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CT Emphysema Constitutes a High Risk 
for Future Air�ow Obstruction
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Abstract
Background and Methods: To evaluate differences in the frequency of airflow obstruction be-
tween the presence and absence of emphysematous changes (CT emphysema) detected in low-
dose CT screening, we performed a retrospective cohort study in males who annually under-
went a health check-up (Ningen Dock) for employees over a long period. Among males with a 
smoking history (≥ 20 pack-years) who underwent low-dose CT screening in a health check-up 
between April 1998 and March 2006, those who also underwent check-ups between April 2009 
and March 2012 were included as the subjects. The subjects consisted of 2,164 males (285 in 
the CT emphysema group and 1,879 in the non-emphysema group). Their mean age was 51.4 
years, and the mean amount of smoking was 33.4 pack-years. Pulmonary function tests were 
performed 11.5 times during a mean period of 12.1 years.
Results: The cumulative frequency of moderate or severe airflow obstruction, which was de-
fined as both forced expiratory volume % in one second (FEV1%) < 70% and percent forced 
expiratory volume in one second (%FEV1) < 80%, in the CT emphysema group was 37.2%, 
markedly higher than that (14.8%) in the non-emphysema group. Multivariate analysis re-
vealed that the odds ratio of moderate or severe airflow obstruction due to CT emphysema was 
3.21 (2.24–4.58), and that due to smoking continuation was 8.16 (3.54–18.81). 
Conclusion: CT emphysema may be a radiological sign of future airflow obstruction risk.
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Chronic obstructive pulmonary disease (COPD) 
is considered to be the 4th leading cause of death 
in the world1. In Japan, the estimated number 

of people with this disease was more than 5,300,000 
in 2004 2 . In COPD patients, emphysema and airway 
involvement are present to varying degrees due to long-
term exposure to risk factors, especially smoking. There-
fore, if emphysema and airway-related changes can be 
clarified before the development of COPD, early appro-
priate interventions may be possible.

We previously reported that emphysematous changes 
(CT emphysema) were observed in low-dose CT screen-
ing for lung cancer in 11.2% of males aged 50–69 years, 
and the majority (95.3%) of those with CT emphysema 
had smoking history3. We have also reported an increase 
in the frequency of airflow obstruction during follow-up 
of pulmonary function in those with CT emphysema4, 
and inhibition of CT emphysema progression by long-
term smoking cessation5.

In middle-aged smokers with CT emphysema, airflow 
obstruction is often absent, and the degree of the in-
creased risk of developing clinical COPD in the future is 
not clear. In this study, we evaluated the cumulative fre-
quency of airflow obstruction according to the presence 
or absence of CT emphysema and smoking continuation 
in males who annually underwent a health check-up 
(Ningen Dock) over a long period.

Purpose
The purpose of this study was to evaluate differences 

in the frequency of airflow obstruction according to the 
presence or absence of CT emphysema and smoking 
continuation in males who annually underwent Ningen 
Dock over a long period.

Subjects and Methods
We conducted a retrospective cohort study using 

health check-up data obtained  at Hitachi Health Care 
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Center. Subjects were selected from a total of 7,431 men 
with a history of smoking (≥ 20 pack-years) who under-
went low-dose CT screening between April 1998 and 
March 2006, excluding those who received medication 
for bronchial asthma or COPD, who also underwent sub-
sequent screening between April 2009 and March 2012.  
There were 2,164 men who met these criteria. If subjects 
underwent screening more than once in the first period, 
the date of the earliest screening was defined as baseline 
and if they were screened more than once in the second 
period the data from the latest screening was used to as-
sess changes from baseline. This study was performed 
with the approval of the Ethics Committee of the Hitachi 
Health Care Center (No. 1998–2001).

Participants were aged 50–69 years. The study was 
performed after obtaining informed consent from them6. 
A single slice CT scanner had been used. The scanning 
parameters were 120 kV peak, 50 mA, 10-mm collima-
tion, and 2:1 pitch. The whole lung field was scanned 
and completed at deep inspiration during a single breath-
hold. Emphysematous changes were visually evaluated by 
two radiologists and one pulmologist, and a consensus 
reached. The severity of emphysema was classified as 
mild, moderate, and severe according to Goddard’s clas-
sification7.

Pulmonary function tests were performed as a part 
of the health check-up. Forced vital capacity (FVC) and 
forced expiratory volume during the first second (FEV1) 
were measured using the forced expiration technique. 
The ratio of these two measurements (FEV1/FVC, de-
scribed as FEV1%) was calculated. In addition, we used 
the ratio of the actually measured FEV1 to the predicted 
FEV1 (%FEV1 ) for analysis. The predicted FEV1 were 
calculated from formula provided by Japanese Respira-
tory Society8 . According to the diagnostic criteria of 
the Japan Society of Ningen Dock9, airflow obstruction 
was classified as mild (FEV1% < 70%) and moderate or 
severe obstruction (FEV1% < 70%, and %FEV1< 80%), 
and the cumulative frequency of airflow obstruction dur-
ing the whole follow-up period was calculated. 

Logistic regression was used to estimate the odds ratio 
and its 95% confidence interval for an association be-
tween CT emphysema at baseline and risk of airflow ob-
struction, with adjustment for age and smoking intensity. 
Statistical analyses were performed using SPSS Version 
19 (IBM).

Results
The characteristics of the subjects are shown in Table 

1 . Their mean age was 51.4 years, and the amount of 
smoking was 33.4 pack-years. During a mean period of 
12.1 years, pulmonary function tests were performed 
11.5 times. Age was slightly higher, and the amount of 
smoking was greater in CT emphysema subjects (N=285) 
than in those without CT emphysema (N=1,879). The 
severity of emphysema was mild in 89.1%, as deter-
mined by visual evaluation9.

The results for frequency of airflow obstruction are 
shown in Fig.1 . In the CT emphysema group, the pro-
portion of participants with airflow obstruction at the 
initial examination was 26 .3%, and the cumulative 
frequency for all examinations was 57.2%. In the non-
emphysema group, the proportion of participants with 
airflow obstruction at the initial examination was 9.3%, 
and the cumulative frequency was 26.0% (Fig.1a). The 
frequency of moderate or severe airflow obstruction at 
the initial examination and the cumulative frequency in 
the CT emphysema group were 16.8% and 37.2%, re-
spectively, which were markedly higher than the frequen-
cies (5.9% and 14.8%) in the non-emphysema group 
(Fig.1b).

As factors associated with the development of airflow 
obstruction, subject age, smoking status (current or 
past), amount of smoking (pack-years), and presence or 
absence of CT emphysema were evaluated. Univariate 
and multivariate analyses were performed with respect to 
smoking continuation and presence of CT emphysema 
at the initial health check-up(Table 2). In multivariate 
analysis with adjustment for age and amount of smok-
ing, the odds ratio of developing airflow obstruction due 

Table 1.  Characteristics of Participants
CT emphysema (+) CT emphysema (–) p

n 285 1879
Age (mean ± S.D.) 52.1 ± 5.2 51.3 ± 5.1 0.026
Pack-years 35.8 ± 16.3 33.1 ± 11.7 0.011
Smoking status at baseline
　Current 244 1581 0.524*
　Past 41 298
Follow-up (years) 12.1 ± 1.4 12.2 ± 1.4 0.553
Times of Pulmonary Function Test 11.8 ± 2.0 11.5 ± 2.5 0.057
Severity of CT emphysema  
(Mild/Moderate/Severe) 7

254/22/9
(89.1/7.7/3.2%) 0/0/0 –

t-test, * χ 2 test
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to CT emphysema was 3.21 (95% confidence interval, 
2.37–4.36), and that of developing moderate or severe 
airflow obstruction was 3.21 (2.24–4.58) within the 
observation period. On the other hand, the odds ratio 
of developing airflow obstruction due to smoking con-
tinuation was 2.56 (1.75–3.76), and that of developing 
moderate or severe airflow obstruction was 8.16 (3.54–
18.81) within the observation period. According to self-
reporting on smoking habit, the proportion of current 
smokers had decreased to 35.8% in the CT emphysema 
group and 40 .5% in the non-emphysema group by 
March 2012.

Discussion
The Japanese Respiratory Society Guidelines for the 

Diagnosis and Treatment of COPD state that “CT ex-
amination is useful for the early detection of emphyse-
matous lesions, and allows early interventions such as 
smoking cessation guidance10 ”. Sato et al. reported a 
high incidence of CT emphysema even in smokers aged 
< 50 years and an increase in its incidence with age11. A 
cohort study involving COPD patients showed that the 

severity of COPD is not always correlated with that of 
emphysema, suggesting that people with various patho-
logical conditions were included in the COPD subjects, 
emphysema was severe in a group with a rapid decrease 
in pulmonary function, and the severity of emphysema 
is an important factor associated with the survival of 
COPD patients12 .

Though there have been many studies on emphysema 
and airway involvement on CT images in clinical COPD 
patients, a clear correlation of incidentally detected CT 
emphysema and future risk of COPD has not been dem-
onstrated. With the widespread use of low-dose CT for 
lung cancer screening, smoking-related findings have 
been actively evaluated in screening participants. In this 
regard, a cross-sectional study by Ohmori et al. observed 
age-related increases in the incidences of CT emphysema 
and airflow obstruction13 . A more recent study found 
that CT emphysema detected in low-dose screening CT 
scans is a factor predicting death from cardiovascular or 
respiratory diseases14 and is associated with a future de-
crease in respiratory function15.

In this study, in screening participants with CT emphy-

Fig.1. Cumulative Frequency of Air�ow Obstruction According to Presence or Absence of CT Emphysema
a: overall (mild to severe) airflow obstruction, b: moderate or severe airflow obstruction.

Table 2. Logistic Regression Analysis for Association of CT Emphysema and Smoking Intensity 
at Baseline with Incidence of Air�ow Obstruction

Univariate analysis Multivariate analysis
Odds ratio* of overall air�ow obstruction
　CT emphysema 3.31 (2.45–4.49) 3.21 (2.37–4.36)
　Smoking at baseline 2.43 (1.67–3.54) 2.56 (1.75–3.76)
Odds ratio* of moderate or severe air�ow obstruction
　CT emphysema 3.33 ( 2.34–4.74) 3.21 ( 2.24–4.58)
　Smoking at baseline 8.40 (3.66–19.30) 8.16 (3.54–18.81)

*Adjusted by age and pack-years (logistic regression model)
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sema in their 50s, the risk of developing airflow obstruc-
tion after the age of 60 was approximately 3 times higher, 
and 1 in 3 of them developed moderate or severe airflow 
obstruction. These results suggest that the presence of 
CT emphysema is a strong risk factor that is independent 
of smoking history. Although interventions for smoking 
cessation are essential in all lung cancer screening par-
ticipants, even stronger interventions are required in par-
ticipants presenting CT emphysema. For example, health 
advice using participants’ own CT images could play an 
important role in getting them to change their smoking 
behavior. Furthermore, close observation of patients with 
CT emphysema and smoking history is desirable in view 
of the high risk of future airflow obstruction in such pa-
tients.

The strengths of our study compared with other stud-
ies are as follows. First, our study found a high frequency 
of airflow obstruction during long-term follow-up of par-
ticipants with CT emphysema. Second, the risk of airflow 
obstruction involved in CT emphysema was determined 
independently from smoking habits by comparing the 
CT emphysema and non-emphysema groups with ad-
justments for background factors.

This study has some limitations. Since it was a retro-
spective study involving males who annually underwent 
screening, there may have been a bias in their health 
status. In addition, since airway involvements and symp-
toms were not evaluated, COPD without CT emphysema 
might have been overlooked. However, since emphysema 
is considered to be the dominant phenotype in most 
clinical COPD patients16 , this approach using CT images 
may be useful to a certain degree.

The original purpose of low-dose CT screening is the 
early detection of lung cancer. However, CT emphysema 
is an important radiological risk factor for future air-
flow obstruction and a recent meta-analysis showed that 
participants with CT emphysema constitute a high-risk 
group for lung cancer17 . CT emphysema could possibly 
be a strong risk factor for not only COPD but also smok-
ing-related diseases, so more data needs to be accumu-
lated.

Conclusion
CT emphysema is a strong risk factor in predicting 

future airflow obstruction. To enhance the utility of CT 
screening, appropriate evaluation of smoking-related 
findings is strongly recommended.
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