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Abstract: Quantitative computed tomography (CT) measures of emphysema have been 

shown to be associated with increased mortality in humans, but genetic variants affecting the 

quantitative parameters of chest CT that measure degree of emphysema have not yet been 

examined. In this study, using available chest CT data from a total of 344 emphysema patients, 

we assessed the correlations between five chronic obstructive pulmonary disease (COPD) 

susceptibility variants in the cholinergic receptor nicotinic (CHRN) genes and the degree 

of emphysema and chest CT manifestations. We verified that most of the parameters were 

significantly correlated with the degree of emphysema. Compared to rs76071148AA and TT 

genotype carriers, the rs76071148AT genotype carriers exhibited a decreased probability of 

having severe emphysema (odds ratio [OR] =0.63, 95% confidence interval [CI] =0.40–0.99),  

whereas the variant rs8040868C allele was negatively correlated with the emphysema index 

(P=0.002). Interestingly, further stratification analysis grouped by spirometry-diagnosed COPD 

status revealed that the variant rs8040868C (CT + CC) genotypes exerted a protective effect 

against severe emphysema with borderline significance (OR =0.41, 95% CI =0.16–1.05) and 

affected the mean lung density, emphysema index, ratio of airway wall thickness to airway 

dimensions (AWT/AD), and AWT grade in spirometry-diagnosed non-COPD subjects. The 

rs76071148 variant was also significantly associated with AWT/AD and AWT grade in those 

individuals. In summary, we determined that rs8040868 and rs76071148 are promising indicators 

of the degree of emphysema and chest CT manifestations, especially in spirometry-diagnosed 

non-COPD subjects.

Keywords: COPD, CHRN variant, CT manifestation, emphysema

Introduction
Chronic obstructive pulmonary disease (COPD) is a common public health problem 

characterized by persistent airflow limitation that is usually progressive. Part of the 

airflow limitation is directly attributed to emphysema.1 Emphysema is characterized by 

the destruction of the lung parenchyma by inflammatory processes, oxidative stress, and 

apoptosis, which can lead to the loss of alveolar attachments to the small airways and 

decreased lung elastic recoil. Normally, airflow limitation is measured by spirometry. 

However, spirometry fails to discriminate bronchial obstruction in a small number of 

patients with emphysema. Lutchmedial et al reported that spirometry failed to detect 

0.4% of patients with clinical COPD who exhibited significant emphysema on chest 

computed tomography (CT) scans.2 Chest CT offers an anatomic picture of COPD, 
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enabling the discrimination of the state of emphysema. 

Moreover, CT-measured emphysema is a strong independent 

predictor of mortality in humans.3

Differential susceptibility to COPD development is 

suggested by the fact that siblings of patients with severe 

COPD exhibit a significant risk of airflow obstruction.4 

This differential susceptibility has been suggested to be 

due in part to genetic variants in genes that are correlated 

with the pathogenesis of COPD.5–8 The cholinergic receptor 

nicotinic (CHRN) genes, including alpha 3 (CHRNA3), beta 

4 (CHRNB4), and alpha 5 (CHRNA5), are located on 15q25 

and are the most recognized susceptibility genes for COPD.9 

The genetic variants of the CHRN genes are well-established 

to be associated with COPD and lung function traits by 

spirometry in multiple ethnicities across different studies.10–12 

In our previous studies, we also identified an exon variant in 

CHRNA3–CHRNB4–CHRNA5 that was significantly associ-

ated with COPD risk in Chinese patients.13,14 However, few 

studies have investigated the effect of these variants on CT-

measured emphysema in Chinese populations.

CT-measured emphysema is associated with severe lung 

function impairment. Moreover, the presence of emphysema 

is correlated with a low body mass index (BMI), reduced 

diffusion capacity and an increased risk of lung cancer. To 

date, only studies conducted in Western countries have shown 

that these CHRN variants are associated with emphysema.15–18 

Thus, validating the association in other ethnicities is 

paramount. Moreover, the effects of these CHRN variants 

on CT-measured parameters remain unknown.

In this study, using available quantitative CT data from 

a total of 344 emphysema patients, we aimed to investigate 

the associations between five genetic variants of the CHRN 

genes and the degree of emphysema. We also analyzed the 

effects of these variants and their interactions with smoking 

on a series of chest CT manifestations, including mean lung 

density (MLD), percentage of low attenuation area volume 

(LAA%), emphysema volume (EV), emphysema index (EI), 

airway wall thickness (AWT), the ratio of airway wall 

thickness with airway dimensions (AWT/AD), and AWT 

grade. The associations were further subjected to stratifi-

cation analysis with regard to the spirometry-diagnosed 

COPD condition.

Materials and methods
study subjects
In this cross-sectional study, we randomly recruited 344 

emphysema participants from the First Affiliated Hospital 

of Guangzhou Medical University and Guangzhou First 

People’s Hospital, Guangzhou Medical University between 

February 2012 and September 2013. Each patient was asked 

to donate a 5-mL blood sample and was interviewed with a 

questionnaire to collect data on sex and smoking status. All 

measurements of pulmonary function were performed using 

portable spirometers (Micro Medical Ltd, Chatham, Kent, 

UK) according to the guidelines of the American Thoracic 

Society.19 The predicted forced expiratory volume in 1 s 

(FEV
1
) was based on the reference value of the European 

Coal and Steel Community with adjustment for the Chinese 

population (males 0.95 and females 0.93). The presence of 

bronchial obstruction was defined by a post-bronchodilator 

FEV
1
/forced vital capacity (FVC) ratio 0.70. All par-

ticipants signed written informed consent forms prior to 

participation in the study. We failed to collect data on 

pack-years because a significant proportion of the studied 

sample could not accurately quantify previous tobacco use. 

The study was approved by the medical ethics committee 

of the Guangzhou Institute of Respiratory Diseases and 

the medical ethics committee of the Guangzhou First 

People’s Hospital, Guangzhou Medical University on 

2 November 2013.

Measurement of emphysema
In the cross-sectional study, the subjects underwent a chest 

high-resolution CT scan by a 320-slice spiral CT scanner 

(Toshiba Medical Systems, Otawara, Japan) at full inspiration. 

Two blinded radiologists independently reviewed each CT 

scan. The extent of radiographic emphysema was quanti-

tatively assessed by a computer-aided diagnosis (Newsoft 

Medical Systems Co., Ltd., Shengyang, China). In addition, 

the chest CT manifestations were scored, including the MLD, 

EV, and EI. The extent of emphysema was estimated using 

the LAA% (the percent of voxels with an apparent X-ray 

attenuation value below −950 HU). Emphysema was reported 

as mild, moderate, or severe if the LAA% was 5%–25%, 

25%–50%, or 50% of the lung, respectively. Thickening 

of the bronchial airway walls was quantitatively scored 

by Apollo Pulmonary Evaluation Software (ver2.0, VIDA 

Diagnostics, Coralville, IA, USA). The extent of airway 

wall thickening was quantitatively measured in the fourth 

generations of the apical segment of the right upper lobe.20 

The airway external diameter (D) and lumen diameter (L) 

were measured. The AWT was defined as follows: AWT =  
(D−L)/2. The AWT/AD and AWT grade were analyzed.

genotyping
Genomic DNA was extracted from the blood samples. 

The sample’s genotyping and quality control procedures 

have been described previously.13,14 Briefly, five single 
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nucleotide polymorphisms (SNPs) (rs1051730CT and 

rs8040868AG of CHRNA3, rs56218866AG of CHRNB4 

and rs16969968GA and rs76071148TA of CHRNA5) 

were selected as described in our previous study. The samples 

were genotyped by high-resolution melt curve analysis and 

direct sequencing.

statistical analysis
Differences in the characteristics, chest CT parameters 

and pulmonary function between groups stratified by the 

degree of emphysema and spirometry-diagnosed COPD 

status were assessed using one-way analysis of variance 

for measurement data and the χ2 test for enumeration data. 

Associations between the CHRN variants and emphysema 

severity were tested using a logistic regression model with 

age, sex, smoking status, and BMI as covariables. We used 

the Spearman’s Rank Correlation test to assess associations 

between these 5 SNPs. Chest CT manifestations were ana-

lyzed as continuous variables. The generalized linear model 

(GLM) was used to evaluate the correlations between CHRN 

variants and chest CT manifestations with variants as pre-

dictors, CT data as outcomes, and age, sex, BMI, smoking 

status, and degree of emphysema as adjusted variables based 

on the additive model. The possible “gene–gene” or “gene–

environment” interactions were assessed using generalized 

multifactor dimensionality reduction (GMDR) software.21 

SAS software (version 9.4; SAS Institute, Cary, NC, USA) 

was applied to perform the above analyses, and a P-value 

of 0.05 was considered statistically significant.

Results
The selected characteristics and chest CT parameters strati-

fied by the degree of emphysema are presented in Table 1. 

The factors sex, age, smoking status, spirometry-diagnosed 

COPD, post-FVC, post-FEV
1
/FVC, MLD, EV, LAA%, EI, 

AWT, and AWT grade, but not post-FEV
1
 and AWT/AD, 

differed significantly between subjects with different degrees 

of emphysema, which is consistent with the clinical features 

driven by emphysema. Moreover, it is worth noting that the 

spirometry test is more inclined to fail in discriminating 

COPD patients with severe emphysema from those with 

mild or moderate emphysema (P0.001). In addition, there 

were some non-smoking patients, suggesting the presence 

of other exposures causing emphysema in Chinese patients, 

such as air pollution.

We first assessed the associations between CHRN variants 

and the degree of emphysema in all subjects. As shown in 

Table 2, although no significant differences were observed 

in the distribution of phenotype frequency for each variant 

between subjects with different degrees of emphysema, 

we detected an association approaching statistical signifi-

cance between the rs76071148AT genotype and the risk of 

emphysema with an odds ratio (OR) of 0.66 (95% confidence 

interval [CI] =0.68–1.06; P=0.084). We then applied all pos-

sible genetic models for associations between each variant 

and the degree of emphysema. Because Akaike’s information 

criterion value was the smallest, the rs76071148 variant best 

fit the heterozygous model, in which AT genotype carriers 

exhibited a lower probability of having severe emphysema 

Table 1 Distributions of the select characteristics and chest CT parameters with regard to degree of emphysema

Variables Degree of emphysemaa P-valueb

Mild (n) Moderate (n) Severe (n)

Total no 68 86 190
sex M/F (66/2) M/F (74/12) M/F (131/59) 0.001
age (years) 65.10±7.67 (68) 68.24±8.93 (86) 71.97±10.30 (190) 0.001
BMI 21.36±3.16 (68) 21.30±3.55 (86) 22.89±3.76 (190) 0.001
smoke Y/n (64/4) Y/N (81/5) Y/n (141/49) 0.001
spirometry-diagnosed COPD Y/N (58/10) Y/n (70/16) Y/n (113/77) 0.001
Post-FeV1 1.65±0.75 (68) 1.50±0.78 (86) 1.42±0.71 (190) 0.091
Post-FVC 2.94±0.81 (68) 2.55±0.93 (86) 2.15±0.86 (190) 0.001
Post-FeV1/FVC 0.54±0.15 (68) 0.57±0.16 (86) 0.65±0.14 (190) 0.001
MlD 0.08±0.02 (68) 0.12±0.02 (86) 0.21±0.05 (188) 0.001
laa% 64.77±9.30 (68) 36.54±6.66 (86) 7.020±8.03 (189) 0.001
eV 3,710.93±891.97 (68) 1,787.51±502.98 (86) 291.91±361.51 (154) 0.001
eI 5.84±0.55 (68) 7.36±0.60 (86) 3.17±3.21 (189) 0.001
aWT 1.42±0.45 (59) 1.28±0.50 (74) 1.20±0.48 (168) 0.009
aWT/aD 37.13±7.36 (57) 35.28±9.33 (69) 33.21±13.66 (162) 0.077
grading of aWT 0/1/2 (7/48/2) 0/1/2 (18/48/3) 0/1/2 (65/87/10) 0.001

Notes: aa small portion of data was missing for certain parameters. bThe one-way anOVa test and χ2 test were used to assess the P-value. Data presented as mean ± 
standard deviation unless otherwise specified.
Abbreviations: aD, airway dimension; anOVa, analysis of variance; aWT, airway wall thickness; BMI, body mass index; COPD, chronic obstructive pulmonary disease; 
CT, computed tomography; eI, emphysema index; eV, emphysema volume; FeV1, forced expiratory volume in one second; FVC, forced vital capacity; laa%, low attenuation 
areas volume percentage; M/F, male/female; MlD, mean lung density; Y/n, yes/no.
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than the combination of the rs76071148AA and TT geno-

type carriers (OR =0.63, 95% CI =0.40–0.99; P=0.047), 

which exerted a heterozygous advantage. However, no 

other association was observed under any assumed models 

for each variant (data not shown). In a further stratification 

analysis grouped by spirometry-diagnosed COPD status as 

shown in Table S1, we observed that in spirometry-diagnosed 

non-COPD subjects, the rs8040868C (CT + CC) genotypes 

conferred a protective effect against severe emphysema under 

a dominant genetic model (OR =0.41; 95% CI =0.16–1.05; 

P=0.063). In addition, although a significant difference was 

detected in the frequency distribution of the two completely 

linked variants rs16969968 and rs1051730 between indi-

viduals with different degrees of emphysema (P=0.049), no 

significant association was observed between the genotype 

and emphysema risk in spirometry-diagnosed non-COPD 

subjects. Furthermore, no other significant correlation was 

observed between these variants (data not shown).

We further tested the quantitative parameters of chest 

CT and CHRN genotype correlations in all subjects and 

those stratified by spirometry-diagnosed COPD sta-

tus using the GLM test. As shown in Table 3, only the 

rs8040868 variant was significantly associated with the EI 

in all subjects (P=0.002). The EI gradually decreased with 

the number of rs8040868C alleles (TT: 5.09±2.90, CT: 

4.64±3.01, CC: 4.10±3.12;  Figure 1A). The association 

remained significant when stratified by COPD status (in 

COPD: P=0.042; in controls: P=0.008; Figure 1B and C). 

However, no other significant association was observed 

for these variants and other CT parameters for all sub-

jects. More interestingly, several significant associations 

were found in spirometry-diagnosed non-COPD subjects 

that were not observed in spirometry-diagnosed COPD 

patients. The rs8040868 variant seemed to be a common 

genetic determinant of CT parameters with significant 

effects on the MLD (TT: 0.17±0.62, CT: 0.20±0.08, CC: 

0.20±0.07, P=0.029; Figure 1D), EI (TT: 4.19±3.54, 

CT: 2.49±3.18, CC: 2.66±3.32; P=0.008), and AWT/AD 

(TT: 31.74±11.58, CT: 38.90±9.35, CC: 36.42±11.58, 

P=0.004; Figure 1E). The rs76071148 variant was sig-

nificantly associated with the AWT/AD (TT: 33.99±12.85, 

AT: 34.64±9.08, AA: 35.51±9.08; P=0.036; Figure 1F). 

In addition, rs8040868 was also related to the LAA% 

(P=0.054) and EV (P=0.074), with a correlation approach-

ing statistical significance. We also assessed the association 

of these variants with AWT grade because the AWT affects 

mortality with increasing degrees of emphysema.3 The GLM 

revealed that the rs76071148 and rs8040868 variants were 

significantly associated with AWT grade (P=0.046 and 0.002, 

respectively) in spirometry-diagnosed non-COPD subjects.

As associations of the above variants with CT data 

differed between spirometry-diagnosed non-COPD and 

COPD individuals, we aimed to determine whether differ-

ences were present in those CT parameters and selected 

variables between the two groups. The results are presented 

in Table 4. Although the MLD, EV, LAA%, EI, and AWT 

significantly differed between the two groups (P0.05 for 

all), the AWT/AD (P=0.375) and AWT grade (P=0.625) 

Table 2 Distributions of CHRN variants and their associations with degree of emphysema

Variants Degree of emphysema P-valuea OR (95% CI)b

Mild n (%) Moderate n (%) Severe n (%)

Total subjects 68 86 190
rs76071148 0.199

TT 38 (55.9) 53 (61.6) 101 (53.2) 1.00 (ref)
aT 23 (33.8) 29 (33.7) 81 (42.6) 0.66 (0.42–1.06)
aa 7 (10.3) 4 (4.7) 8 (4.2) 1.74 (0.68–4.47)
aT vs TT + aa 0.63 (0.40–0.99)

rs8040868 0.393
TT 30 (19.1) 36 (41.9) 74 (39.0) 1.00 (ref)
CT 25 (36.8) 40 (46.5) 93 (48.9) 0.76 (0.47–1.22)
CC 13 (19.1) 10 (11.6) 23 (12.1) 1.14 (0.58–2.25)

rs56218866 0.312
TT 53 (77.9) 63 (73.3) 151 (79.5) 1.00 (ref)
CT 14 (20.6) 21 (24.4) 39 (20.5) 1.13 (0.67–1.91)
CC 1 (1.5) 2 (2.3) 0 (0.0) 3.15 (0.37–26.8)

rs16969968/rs1051730 0.336
gg 65 (95.6) 77 (89.5) 177 (93.2) 1.00 (ref)
ag 3 (4.4) 9 (10.5) 13 (6.8) 0.94 (0.41–2.14)

Notes: aThe two-sided χ2 test between difference groups. badjusted in a logistic regression model with age, sex, smoking status, and BMI as covariables.
Abbreviations: BMI, body mass index; CI, confidence interval; Ref, reference.
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did not significantly differ between the two variants in 

spirometry-diagnosed non-COPD cases, excluding the pos-

sibility of different associations generated by numerical 

differences. Interestingly, we observed significantly more 

females, fewer smokers and a higher BMI among subjects 

in the spirometry-diagnosed non-COPD group than in the 

COPD group, suggesting a possible “gene–environment” 

interaction that affected those CT parameters.

We then analyzed the possible “gene–gene” or “gene–

environment” interaction effects on the above quantitative 

CT parameters using the GMDR with age as a covariable. We 

found a significant interaction between the rs8040868 variant 

and smoking on the EI (P=0.010) in all subjects. In addi-

tion, the rs76071148 and rs8040868 variants and smoking 

interacted with each other, affecting the AWT/AD (P=0.011) 

and AWT grade (P=0.045) in spirometry-diagnosed non-

COPD subjects. However, no other significant interaction 

was observed.

Discussion
Our knowledge about the role of genetic variants in emphy-

sema and phenotypes of chest CT manifestations remains 

sorely lacking. In this study, based on a cross-sectional study 

with a total of 344 emphysema patients with available chest 

CT data, we analyzed the associations of five genetic vari-

ants of a well-known susceptibility gene family for COPD, 

CHRN, with emphysema phenotypes. We identified two 

novel associations between the rs76071148 variant and the 

severity of emphysema as well as an association between 

rs8040868 and the EI. Interestingly, the stratification analysis 

grouped by spirometry-diagnosed COPD status revealed 

that the two variants specially affected AWT/AD and AWT 

grade in spirometry-diagnosed non-COPD subjects but not 

in COPD subjects. To the best of our knowledge, this is the 

first study to investigate the association between CHRN 

variants and emphysema severity as well as chest CT data 

in Chinese patients.

To date, multiple association studies, especially genome-

wide association studies (GWAS), have discovered several 

genetic loci for emphysema and airway quantitative imaging 

phenotypes in different ethnicities.17,22,23 Accordantly, these 

previously reported loci for emphysema are also associated 

with COPD. In a GWAS conducted in non-Hispanic whites 

and African Americans, Boueiz et al verified the two pre-

viously reported associations of COPD susceptibility loci 

located at 15q25 near CHRNA5 with the distribution of 

emphysema at the genome-wide level.17 Another GWAS con-

ducted in non-Hispanic whites also revealed that the COPD T
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loci at 15q25 exhibited a genome-wide significant associa-

tion with visual features of chest CT scans.22 Unlike these 

studies, our study focused on the severity of emphysema, 

and we consistently demonstrated that the 15q25 variants 

for the susceptibility of COPD were nominally associated 

with the degree of emphysema and the EI. The rs76071148 

variant was found to be related to the severity of emphysema, 

whereas the rs8040868 variant was revealed to be correlated 

with the EI. The rs8040868 variant may also affect the LAA% 

and EV. Remarkably, both variants were highly correlated 

with the AWT/AD and AWT grade in spirometry-diagnosed 

non-COPD subjects, but not in COPD subjects. The “gene–

environment” interaction may explain the above differences 

between the two groups because the two variants can sig-

nificantly interact with smoking in affecting the AWT/AD 

and AWT grade; furthermore, smoking status significantly 

differed between the spirometry-diagnosed non-COPD and 

COPD subjects. However, considering the cross-sectional 

design of this study with unmatched controls, which could 

easily produce selection and confounding bias, these find-

ings may have resulted from chance. The study sample 

size was also small, especially in spirometry-diagnosed 

Figure 1 effect of the CHRN variants on chest CT manifestations.
Notes: The effect of rs8040868 on EI in total samples (A), in spirometry-diagnosed COPD subjects (B) and in spirometry-diagnosed non-COPD subjects (C); (D) the effect 
of rs8040868 on MLD in spirometry-diagnosed non-COPD subjects; (E) the effect of rs8040868 on AWT/AD in spirometry-diagnosed non-COPD subjects; (F) the effect 
of rs76071148 on AWT/AD in spirometry diagnosed non-COPD subjects. Columns, mean; bars, SD; the one-way ANOVA test was used to assess the differences in above 
lung functional traits between different genotypes.
Abbreviations: anOVa, analysis of variance; aWT/aD, airway wall thickness to airway dimensions; CT, computed tomography; COPD, chronic obstructive pulmonary 
disease; MlD, mean lung density; sD, standard deviation.

Table 4 Distributions of the select characteristics and chest CT 
parameters with regard to spirometry-diagnosed COPD status

Variables Spirometry-
diagnosed COPDa

Spirometry-
diagnosed 
non-COPDa

P-valueb

Total no 241 103
sex (n) M/F (208/33) M/F (63/40) 0.001
age (years) 70.01±9.41 (241) 68.81±10.84 (103) 0.283
BMI (kg/m2) 21.66±3.40 (238) 23.43±3.96 (103) 0.001
smoke (n) Y/n (210/31) Y/n (76/27) 0.003
MlD (g/cm3) 0.15±0.06 (240) 0.19±0.07 (102) 0.001
eV (g/cm3) 1,619.7±1,493.4 (240) 703.3±1,050.4 (103) 0.001
laa% 30.77±24.48 (240) 14.46±19.60 (103) 0.001
eI 5.39±2.58 (240) 3.26±3.43 (103) 0.001
aWT (mm) 1.22±0.51 (212) 1.37±0.42 (89) 0.012
aWT/aD 34.08±12.02 (200) 35.41±11.17 (88) 0.375
aWT grade 0/1/2 (66/124/5) 0/1/2 (24/59/5) 0.625
Post-FeV1 (l) 1.26±0.62 (241) 2.01±0.74 (103) 0.001
Post-FVC (l) 2.34±0.91 (241) 2.57±0.95 (103) 0.038
Post-FeV1/FVC 0.54±0.11 (241) 0.79±0.06 (103) 0.001

Notes: aa small portion of data was missing for certain parameters. bThe student’s 
t-test and χ2 test were used to assess the P-value. Data presented as mean ± standard 
deviation unless otherwise specified.
Abbreviations: aD, airway dimension; aWT, airway wall thickness; BMI, body 
mass index; COPD, chronic obstructive pulmonary disease; CT, computed 
tomography; eI, emphysema index; eV, emphysema volume; FeV1, forced expiratory 
volume in one second; FVC, forced vital capacity; laa%, low attenuation areas 
volume percentage; M/F, male/female; MlD, mean lung density; Y/n, yes/no.
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non-COPD subjects. Furthermore, none of the significant 

findings reached the significance level in multiple comparison 

analysis, which also suggests the possibility that our findings 

were achieved by chance. Nonetheless, the findings of this 

exploratory study will be of great importance in revealing 

genetic variants associated with emphysema and the pheno-

types of chest CT manifestations.

Although several genetic variants in CHRNA3/5, such 

as rs1051730 and rs16969968, have been well established 

to be associated with emphysema, COPD and lung cancer, 

our findings regarding the rs76071148 variant have not 

been previously reported.10,17,24,25 The rs8040868 variant was 

reported to have a significant effect on nicotine dependence in 

one study.26 However, its association with lung cancer risk is 

controversial.27,28 The rs76071148 variant is a missense variant 

that causes an amino acid change from histidine to glutamine at 

codon 462 of CHRNA5. Using SMART software (http://smart.

embl-heidelberg.de/), we found that this histidine to glutamine 

substitution creates novel domains for CHRNA5, suggest-

ing the biological plausibility of the variant. The rs8040868 

variant consists of a synonymous substitution at codon 53 

of CHRNA3. Functional prediction of this variant using the 

SNP info site (http://snpinfo.niehs.nih.gov/) demonstrated 

that this variant is located at the exonic splicing site, which 

may affect the process of alternative splicing in CHRNA3 

and lead to abnormal CHRNA3 expression or isoforms.29 

Consistently, the “genotype–eQLT phenotype” correlation 

with the GTEx database (http://www.gtexportal.org/home/

eqtls/) indicated a significant correlation between rs8040868 

and CHRNA3 expression in muscle tissues.30 The variant 

was also significantly correlated with CHRNA5 expression 

in various samples. Collectively, this evidence indicates that 

the two variants are functional and contribute to the severity 

of emphysema as well as CT imaging manifestations.

We failed to detect a clear association between rs1051730 

and rs16969968 and emphysema severity or quantitative 

chest CT parameters. Although the two variants have been 

demonstrated in several well-known GWAS to represent 

susceptible loci for emphysema, COPD and lung cancer 

in Caucasians, we did not observe a significant association 

between these variants and emphysema.10,17,24,25 This may 

be due to their rare frequency in Chinese patients, whereas 

they are common in Caucasian populations. Moreover, we 

failed to test an association between these variants and body 

plethysmography or diffusing capacity of the lung for carbon 

monoxide data because we lacked sufficient data.

The differences in individual characteristics and chest 

CT manifestations between the spirometry-diagnosed 

non-COPD and COPD subjects are meaningful because all 

patients were randomly recruited. The former are more likely 

to be females, non-smokers and to have a higher BMI and 

superior CT manifestations than the latter. Therefore, the 

spirometry-diagnosed non-COPD group is likely to be ignored 

in the diagnosis. As the rs76071148 and rs8040868 variants 

are likely to affect emphysema in spirometry-diagnosed 

non-COPD subjects, they represent promising biomarkers to 

evaluate emphysema risk in this allelomorphic population.

Conclusion
Overall, the conclusion of our study is that the rs76071148 

variant of CHRNA5 and the rs8040868 variant of CHRNA3 

are associated with the severity of emphysema and the EI, 

respectively. Furthermore, the effects of these factors on 

chest CT manifestations are unique in spirometry-diagnosed 

non-COPD subjects, suggesting their role as genetic predic-

tors of emphysema risk. Further validation in other popula-

tions is, therefore, warranted.
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Table S1 Distributions of CHRN variants and their associations with degree of emphysema stratified by spirometry-diagnosed 
COPD status

Variants Degree of emphysema P-valuea OR (95% CI)b

Mild n (%) Moderate n (%) Severe n (%)

spirometry-diagnosed COPD individuals 58 70 113
rs76071148 0.068

TT 32 (55.2) 42 (60.0) 64 (56.6) 1.00 (ref)
aT 19 (32.7) 24 (34.3) 47 (41.6) 0.67 (0.39–1.16)
aa 7 (12.1) 4 (5.7) 2 (1.8) 2.53 (0.81–7.93)
aT vs TT + aa 0.61 (0.36–1.04)

rs8040868 0.031
TT 24 (41.4) 26 (37.1) 45 (39.8) 1.00 (ref)
CT 21 (36.2) 37 (52.9) 60 (53.1) 0.76 (0.44–1.31)
CC 13 (22.4) 7 (10.0) 8 (7.1) 1.89 (0.82–4.35)

rs56218866 0.360
TT 45 (77.6) 48 (68.6) 87 (77.0) 1.00 (ref)
CT 12 (20.7) 20 (28.6) 26 (23.0) 0.98 (0.54–1.77)
CC 1 (1.7) 2 (2.8) 0 (0.0) 2.74 (0.32–23.6)

rs16969968/rs1051730 0.678
gg 55 (94.8) 64 (91.4) 103 (91.1) 1.00 (ref)
ag 3 (5.2) 6 (8.6) 10 (8.9) 0.69 (0.27–1.78)

spirometry-diagnosed non-COPD individuals 10 16 77
rs76071148 0.439

TT 6 (60.0) 11 (68.8) 37 (48.0) 1.00 (ref)
aT 4 (40.0) 5 (31.2) 34 (44.2) 0.55 (0.21–1.45)
aa 0 (0.0) 0 (0.0) 6 (7.8) –
aT vs TT + aa 0.61 (0.23–1.60)

rs8040868 0.167
TT 6 (60.0) 10 (62.6) 29 (37.7) 1.00 (ref)
CT 4 (40.0) 3 (18.7) 33 (42.8) 0.43 (0.15–1.23)
CC 0 (0.0) 3 (18.7) 15 (19.5) 0.36 (0.08–1.56)
CT + CC vs TT 0.41 (0.16–1.05)

rs56218866 0.520
TT 8 (80.0) 15 (93.7) 64 (83.1) 1.00 (ref)
CT 2 (20.0) 1 (6.3) 13 (16.9) 0.93 (0.23–3.72)
CC 0 (0.0) 0 (0.0) 0 (0.0) –

rs16969968/rs1051730 0.049
gg 10 (100.0) 13 (81.3) 74 (96.1) 1.00 (ref)
ag 0 (0.0) 3 (18.7) 3 (3.9) 2.13 (0.37–12.3)

Notes: aThe two-sided χ2 test between difference groups. badjusted in a logistic regression model with age, sex, smoking status and BMI as covariables.
Abbreviations: BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; OR, odds ratio; Ref, reference.
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