed by medical
physicists associated with the trial [15]. All CT scans were acquired using multidetector scanners. Participants
were scanned with 120 kVP or 140 kVP, depending on their weight. The average effective dose was
approximately 1.5 mSv. No intravenous contrast was administered and no ECG synchronisation was performed.

Chest CT reading
A board-certified chest radiologist and a radiology resident, blinded to the outcome, independently scored
baseline CT scans for the presence of centrilobular emphysema (CLE) (subclassified as mild, moderate, or
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severe (confluent CLE or advanced destructive emphysema)) [15], airway wall thickening (absent or
present), fibrotic lung disease (absent or present) or no pulmonary abnormalities, i.e. normal lungs.
Normal lungs could contain nodules. Examples of CT abnormalities are shown in figures 1–3, and were
defined according to the Fleischner Society glossary [15]. Airway remodelling was subjectively defined as
thicker airway walls than normal, as there is no strict definition. Interstitial lung abnormalities were
defined as changes affecting >5% of the lung and could include reticular or ground glass abnormalities,
centrilobular nodularity, cysts, honeycombing, or traction bronchiectasis [16]. Subsequently, fibrotic lung
disease was classified as fibrotic nonspecific interstitial pneumonia (NSIP), usual interstitial pneumonia
(UIP), or other/indeterminate [16]. CT scoring took approximately 1 min, including loading of the images
and reporting the findings in a digital database. Discordant cases were resolved by a consensus reading.

Statistical analysis
Normally distributed results are presented as mean±SD values. Non-normally distributed data are
presented as median (interquartile range) values. Normally distributed data were compared between cases
and controls using t-tests, whereas non-normally distributed data were compared using Mann–Whitney
U-tests. The prevalence of CT abnormalities was compared using Chi-squared tests.

Because the cause of death on a death certificate can be inaccurate, the NLST used a review committee
(Endpoint Verification Process; EVP) to assign the underlying cause of death. In the original New England
Journal of Medicine publication, the death certificates and not the EVP diagnoses were published. We
re-analysed our data after evaluation by the EVP in order to provide precise prevalence numbers and to evaluate
the importance of the EVP. The process of evaluation by the EVP is described in the supplementary material.

Inter-observer agreement for the emphysema scores between the two observers was calculated using
weighted kappa statistics, and presence or absence of other pulmonary abnormalities was also calculated
using κ−values. Reliability was rated poor for κ-values of <0.20, fair for κ-values between 0.21–0.40,
moderate for κ-values of 0.41–0.60, good for κ-values of 0.61–0.80 and excellent for κ-values of >0.80. All
p-values lower than 0.05 were considered statistically significant. Statistical analyses were performed with
SPSS version 23.0 (SPSS, Chicago, IL, USA).

Results
Of the 172 deaths and controls, five deaths turned out be from lung cancer, as defined by the EVP.
Therefore, we excluded five cases and five controls prior to analysis, resulting in 167 deaths and controls.

a) b)

c) d)

FIGURE 1 Examples of several stages of emphysema. a) Normal lungs; b) mild centrilobular emphysema;
c) moderate centrilobular emphysema; and d) severe centrilobular emphysema.
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Causes of death according to the death certificate are shown in table 1. Seven cases and three controls had
lung cancer at the time of death adjudication, but they had not died from lung cancer. Demographics and
the prevalence of radiological lung disease of the 167 deaths and controls are presented in table 2. Severe
emphysema was more prevalent in participants who died compared to participants still alive (28.7% versus
4.8%; p<0.001), whereas the prevalence of mild and moderate emphysema did not differ significantly
between cases and controls. Fibrotic lung disease was present in 32 (9.6%) participants, of whom 31 had
died. One subject who was still alive had NSIP with fibrosis. Among the 31 participants who died with
fibrotic lung disease the following radiological patterns were observed; 11 had UIP, 16 had NSIP with
fibrosis, one had end-stage Langerhans cell histiocytosis, one had possible asbestosis, one had
pleuroparenchymal fibroelastosis and one had indeterminate fibrotic lung disease. The presence of airway
remodelling was more prevalent in participants who died compared with participants still alive (26.9% versus
13.2%). Data on overlap between visual scores are shown in figure S1. The kappa values for the CT diagnoses
between the two readers were moderate to excellent (severe emphysema (weighted kappa): 0.910; airway
remodelling: 0.702; fibrotic lung disease: 0.843; normal lungs: 0.794).

The CT findings of our cases were compared with the existence of a prior diagnosis of lung disease as
derived from questionnaires. Of the 48 cases who had severe emphysema, 24 (50%) were known to have
COPD and/or emphysema and six (13%) of them were known to have adult asthma. Of the 45 cases with
airway remodelling, 17 (38%) were known to have COPD and/or chronic bronchitis, and nine (20%) were
known to have adult asthma. Of the 31 cases with fibrotic lung disease, none had a prior diagnosis of
fibrosis of the lungs, but two (6%) were known to have asbestosis.

EVP evaluation
In 55 participants for whom the EVP agreed with the death certificate, the prevalence of radiological lung
disease remained higher in participants who died compared with participants who were still alive (table 3).

FIGURE 2 Example of airway wall thickening in axial view, with magnification of a part with thickened airways.

FIGURE 3 Example of fibrotic lung disease with magnification of a diseased part of the lung.
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Prevalence numbers of emphysema and airway remodelling were higher in the group in which the EVP
verified a respiratory cause of death compared with the group in which the cause of death was based on the
death certificate only (43.6% versus 29.7% for emphysema and 40.0% versus 26.7% for airway remodelling). In
line with the previous group, the presence of severe emphysema, but not the presence of mild and moderate
emphysema, was significantly different between cases and controls (p<0.001). In 26 participants who died
from a respiratory illness according to the death certificate, the EVP did not agree. In this group, 16 (61.5%)
participants died from COPD according to the certificate, but causes of death as reported by the EVP were
mainly described as being a circulatory disease or a neoplasm. In these 26 participants, the prevalence of
radiological lung disease was not significantly different from that of the matched controls (table 4).

Discussion
With the implementation of annual lung cancer screening in the USA in former and current smokers, up to
10 million individuals will be eligible for screening in the USA [17]. Our study shows that lung cancer
screening scans contain important health information beyond that for lung cancer. By evaluating
participants who died from respiratory causes other than lung cancer, we showed that some CT diagnoses
were much more common in participants who died from a respiratory cause. Further research is needed to
investigate whether evaluation of CT scans for other abnormalities is able to prevent deaths from respiratory
diseases in addition to lung cancer.

TABLE 2 Demographics and prevalence of radiological disease on chest computed tomography
stratified by mortality due to a respiratory illness, based on the death certificate

Variable Alive Died of respiratory illness p-value

Subjects 167 167
Age years 64.9±5.7 65.0±5.8 0.93
Male sex 111 (66.5) 111 (66.5) 0.52
Current smoker 93 (55.7) 92 (55.0) 0.50
Pack-years 60.0 (47.3–84.0) 61.0 (47.0–86.0) 0.69
Emphysema
Mild 48 (28.7) 35 (21.0) 0.06
Moderate 24 (14.3) 35 (21.0) 0.08
Severe 8 (4.8) 48 (28.7) <0.001

Fibrotic lung disease 1 (0.5) 31 (18.6) <0.001
Airway remodelling 22 (13.2) 45 (26.9) 0.001
Normal lungs 58 (34.7) 15 (9.0) <0.001

Data are presented as n, n (%), mean±SD or median (interquartile range).

TABLE 1 Causes of death of 167 cases, according to the death certificate

ICD code Cause of death n (%)

J110 Influenza due to unidentified influenza virus with pneumonia 1 (0.3)
J128 Pneumonia due to coxsackievirus 1 (0.3)
J151 Pneumonia due to Pseudomonas 1 (0.3)
J180 Bronchopneumonia, unspecified organism 1 (0.3)
J189 Pneumonia 17 (5.1)
J439 Emphysema 10 (3.0)
J440 COPD with acute lower respiratory infection 5 (1.5)
J441 Acute exacerbation 2 (0.6)
J448 Other chronic obstructive pulmonary disease 3 (0.9)
J449 COPD 91 (27.2)
J459 Unspecified asthma 1 (0.3)
J690 Aspiration pneumonia 3 (0.9)
J80X Acute respiratory distress syndrome 1 (0.3)
J841 Alveolar proteinosis 16 (4.8)
J849 Interstitial pulmonary disease, unspecified 5 (1.5)
J969 Respiratory failure, unspecified 4 (1.2)
J984 Other disorders of the lung 5 (1.5)

COPD: chronic obstructive pulmonary disease.
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Given the substantial costs of CT lung cancer screening [7], rapid reading (<1 min) of the CT scans can
provide additional information by identifying diagnoses leading to respiratory mortality. In this study, we
showed that the presence of fibrosis, severe emphysema and airway remodelling were strongly associated
with respiratory mortality. As 10% of the deaths found in the NLST were a result of respiratory causes
other than lung cancer, CT diagnoses could be helpful in the identification of the underlying entities, if
not diagnosed or treated previously. Additionally, it has been shown that systematic identification of
emphysema and lung fibrosis during lung cancer screening is important because both have been shown to
be associated with an increased risk of lung cancer [18, 19].

With the identification of pulmonary abnormalities on CT, in addition to lung cancer, the yield of lung
cancer screening might improve by treating subject with these “incidental” findings. Of the participants we
identified with severe emphysema, 50% did not have a prior diagnosis of emphysema or COPD. In
addition, 29 out of 31 participants we found to have fibrotic changes did not have a prior history of
fibrotic lung disease. Thus, identifying these abnormalities could have an impact on survival in
participants who are at risk of dying from a respiratory cause.

In evaluating cause-specific mortality, the cause of death is mostly based on the information provided by
the death registry. Although this information is readily available, it has been shown that the cause of death

TABLE 4 Demographics and prevalence of radiological disease on chest computed tomography
(CT) stratified by mortality of participants where the Endpoint Verification Process did not
confirm a respiratory cause of death other than lung cancer as reported by the death
certificate

Alive Died p-value

Subjects 26 26
Age years 63.8±5.4 64.4±5.7 0.71
Male sex 6 (23.1) 6 (23.1) 0.63
Current smoker 14 (53.8) 14 (53.8) 0.61
Pack-years 62.5 (44.4–85.0) 64.5 (43.6–81.0) 1.0
Emphysema
Mild 9 (34.6) 7 (26.9) 0.76
Moderate 6 (23.1) 3 (11.5) 0.23
Severe 1 (3.8) 7 (26.9) 0.05

Fibrotic lung disease 1 (3.8) 3 (11.5) 0.61
Airway remodelling 7 (26.9) 6 (23.1) 1.0
Normal lung 16 (61.5) 12 (46.2) 0.40

Data are presented as n, n (%), mean±SD or median (interquartile range).

TABLE 3 Demographics and prevalence of radiological disease on chest computed tomography
stratified by mortality due to a respiratory illness, based on the death certificate and confirmed
by the Endpoint Verification Process

Alive Died p-value

Subjects 55 55
Age years 63.0±5.5 65.3±5.8 0.04
Male sex 37 (67.3) 37 (67.3) 0.58
Current smoker 34 (61.8) 34 (61.8) 0.58
Pack-years 54.0 (43.0–84.0) 61.5 (49.5–98.0) 0.20
Emphysema
Mild 14 (25.5) 9 (16.4) 0.35
Moderate 8 (14.5) 13 (23.6) 0.33
Severe 2 (3.6) 24 (43.6) <0.001

Fibrotic lung disease 1 (1.8) 7 (12.7) 0.03
Airway remodelling 9 (16.4) 22 (40.0) 0.01
Normal lung 42 (76.4) 15 (27.3) <0.001

Data are presented as n, n (%), mean±SD or median (interquartile range).
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as described is not always correct [14, 20]. As a result, analyses that are based on these data might be
under- or overestimating a real effect. In the data we analysed, the cause of death derived from the death
certificate was modified in 53.8%, which certifies the importance of the EVP.

When evaluating participants who had died from a respiratory cause other than lung cancer, as defined by
the death certificate, the presence of fibrosis, severe emphysema and airway remodelling were all more
prevalent in participants who had died. By presence, the presence of normal lung findings was more
common in participants that were still alive. In participants for whom the EVP did not confirm a
respiratory cause of death, there were no associations between CT diagnosis and mortality, although this
could be due to limited power. For severe emphysema, we observed a trend and for fibrotic lung disease
the same direction of effect.

Previous studies have shown that the presence of emphysema as derived from quantitative CT is associated
with both all-cause and respiratory mortality [21, 22]. Although automatic emphysema quantification is
feasible when evaluating a large number of scans, the challenge in quantitative emphysema measures is
that absolute values differ between scanners, radiation dose, filters and other confounders. At present,
there is no correction factor and nor single threshold for emphysema. The same holds for measuring
airway wall thickness, which can be affected by the level of inspiration and image quality. In addition to
the variability in automatic measurements, automatic calculations may take some time and may also
require manual adjustments. Although segmentation of the lungs and airways can be done within a
minute, calculating airway wall thickness takes somewhat longer (up to 5 min). In addition, automatic
identification of fibrotic changes remains a challenge. Hence, to be able to identify emphysema and airway
remodelling, as well as the presence of fibrosis, visual evaluation remains a good alternative that, as we
have shown, can be done fairly rapidly with good observer agreement.

Although the presence of mild and moderate emphysema has been shown to be of clinical relevance in
terms of respiratory impairment [23], only the presence of severe emphysema as determined by
quantitative CT has previously been shown to be associated with “short-term” mortality [21, 22, 24]. The
results in this cohort, which are based on visual evaluation, confirm these results. Even in the group for
which the adjudication committee did not confirm a respiratory cause of death, the prevalence of severe
emphysema was higher in participants who died. Albeit not statistically significant, these results may
support the findings of HARUNA et al. [21] and JOHANNESSEN et al. [22], who found an association between
severe emphysema and other non-respiratory causes of death (cardiovascular and cancer) as well.

A strength of this study was the ability to study a relatively large number of respiratory deaths in screened
participants, with verified causes of death, given the sample size of NLST. Other studies that evaluated
pulmonary CT abnormalities and mortality all used information acquired from death registries, which
might lead to an underestimation of the actual effect. We were able to analyse participants in which the
EVP did not confirm a respiratory cause of death, and showed that lung abnormalities on CT are
specifically associated with respiratory mortality as defined by the EVP, which verifies the importance of
an adjudication committee.

Some limitations need to be addressed. First, because the results were stratified by causes of death as
defined by the EVP and death certificate, the number of participants in the subgroups was limited.
Secondly, because the EVP systematically selected COPD deaths, but not lung fibrosis or other respiratory
deaths, the subgroups analysed in this study might have been influenced by selection bias. Although there
was still a clear difference in the presence of fibrosis between cases and controls, this effect might be even
larger if a broader population was to be included. Thirdly, visual CT reading will inevitably involve
inter-observer variation. Although we provided results on good agreement between the two observers,
future studies should focus on how agreement among different readers and centres could be optimised, in
order to provide the best form of this rapid reading method.

In conclusion, we showed that rapid reading of lung cancer screening CT scans for significant pulmonary
abnormalities can provide diagnoses that are much more common in participants who died of a
respiratory cause. Eventually it may even increase the yield of lung cancer screening by possibly reducing
the number of respiratory deaths other than lung cancer.
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