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ABSTRACT   

Chronic obstructive pulmonary disease (COPD) is predicted to become the third leading cause of death worldwide by 2030. 

Smoking is a well-known risk factor in the development of COPD. Association between COPD genes and smoking have 

been studied. This paper presents an association analysis of single nucleotide polymorphisms (SNPs) with a CT image-

based phenotype of emphysema progression in heavy smokers. The emphysema progression was quantitatively represented 

by the annual increment of low attenuation volume (LAV) on CT scans for five years. 10 candidate SNPs were selected 

from 316 SNPs in 125 papers of genetic studies of COPD and lung cancer. The genotypes were determined by real-time 

polymerase chain reaction (PCR) using deoxyribonucleic acid (DNA) extracted from saliva samples. The association 

analysis was performed by Fisher's exact test and logistic regression analysis. This method was applied to a dataset with 

144 participants (71 smokers, 61 past smokers, and 12 non-smokers). The results showed that the genotypes of rs3923564 

and rs13180 SNPs were candidate SNPs associated with the CT image based-emphysema progression.   
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1. INTRODUCTION  

Chronic obstructive pulmonary disease (COPD) is a major public health problem that is predicted to become the third 

leading cause of death worldwide by 2030 [1]. Smoking is a well-known risk factor in the development of COPD [2]. 

Association between COPD genes and smoking have been studied [3]. Our previous studies presented a quantitative 

assessment method of emphysema progression from low-dose CT images [4][5]. This paper presents an association 

analysis of single nucleotide polymorphisms (SNPs) with a CT image-based phenotype of emphysema progression in 

heavy smokers. The procedure of this association analysis is as follows; (1) thoracic organs and low attenuation volume 

(LAV) segmentation from low-dose CT images, (2) data selection using CT image-based features, (3) evaluation of CT 

image-based phenotype of emphysema progression, and (4) association analysis of SNPs with emphysema progression. 

2. MATERIALS AND METHODS 

2.1 CT scan, saliva sample collection, and DNA extraction 

This study used a low-dose CT dataset which was collected in Tokyo health service association. The collection and analysis 

of data were approved by the Institutional Review Board. The scans which were acquired from 2002 to 2009. The 

participants were 71 smokers, 61 past smokers, and 12 non-smokers. CT dataset was acquired on Aquilion scanner with 

30 mA at 120 kVp, plane resolution: 0.625 or 0.781 mm, reconstruction matrix: 512 x 512, slice thickness: 2.0 mm, 

convolution kernel: FC01, and reconstruction interval: 1.0 mm. Saliva samples were collected by using Oragene saliva 

collection kit (OG-500, DNA Genotek Inc., Canada) from the participants of the dataset. DNA was extracted from saliva 

samples using the prepIT.L2P (PT-L2P-5, DNA Genotek Inc.) and precipitated with ethanol according to manufacturer’s 

instructions. All of the participants were Japanese. 
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2.2 Thoracic organs and low attenuation volume (LAV) segmentation from low-dose CT images 

The thoracic organs (body tissue, bone, trachea and bronchi, lungs, pulmonary blood vessels, mediastinum, thoracic wall) 

were automatically segmented on the basis of the intensity and anatomical features [6]-[8]. The loss of lung tissue 

associated with emphysema is represented by low attenuation volume (LAV) in CT images. In this study, the LAV 

percentage (LAV%) was defined as percentage of voxels which has CT value below -950 HU [9][10]. The segmentation 

results of LAV for two smokers who have over 40.0 pack-years were shown in Figure 1. The LAV% of a smoker had 

increased to 8.5 % from 6.0 % for 2.5 years as shown in (a) and (b) in Figure 1. On the other smoker, the LAV% had 

increased to 0.5 % from 0.3 % for 5.5 years as shown in (c) and (d) in Figure 1.  

2.3 Data selection using CT image-based features 

While the CT images are generally obtained during deep inspiration breath-hold, the LAV% extracted by the thresholding 

is fluctuated according to the inspiration level. To reduce the fluctuation, data selection was performed on the basis of the 

following three variables: lung volume, peak CT value of lungs, and LAV%. 

1) Data selection using total lung volume: Average of total lung volume 𝑇𝐿𝑉̅̅ ̅̅ ̅ for a participant was calculated using lung 

volumes segmented from each scan. To exclude the scans with lower or higher inspiration level, threshold values for 

lung volume were set to 𝑇𝐿𝑉̅̅ ̅̅ ̅ ± 3%.  

2) Data selection using peak CT value of lungs: While the scans were selected using lung volume, there were difference 

in CT value histograms of lungs. Through excluding these scans, the standard deviation of peak CT value of lungs 

was adjusted to less than 5 HU. 

Figure 1. Segmentation results of LAV for two smokers who have over 40 pack-years. The LAV% of a smoker (a)(b) 

increased rapidly for 2.5 years. On the other smoker (c)(d), the LAV% have increased slightly for 5.5 years.  
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(c) (d)
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3) Data selection using LAV%: We assumed that the LAV% of an emphysema patient increase linearly with progression 

of the disease. The association of LAV% with follow-up time was represented by linear regression model. The outlier 

scans against to the linear regression model were excluded, and the residual variance was adjusted to less than 0.4.  

If the number of scans was less than three time by above selections, these participants were excluded. Through this 

procedure, 99 participants were selected. The participant characteristics were shown in Table 1. The association analysis 

of SNPs with emphysema progression was performed using scans of the current and past smokers. 

2.4 Evaluation of CT image-based phenotype of emphysema progression 

The emphysema progression was quantified by linear regression of LAV% and follow-up time [5]. The slope means the 

annual increment of LAV%. We employed the annual increment of LAV% as CT image-based emphysema progression. 

The current and past smokers were classified into high- and low-risk groups of emphysema progression using the annual 

increment of LAV%. The threshold value was experimentally set to 0.3 %/year. 

2.5 Association analysis of SNPs with emphysema progression  

10 candidate SNPs were selected from 316 SNPs in 125 papers of genetic studies for COPD and lung cancer; rs7733088 

in HTR4 [11], rs7671167 in FAM13A [12], rs13118928 in HHIP [13], rs13180 in IREB2 [14], rs3923564 in SFTPD [15], 

rs7937 in EGLN2 [16], rs2736100 in TERT [17], rs401681 in CLPTM1L [18], rs1333040 in CDKN2B-AS1 [19], and 

rs10849605 in RAD52 [20]. The selection procedure is as follows. In the first step, 103 papers (256 SNPs) with impact 

factor over 3.0 were selected. In the second step, 109 SNPs with minor allele frequency for Japanese over 0.3 were selected. 

In the third step, 87 SNPs were selected on the basis of the linkage disequilibrium. The minor allele frequency and the 

linkage disequilibrium were confirmed by referring Ensembl database [21]. Finally, the selection was performed in 

accordance with the comments of a researcher of human genetics. SNP genotyping was performed using TaqMan SNP 

Genotyping Assays [22]. The genotypes were determined by real-time polymerase chain reaction (PCR) using DNA 

extracted from saliva samples. The associations of the genotypes of 10 SNPs with the CT image-based emphysema 

progression were statistically assessed by Fisher's exact test and logistic regression analysis. 

3. RESULTS 

The measurement results of the annual increment of LAV% are shown in Figure 2. Fisher’s exact test results are shown in 

Table 3. The lowest p-value was observed in the frequency of genotype at rs3923564 (p-value=0.030). The results of the 

logistic regression analysis were shown in Table 4. The lowest p-values were observed in genetic models at rs13180 (p-

values=0.028) and rs3923564 (p-values=0.016). High odds ratio over 3.0 was observed at rs13180. The results showed 

that the emphysema progressions of the smokers with AG or GG genotypes at rs3923564 were slow, and the emphysema 

progressions of the smokers with TT genotype at rs13180 were rapid.  

Table 1.  Participant characteristics 

Nonsmokers Past smokers Current smokers

The number of participants 6 43 50

Age[year] 68.5±12.8 66.9±8.3 64.5±7.8

Smoking[year] - 37.4±9.5 44.6±8.3

Pack-year - 60.7±19.5 66.6±31.0

Smoking cessation[year] - 9.9±8.2 -

Follow-up[year] 4.4±1.7 4.3±1.3 3.5±1.6

The number of scan 

for a participant
5.7±1.0 5.2±1.6 5.2±1.8
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4. CONCLUSIONS 

This paper presented an association analysis of SNPs with a CT image-based phenotype of emphysema progression in 

heavy smokers. The results showed two candidate SNPs associated with CT image-based emphysema progression in heavy 

smokers; rs3923564 in SFTPD and rs13180 in IREB2. 
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