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Correlation between Expiratory Increase of Lung Attenuation and
Age and Smoking in the Subjects with Normal Inspiratory Low Dose
CT and Pulmonary Function Test

Sung-Youn Kwon, M.D."?, Yong-Il Hwang, M.D.*, Ho-Il Yoon, M.D.'?, Jae-Ho Lee, M.D.'?, Choon-Taek Lee,
M.D."? Kyung Won Lee, MD"?

]Respizzz[ory Center, Departments of ’Internal Medicine, ijIc/io/og, Seoul National University Bundang Hospital, Seongnam,
{Depzumz@nr of Internal Medicine, Hallym University Sacred Heart Hospital, Seoul, Korea

Background: The attenuation of the lung parenchyma increases on expiration as a consequence of decreased air
in the lung. Expiratory CT scans have been used to show air trapping in patients with chronic airway disease
and diffuse parenchymal disease and also in asymptomatic smokers, Although there have been several reports
investigating the regional air trapping on a expiratory CT scan, there have been only a few reports evaluating
the changes of whole lung attenuation with considering its clinical significance, and especially in healthy subjects.
The purpose of this study was to evaluate the correlation of an expiratory increase of lung attenuation with age
and smoking in healthy subjects.

Methods: Asymptomatic subjects who underwent a low dose chest CT scan as part of a routine check-up and
who showed normal spirometry and a normal inspiratory CT scan were recruited for this study. We excluded
the subjects with significant regional air trapping seen on their expiratory CT scan. Lung attenuation was measured
at 24 points of both the inspiratory and expiratory CT scans, respectively, for 100 subjects. The correlations between
an expiratory increase of the lung attenuation and the amount of smoking, the patient's age and the results of
spirometric test were assessed.

Results: There were 87 men and 13 women included in this study. Their median age was 49.0 years old (range:
25~71). Sixty current smokers, 24 ex-smokers and 16 non-smokers were included. As age increased, the expiratory
increase of lung attenuation was reduced at every measuring points (r=—0.297~ —0.487, Pearson correlation),
The statistical significance was maintained after controlling for the effect of smoking. Smoking was associated with
a reduction of the expiratory increase of lung attenuation. But the significance was reduced after controlling for
the patient's age. The FEVy, FVC, FEVi/FVC and FEFzs~7s, were not associated with an expiratory increase of lung
attenuation,

Conclusion: The expiratory increase of lung attenuation in subjects with a normal inspiratory CT scan was negatively
correlated with age. It was also reduced in heavy smokers. It may reflect aging and the smoking related changes.
(Tuberc Respir Dis 2008,65:457-463)
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Figure 1, Examples of expiratory CT findings, (A) Paired inspiratory and expiratory CT scan of 66 years old current
smoking male with 45 pack-year of smoking amount, Expiratory CT scan shows minimal change of lung density (bottom).
(B) Paired inspiratory and expiratory CT scan of 29 years old ex-smoking male with 13 pack-year of smoking amount,
Expiratory CT scan shows increased lung density compared with inspiratory CT scan (bottom).
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Figure 2, Example of lung attenuation measurement.

Table 1, Baseline characteristics of the study subjects
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20~39 year old 40~59 year old >60 year old Total
Subjects (number) 28 36 36 100
Smoking amount (pack-year) 94+79 250+193 300+141 225+170
Current/Ex/Non smokers (subjects) 16/5/7 19/10/7 25/9/2 60/24/16
FEV: (% of pred. value) 1006+87 101.3+127 98.1+148 999+125
FVC (% of pred, value) 916+75 941115 916119 925+106
FEV4/FVC 86.7+6.8 816+65 758+69 809+80
FEF25-75% (% of pred, value) 1056+242 1014+309 86.0+279 97.0+290
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Table 4, Correlation between expiratory increase of lung
attenuation and smoking amount

Correlation coefficient (r)

Inspiration Expiration Difference Sar:n(;ﬁgg S(ln;\ol;me? d'iggs)n !
(HU) (HU) (HU) ge &d
Ventra  —9039+181 —8435+308 604+266 \h//leerggl :8';”72* :%21%2
Medial —889.8+22 1 —7700+£707 79.0+331 Lateral 70'320* 0 '223*
Lateral —8824+232 —8087+360 737+311 Dorsal _0'250* _O' 108
Dorsal —8699+286 —7517+£519 1222+521 Uooer 70.825* 70.196
Upper ~ —8844+210 —8037+401 80.7+368 Mf’ dp . oo hvies
Middle —888, 7223 —8080+36,7 80.7%+329 Lower 70'249* 70' 196
Lower —886.1£25 1 —7959+375 902+360 i i
*p<0.05,
Table 3, Expiratory increase of lung attenuation according to smoking groups
Nonsmoker <20 pack-year >20 pack-year p-value
(n=16) (HU) (n=33) (HU) (n=51) (HU) (one way ANOVA)
Ventral 6951242 714+305 50.3+20.6 0.000
Medial 774+285 9154327 714+328 0.023
Lateral 757+237 86.0+34 4 622+285 0.010
Dorsal 118.4+445 1413+£592 1111+466 0.031
Upper 846+275 949+413 702+333 0.009
Middle 83.6+270 9504379 7044277 0.008
Lower 875+318 102.7+385 8294339 0.044
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Table 5, Expiratory increase of lung attenuation according to age group

20~39 vyear old 40~59 year old >60 year old p-value
(n=28) (HU) (n=36) (HU) (n=36) (HU) (one way ANOVA)

Ventral 78.1+283 609+258 460+159 0.000
Medial 956+34 6 781+317 67.0+282 0,002
Lateral 856+320 757+306 626+276 0,010
Dorsal 1452+62 1 128.7+485 97.7+355 0.001
Upper 981+416 835+359 642+259 0.001
Middle 98.5+36.1 822+310 652+245 0.000
Lower 106.8+39.2 920+348 754+285 0.002
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Table 6, Correlation between expiratory increase of lung
attenuation and age

Correlation coefficient (r)

Age Age (smoking adjusted)

Ventral —0.487* —0.376*
Medial —0.325* —0,238*
Lateral —0.297* —0.186
Dorsal —0.371* —0.302*
Upper —0.376* —0277*
Middle —0.411* —0.310*
Lower —0.329* —0.254*
*0<0.05,
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