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ume, expiratory mean lung density (MLD), and expiratory 
EI –950  (%) and EI –850  (%). The COPD group had a significantly 
higher EI –950  (%) than the asthma group ( p  = 0.008). There 
were significant differences among the three groups in lu-
men area (LA), wall area (WA), total area, and Pi10WA. The 
asthma group had significantly higher WA%/WV% than both 
the COPD ( p  = 0.002) and the control group ( p  = 0.012). There 
was high sensitivity in EI –950  (%), EI –850  (%) and expiratory 
MLD in the parenchyma and high sensitivity in LA and 
Pi10WA in small airways in the differential diagnosis of 
COPD and asthma.  Conclusion:  To aid the diagnosis, CT can 
provide quantitative measurements to differentiate be-
tween COPD and asthma patients.  © 2017 S. Karger AG, Basel 

 Introduction 

 Accurate diagnosis of pulmonary diseases is of great 
significance to treat and manage patients well. Although 
pulmonary function tests (PFTs) are generally accepted 
as the common standard for diagnosing many pulmonary 
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 Abstract 

  Background:  It is difficult to differentiate between chronic 
obstructive pulmonary disease (COPD) and asthma in clinics; 
therefore, for diagnostic purposes, imaging-based measure-
ments could be beneficial to differentiate between the two 
diseases.  Objectives:  We aim to analyze quantitative mea-
surements of the lung and bronchial parameters that are 
provided by low-dose computed tomography (CT) to differ-
entiate COPD and asthma from an imaging perspective.  Ma-

terials and Methods:  69 COPD patients, 52 asthma patients, 
and 20 healthy subjects were recruited to participate in CT 
imaging and pulmonary function tests (PFTs). Comparative 
analysis was performed to identify differences between 
COPD and asthma in CT measurements. PFT measurements 
enabled validation of the differentiation between COPD and 
asthma patients.  Results:  There were significant differences 
among the COPD, asthma, and healthy control groups. The 
differences were more significant among the following: in-
spiratory emphysema index (EI) –950  (%), expiratory lung vol-
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diseases, the tests have a substantial rate of false positives 
because lungs have a strong self-compensating capability 
that may mask signs of diseases at early stages  [1] . In ad-
dition, PFTs require the cooperation of patients for an 
accurate reading, which is not always achievable with pe-
diatric patients or patients with advanced stages of pul-
monary diseases. A radiological examination may pro-
vide an independent approach for assessing lung diseases 
or can be used in combination with PFTs for accurate and 
early diagnosis  [2, 3] . In a study comparing chronic ob-
structive pulmonary disease (COPD) patients and asth-
ma patients, we evaluated how low-dose computed to-
mography (CT) and its quantitative analysis may be used 
to diagnose and differentiate between COPD and asthma.

  COPD and asthma  [4]  are two prevalent pulmonary 
diseases, whose diagnosis and, in particular, differentia-
tion remain challenging in clinics due to the overlap in 
symptoms between the two diseases. PFTs alone cannot 
differentiate to diagnose the right condition  [5, 6] . CT, 
however, can provide imaging-based characteristics 
about the lungs including measurements on lung paren-
chyma for detailed analyses of individual bronchi, such as 
small airways. Despite this promise, there lacks a way to 
comprehensively evaluate the CT measurements so as, 
again, to differentiate between the two diseases. In recent 
years, it has been recognized that a small airway, which is 
typically defined as that which has an internal diameter 
of less than 2 mm, may represent a potential focus for 
treating COPD and asthma  [7, 8] . Specifically, CT can 
provide valuable information about these areas in such a 
way that PFTs, including lung volume (LV), mean lung 
density (MLD), emphysema index (EI) –910  (%), EI –950  
(%), EI –850/–950  (%), and other parameters in both inspira-
tory and expiratory phases  [9–12] , cannot. We postulate 
that CT can be explored to find the parameters that can 
differentiate between COPD and asthma  [11, 13–16] . As 
such, we hypothesized that quantitative features of CT 
can differentiate between COPD and asthma so as to al-
low an accurate diagnosis of each disorder. Thus, the ob-

jective of this study was to identify the CT measurements 
that can best differentiate between COPD and asthma.

  Materials and Methods 

 Population and Ethics 
 The study, which was approved by the institutional review 

board on research ethics, was conducted between January 2014 
and June 2015 in Guangzhou, China. All the subjects were in-
formed of the objective of the study and gave consent to partici-
pate. We recruited 20 healthy nonsmokers as the control group 
within which the subjects had no history of contacting dusts and 
any other known respiratory diseases. The subjects were recruited 
under the condition that they had had no CT scan in the past year 
and would not take part in CT-related research within the coming 
year so as to reduce their exposure to radiation. We recruited 69 
COPD patients. The number of subjects of the comparison group 
in each COPD stage, as defined by the 2013 Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) standard  [5] , included 
24/69 (35%) in stage I, 14/69 (20%) in stage II, 15/69 (22%) in stage 
III, and 16/69 (23%) in stage IV. We recruited 52 asthma patients. 
The final diagnosis of all the COPD and asthma patients was con-
firmed after clinical examinations by physicians who followed uni-
versally accepted criteria. COPD and asthma of all patients were in 
the stable phase. The baseline and demographic characteristics of 
the study subjects are provided in  Table 1 .

  Computed Tomography 
 A 16-detector row Toshiba Aquilion CT scanner was used to 

image all the subjects. The scanner was calibrated each day before 
scanning. The scanning parameters were tube voltage 120 kV, tube 
current 60 mA, helical pitch 0.938, rotation time 0.5 s, scanned 
slice thickness 1.0 mm, and interval 1.0 mm. Reconstructed image 
size was 512 × 512 pixels. The volume dose index (CTDI vol) and 
the exposure length (L) along the direction of the patient were re-
corded in the patients with CT scanning dose report. The following 
formula was used:  ED = CTDI vol × L × W (where ED is the ef-
fective dose and W is the chest weight index of 0.017 mSv/(mGy × 
cm)). Our results showed that the dose-length product range was 
82.4–98.4 mGy × cm with an average of 89.5 ± 5.3 mGy × cm. The 
effective radiation dose range was 1.40–1.69 mSv with an average 
of 1.51 ± 0.09 mSv. This dosage was lower than 10 mSv/year as re-
quired by the International Commission on Radiological Protec-
tion (ICRP).

Control (n = 20) COPD (n = 69) Asthma (n = 52)

Age, years 42.8 ± 12.0 (23 – 67) 46.6 ± 12.59 (29 – 78) 46.6 ± 12.6 (18 – 65)
Male/female 10/10 68/1 25/27
BMI 23.58 ± 3.93 21.6 ± 3.40 23.33 ± 3.70
BSA, m2 1.68 ± 0.19 1.64 ± 0.21 1.67 ± 0.21

 BSA = 0.20247 × height0.725 × weight0.425, where height was measured in meters and 
weight was measured in kilograms.

 Table 1.  Baseline and demographic 
characteristics of the healthy control, 
COPD, and asthma patients
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  All the subjects were briefly trained to take and hold deep 
breaths and then to exhale completely. It was determined that all 
the subjects were able to perform the above breathing regimen sat-
isfactorily prior to their inclusion in the experiments. During the 
CT examination, we visually assessed the breath of the subjects to 
identify their inspiratory and expiratory phases for accurate CT 
measurements. Also, during the CT examination, all subjects were 
found to have no conditions other than COPD or asthma for the 
two comparison groups. Two scans were performed at the inspira-
tory and expiratory phases for each subject.

  All the images were analyzed using the commercial software 
LungCAD_SVM2.0.1 (Neusoft Medical Systems, Shenyang, Chi-
na). We also used the software to automatically segment the lungs 
from the chest wall, mediastinum, large blood vessels, and bronchi. 
We then used the software to measure LV, MLD, EI –910  (%), EI –950  
(%), EI –850  (%), and the ratio of EI –850  to EI –950  (EI –850/–950 ) (%) in 
the inspiratory phase, MLD expiratory over inspiratory ratio 
(MLD E/I), the EI change of percent voxels between –850 and –950 
HU on paired expiratory and inspiratory scans (EI –850/–950  expira-
tory-inspiratory E-I) (%), and the percentage change of EI –850  on 
paired expiratory and inspiratory scans (EI –850  E-I) (%).

  Next, we used the software VIDA Appollo Version 1.2 to con-
duct 3D quantitative measurements of the airways  [17–20] . We 
used the software to reconstruct the tree structure of the airways 
from generation 0–7 of the bronchi. At this step, we obtained the 
cross-sectional area of the bronchi. We selected one apical and two 
basal segmental airways, the apical segmental bronchus of the right 
upper lobe (RB1), the posterior basal segmental bronchus of the 
right lower lobe (RB10), and the posterior basal segmental bron-
chus of the left lower lobe (LB10) as the target bronchial tubes for 
detailed analysis. We measured their lumen area (LA) and wall 
area (WA), and L of the 3rd-generation bronchi; wall volume 
(WV) is WA × L. We calculated LV of each bronchus as area mul-
tiplied by length. We applied the body surface area (BSA) method 
to adjust the calculation to reduce the effect of each subject’s height 
and weight on the above measurements. We measured the lumen 
perimeter (Pi) on three different segments of bronchi and calcu-
lated the average of the three measurements. Pi10 (square root of 
the airway wall area at Pi of 10 mm) is defined as the airways with 
a Pi of 10 mm.

  Pulmonary Function Tests 
 All the subjects underwent PFTs at 1 week after the CT exami-

nation. We used Cosmed Quark PFT (Cosmed, Rome, Italy) and 
Sensor Medics Vmax 229 (Sensor Medics Co., Yorba Linda, CA, 
USA) to measure the pulmonary functions of the subjects. PFTs 
were performed on all the subjects before and after bronchodilator 
(salbutamol 400 μg) administration via a spacer. We measured the 
total lung capacity (TLC), residual volume (RV), RV/TLC (%), 
forced expiratory volume in the first second/forced vital capacity 
(FEV1/FVC) (%), FEV1 (%pred), FVC (%pred), peak expiratory 
flow (%pred), maximal mid-expiratory flow (%pred), forced expi-
ratory flow (FEF) 25%  (%pred), FEF 50%  (%pred), post-bronchodila-
tor FEV1 (%pred), and post-bronchodilator FEV1/FVC (%).

  Statistical Analysis 
 All quantitative analyses are presented as mean ± standard de-

viation. In comparing groups, if the data were determined to have 
a normal distribution with equal variations, analysis of variance 
was used. Otherwise, we used the Kruskal-Wallis  H  test with Bon-

ferroni correction. For data subject to frequency distribution anal-
ysis, if the number of theoretical frequency T<5 was less than one-
fifth of the total number of classes, the χ 2  test was used. When the 
number of T<5 was greater than one-fifth of the total number of 
classes, the Fisher exact test was used. SPSS 22.0 and GraphPad 
Prism 6.01 were used for all analyses.  p  < 0.05 indicated statistical 
significance.

  Results 

 Differences in PFT among COPD and Asthma 
Patients 
 Quantitative PFT data were collected from 52 asthma 

and 69 COPD patients ( Table 2 ). Statistical analysis shows 
that asthma patients had significantly higher FEV1/FVC 
(%) and FEF 50%  (%) than the COPD patients ( p  < 0.05). 
However, asthma patients had significantly lower RV/
TLC (%) than COPD patients ( p  < 0.001). For any other 
parameters, there were no statistically significant differ-
ences.

  CT Differences in Lung Parenchyma among Healthy 
Control, COPD, and Asthma Patients 
 The quantitative analyses of CT results from the lung 

parenchyma for the groups of healthy subjects, COPD, 
and asthma patients are shown in  Table 3 . Statistically sig-
nificant differences of four parameters were observed 
among the three groups: EI –950  (%) of the inspiratory 
phase, LV and MLD of the expiratory phase, and the ex-
piratory EI –850  (%) in air trapping measurement. The 
COPD group had significantly higher readings than the 

 Table 2. Comparison of PFT measurements for asthma patients 
and COPD patients

Asthma (n = 52) COPD (n = 69) p value

FEV1, %pred 61.67 ± 22.80 61.52 ± 27.63 0.99
FVC, %pred 90.14 ± 14.02 89.34 ± 22.06 0.11
FEV1/FVC, % 56.02 ± 16.42 51.01 ± 14.64 0.001
FEF25%, %pred 27.75 ± 30.35 26.31 ± 14.71 0.18
FEF50%, %pred 31.68 ± 27.08 26.76 ± 18.33 0.012
MMEF, %pred 28.15 ± 26.31 25.47 ± 15.82 0.06
PEF, %pred 59.45 ± 26.22 64.38 ± 29.86 0.37
RV, %pred 148.99 ± 49.22 152.49 ± 47.78 0.72
TLC, %pred 105.54 ± 14.24 110.33 ± 14.83 0.11
RV/TLC, %pred 91.57 ± 54.17 135.74 ± 32.11 <0.001

MMEF, maximal mid-expiratory flow; PEF, peak expiratory 
flow.
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asthma group, which, in turn, were significantly higher 
than the control group. Pairwise comparison shows that 
in the inspiratory phase the COPD group had higher LV, 
MLD, and EI –850  (%) than the asthma and control groups, 
though there was no statistically significant difference be-
tween the asthma and control groups. The COPD group 
had a significantly higher EI –950  (%) than the asthma 
group ( p  = 0.008); both the COPD and asthma groups had 
significantly higher EI –950  (%) than the control group 
( p  < 0.001, COPD;  p  = 0.02, asthma). The resulting re-
ceiver operating characteristic (ROC) curve of EI –950  (%) 

of the inspiratory phase is shown in  Figure 1 . The area 
under the curve (AUC) was 0.889.

  In the expiratory phase, the COPD group had signifi-
cantly larger LV than the asthma group ( p  = 0.008). Both 
the COPD and asthma groups had significantly larger LV 
than the control group ( p  < 0.001, COPD;  p  = 0.001, asth-
ma). The COPD group had significantly lower MLD than 
the asthma group ( p  < 0.001) and both the COPD and 
asthma groups had significantly lower MLDs than the 
control group ( p  < 0.001).  Figure 2  plots the ROC curves 
of using LV and MLD that differentiates between the 

 Table 3. Comparison of quantitative CT of lung parenchyma among the healthy control, COPD patients, and 
asthma patients

Asthma (n = 52) COPD (n = 69) Control (n = 20) p value

Inspiratory phase
LV 4.85 ± 1.01 5.65 ± 0.88 4.75 ± 1.23 <0.001#, &

MLD, Hu –858.45 ± 42.72 –901.96 ± 28.57 –843.32 ± 31.85 <0.001#, &

EI–850, % 77.50 ± 9.34 69.90 ± 13.95 65.46 ± 15.74 <0.001#, &

EI–950, % 10.67 ± 16.63 43.84 ± 12.64 1.84 ± 1.90 <0.001*, #, &

Expiratory phase
LV 2.79 ± 0.81 3.25 ± 0.74 2.07 ± 0.68 <0.001*, #, &

MLD, Hu –750.22 ± 57.09 –811.91 ± 50.00 –675.88 ± 60.05 <0.001*, #, &

EI–950, % 2.57 ± 8.31 22.48 ± 12.53 0.08 ± 0.19 <0.001#, &

Air trapping
Expiratory EI–850, % 24.22 ± 20.64 51.91 ± 14.51 7.92 ± 13.31 <0.001*, #, &

MLD E/I 0.88 ± 0.06 0.90 ± 0.04 0.80 ± 0.08 <0.001*, #* p < 0.05 indicates SD between the control and asthma groups. # p < 0.05 indicates SD between the control 
and COPD groups. & p < 0.05 indicates SD between the COPD and asthma groups.
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  Fig. 1.  ROC curve shows the performance 
of using EI –950  (%) in the inspiratory phase 
to differentiate between COPD and asth-
ma. AUC was 0.889 and cutoff was 6.05%. 

  Fig. 2.   a  ROC curve of LV in the expiratory phase to differentiate between COPD and 
asthma. AUC was 0.708 and cutoff was 2.89 L.  b  ROC curve of MLD in the expiratory 
phase to differentiate between COPD and asthma. AUC was 0.814 and cutoff was –795.60. 
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COPD and the asthma groups. The AUCs were 0.708 and 
0.814, respectively. The highest differentiation power was 
obtained when using EI –950  (%) in the expiratory phase to 
separate the COPD and asthma groups. The ROC curve of 
EI –950  (%) to differentiate between the COPD and asthma 
groups was shown in  Figure 3  and had an AUC of 0.955.

  In terms of air trapping, in the expiratory phase the 
COPD group had significantly higher EI –850  (%) than the 
asthma group ( p  < 0.001). Both the COPD and asthma 
groups had significantly higher EI –850  (%) than the con-
trol group.

  CT Differences in Proximal Airways among Healthy 
Subjects, COPD, and Asthma Patients 
 We analyzed CT results in measuring proximal air-

ways, RB1, RB10, and LB1, among the three groups ( Ta-
ble  4 ). There were statistically significant differences 
among the three groups in the RB1, RB10, and LB1 mea-
surements. Pairwise comparison showed that the asthma 
group had higher WA/BSA than the COPD group ( p  < 
0.001). The asthma also had lower LA/BSA than the 
COPD ( p  < 0.001) and the control group ( p  = 0.037). Sim-
ilarly, the asthma group had higher TA/BSA than the 
COPD ( p  < 0.001) and the control group ( p  = 0.001). In 
terms of WV/BSA, LV/BSA, and total volume/BSA, the 
asthma group had statistically significant differences rela-
tive to the COPD group ( p  values were 0.02, 0.002, and 
0.006, respectively). The asthma group had significantly 
higher WA%/WV% than both the COPD ( p  = 0.002) and 
the control group ( p  = 0.012). In terms of Pi10WA mea-
surement, the result of the asthma group was 17.82 ± 2.43 
mm 2 . The result of the COPD group was 16.10 ± 1.28 
mm 2  and that of the control group was 16.37 ± 1.42 mm 2 . 
Statistically, the asthma group had significantly higher 
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  Fig. 3.  ROC curve of EI –950  (%) in the expiratory phase. AUC was 
0.955. Cutoff was 5.77%.     

 Table 4. Comparison of CT measurements of proximal airways in inspiratory phase among the healthy control, 
COPD patients, and asthma patients

Asthma (n = 52) COPD (n = 69) Control (n = 20) p value

WA/BSA, mm2/m2 18.65 ± 3.39 21.19 ± 4.50 20.03 ± 3.39 0.001#

LA/BSA, mm2/m2 10.53 ± 3.16 13.15 ± 3.91 12.56 ± 3.04 <0.001*, #

TA/BSA, mm2/m2 29.18 ± 7.20 34.33 ± 8.18 36.22 ± 8.10 <0.001*, #

Length/BSA, mm/m2 8.06 ± 1.78 7.91 ± 2.04 7.29 ± 1.81 0.25
WV/BSA, mm3/m2 237.73 ± 64.03 264.19 ± 75.10 238.73 ± 59.86 0.017#

LV/BSA, mm3/m2 136.12 ± 43.68 161.77 ± 50.07 148.86 ± 42.13 0.002#

TV/BSA, mm3/m2 373.84 ± 102.77 425.97 ± 122.77 387.59 ± 99.94 0.006#

WA%/WV% 64.29 ± 3.61 62.42 ± 2.63 62.00 ± 2.99 0.001*, #* p < 0.05 indicates SD between the control and asthma groups. # p < 0.05 indicates SD between the COPD 
and asthma groups.
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  Fig. 4.  Pairwise comparisons between the COPD, asthma, and the 
control groups in Pi10WA.       
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Pi10WA than both the COPD ( p  < 0.001) and the control 
group ( p  = 0.008). The result of pairwise comparisons of 
the COPD, asthma, and the control groups in Pi10WA is 
shown in  Figure 4 , from which we can tell that there were 
statistically significant differences between any two 
groups in Pi10WA measurement. The ROC curves of LA/
BSA, WA%/WV%, and Pi10WA are plotted in  Figure 5 , 
in which the ROC curve of Pi10WA had, among the three, 
the highest AUC at 0.751.

  Discussion 

 Both COPD and asthma are disorders caused by small 
airways that have become restrained. Their diagnoses are 
usually based on the patient’s symptoms, risk factors, and 
the presence of inflammation. However, differentiation 
between the two conditions remains challenging. Investi-
gators have attempted to derive differentiating criteria 
based on causes, symptoms, saliva analysis, and pulmo-
nary function testing. Nevertheless, still in practice, it is 
difficult for clinicians to tell the two conditions apart. In 
addition, studies have found that as high as 43% of COPD 
patients also had asthma and at least 46% of asthma pa-
tients also have been diagnosed with COPD  [21] .

  In this study, we found that, in the inspiratory phase, 
COPD patients had significantly higher EI –950  (%) than 
the control and asthma groups, indicating that COPD pa-
tients had more obvious emphysema changes than the 
asthma patients and, similarly, that asthma patients had 

more obvious emphysema changes than the control 
group. These findings led us to conclude that there was 
more damage to the lung tissues in the COPD patients 
than in the asthma patients that then was resulting in 
more severe emphysema. This result is consistent with 
previous studies that show that emphysema is a more 
prominent phenotype in COPD patients  [22]  but less so 
for asthmatic patients  [23] . Our findings indicate that us-
ing inspiratory phase EI –950  (%) as a criterion can lead to 
successful differentiation between COPD and asthma. 
Specifically, EI –950  (%) had a sensitivity of 100%, a speci-
ficity of 72.5%, and AUC of 0.889. In the expiratory phase 
measurement, EI –950  (%), LV, and MLD may be further 
criteria to differentiate between COPD and asthma. For 
example, our analysis showed that the COPD group had 
significantly higher EI –950  (%), LV, and MLD than both 
the asthma and the control groups. Furthermore, air trap-
ping measurements revealed that, in the expiratory phase, 
the COPD patients had significantly higher EI –850  (%) 
than the asthma group which, in turn, had significantly 
higher EI –850  (%) than the control group. The COPD and 
asthma groups also had significantly higher MLD E/I 
than the control group, though there was no statistically 
significant difference between the two disease groups, in-
dicating that MLD E/I by itself may not be suitable as a 
means to differentiate between COPD and asthma.

  Previous CT studies have shown that there are differ-
ences in the characteristics of the airways between COPD 
and asthma patients  [24–26] . Our quantitative analysis of 
CT on proximal airways showed that the asthma group 
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  Fig. 5.  ROC curves show the performance of using LA/BSA (   a ), WA%/WV% ( b ), and Pi10WA ( c ) in proximal 
airway measurements to differentiate between COPD and asthma. The AUCs were 0.736, 0.711, and 0.751, re-
spectively. The cutoffs were 10.26 mm 2 /m 2 , 63.02%, and 16.33m 2 , respectively. 



 Chen/Zeng/Zhang/Chen/Xia/Wang/Xu/
Guan
 

Respiration 2017;94:366–374
DOI: 10.1159/000478531

372

had lower LA/BSA and TA/BSA but higher WA%/WV% 
and PI10WA than the control group, pointing to a re-
modeling of the proximal airways. However, there was no 
statistically significant difference in airway remodeling 
between the COPD and the control groups, indicating 
that there was no obvious airway remodeling in COPD. 
Similarly, we found that the asthma group had lower 
WA(WV)/BSA, LA(LV)/BSA, and TA(total volume)/
BSA, but higher WA%/WV% and Pi10WA than the 
COPD group, confirming findings by other investigators 
 [27]  that the airways of asthma patients tend to have 
smaller inner radii than those found in COPD patients 
 [28–30] . Pathophysiological analysis confirmed that the 
airways of asthma patients have thicker basement mem-
brane  [31]  and larger numbers of blood vessels  [25]  than 
COPD patients. Pairwise comparisons between the 
COPD and asthma groups in LA/BSA, WA%/WV%, and 
Pi10WA found that the AUCs of the three parameters are 
0.736, 0.711, and 0.751, respectively, meaning that the 
three parameters are approximately equal in the extent to 
which they differentiate between the two conditions.

  When we used PFTs to differentiate between the 
COPD and asthma groups, we found that, on the one 
hand, the FEV1/FVC (%) and FEF 50%  (%pred) of asthma 
patients were significantly larger than those of COPD pa-
tients, indicating that there was less restraining in the air 
flow in the asthma patients. The asthma group, on the 
other hand, had significantly lower RV/TLC (%pred) 
than the COPD group, indicating that the COPD patients 
had greater air trapping than the asthma patients. Overall, 
these PFT results are consistent with those shown by CT. 
When comparing across the AUCs given by the three PFT 
parameters (FEV1/FVC (%), FEF 50%  (%pred), RV/RLC 
(%pred)) of PFT and the three CT parameters (LA/BSA, 
WA%/WV%, Pi10WA), RV/TLC (%pred) had the largest 
AUC of 0.760 while the other two PFT parameters had 
lower AUCs. Hence, the AUCs of the CT parameters were 
more consistent and, overall, were higher than the AUCs 
of the PFTs, pointing to high efficacy when using CT to 
differentiate between COPD and asthma.

  In our study, we observed that, in terms of baseline 
measurement, COPD tends to occur in males at an old 
age as there were 68 males and 1 female in the COPD pa-
tient cohort when recruitment was done for this study. 
This occurrence may be likely due to the fact that there 
are more male smokers than female smokers in the local 
population that our institution usually serves in practice. 
The average age of the COPD group was 65, which was 
older than the asthma group. In terms of BMI, the COPD 
group had a smaller BMI than both the asthma and con-

trol groups, which was an observation that is consistent 
with other investigators’ findings  [32] . Our deduction is 
that, on the one hand, as a chronic condition, COPD 
tends to affect older people. On the other hand, however, 
at stages I and II, COPD patients do not experience obvi-
ous deterioration of lung functions and, therefore, do not 
tend to seek medical intervention. When COPD patients 
start to have symptoms later on, they are often at an old-
er age. In comparison, asthma tends to occur in people 
across a large range of ages and these patients generally 
experience clear symptoms and then tend to seek medical 
intervention promptly, making this group younger on av-
erage than the COPD group. The difference between the 
COPD and the asthma groups in BMI evaluation is likely 
due to the fact that air trapping in asthma patients is re-
versible, so when medication is administered promptly, 
patients do not undergo prolonged periods of oxygen 
shortage and are subsequently less affected physically by 
the disease. Larger experiments are necessary to examine 
the underlying demographic factors that affect the onset 
of COPD and asthma.

  The contribution of this study is the demonstration 
that CT, through its quantification results, can provide a 
rich set of parameters for differentiating between COPD 
and asthma. The parameters are based on both lung pa-
renchyma and airways for different measurements, and, 
therefore, can be further investigated so as to design ro-
bust set criteria for an accurate differential diagnosis of 
COPD and asthma.

  A potential limitation of our study is that it is primar-
ily based on the quantification of CT images of subjects 
who had been diagnosed with COPD or asthma but not 
inflammation. In practice, CT images may not be specific 
in determining whether changes in airways are due to re-
modeling caused by asthma or inflammation  [33] . In or-
der to enable the deriving of a robust interpretation of CT 
images in such cases, medical and family history and cur-
rent treatment  [34]  as well as reversibility by bronchodi-
lators  [35]  should be included in the diagnostic process. 
When we combine quantitative measurements with qual-
itative evaluations of the lungs by high-resolution CT, we 
can expect to achieve higher accuracy not only in differ-
entiating between COPD and asthma  [36]  but also in clas-
sifying their respective subtypes  [37] . In the current study, 
we did not categorize COPD and asthma patients into 
their respective subtypes; however, with a large data set, 
it will be highly beneficial to make more detailed com-
parisons between the two diseases based on their CT bio-
markers to guide clinical practice. In this study, we treat-
ed all the COPD patients as one cohort and all the asthma 
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patients as another cohort for comparison to identify the 
most common CT biomarkers to differentiate between 
the two diseases. However, it is beneficial to further inves-
tigate how specific types of COPD and asthma patients 
may compare against each other from an imaging per-
spective. We will expand our studies in the future to in-
vestigate this problem.

  In summary, this study demonstrates that CT can be a 
valuable technique to aid the accurate diagnosis of and 
differentiation between COPD and asthma. When com-
bined with PFTs, we can expect an even higher sensitivity 
in differentiating between the two diseases. Quantitative 
modeling and analysis of CT scans of the lungs are quick-
ly advancing our applications of CT to monitor the course 
of lung diseases and assess their prognoses  [3, 20, 38] . 
Computer-aided analysis can also be used to reach quick 
and objective results in practice  [18, 39, 40] . The accurate 

and prompt diagnosis of COPD and asthma can allow 
clinicians to better treat and manage the large popula-
tions of patients with these diseases.
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