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Background: SERPINA1 gene has been implicated in the pathogenesis of chronic obstructive 

pulmonary disease (COPD), while smoking is a known risk factor for COPD. Little is known 

on the effect of SERPINA1 gene and its interaction with smoking in the Chinese population. 

In this study, the effect of SERPINA1 gene polymorphisms on COPD risk and its interaction 

with smoking status has been investigated.

Method: A total of 120 COPD patients and 481 healthy controls were recruited at The Armed 

Police Corps Hospital. Data on demographic variables, smoking status, history of occupational 

dust exposure, and allergies were collected. Genotyping for single nucleotide polymorphism’s 

(SNP) rs1243160, rs2854254, and rs8004738 was performed in all participants.

Results: SNP rs8004738 genotype was associated with a significantly higher risk for COPD 

(odds ratio (OR) =1.835, 95% confidence interval (CI): 1.002–3.360), whereas SNPs rs1243160 

and rs2854254 did not exhibit such an association. Smoking habit also significantly increased 

the risk for COPD (OR =2.306, 95% CI: 1.537–3.459). On stepwise logistic regression analysis, 

advanced age, smoking, and SNP rs8004738 variant were associated with increased risk for 

COPD, while female gender and higher educational status decreased the risk. On additive 

interaction analysis, a significant interactive effect of SNP rs8004738 and smoking was observed 

in this population (relative excess risk due to interaction =0.478; attributable proportion due 

to interaction (AP) =0.123; S=1.197).

Conclusion: SNP rs8004738 of SERPINA1 gene significantly interacted with smoking status 

and was associated with a higher risk for COPD in the Chinese population.

Keywords: chronic obstructive pulmonary disease (COPD), single nucleotide polymorphism 

(SNP), smoking, SERPINA1 polymorphism

Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by a progressive 

decrease in pulmonary ventilation due to obstruction of small airways. Multiple genetic 

and environmental factors are implicated in the causation of COPD. Genome-wide 

association studies have implicated genetic polymorphisms including that of SERPINA1 

gene in its pathogenesis. SERPINA1 gene, located on chromosome 14q32.1, encodes 

for a serine protease inhibitor (alpha 1 antitrypsin, AAT), which targets elastase, 

plasmin, thrombin, trypsin, chymotrypsin, and plasminogen activator, and has been 

shown to play a role in the development of COPD.1 A null mutation of SERPINA1 gene 

was shown to significantly increase the risk of severe emphysema.2 Single nucleotide 

polymorphisms (SNPs) of SERPINA1 have also linked to a heightened susceptibility to 

COPD.3,4 However, majority of these studies were performed in Caucasians, definitive 
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evidence of such an association is yet to be demonstrated in 

Asian population.5,6

An earlier study that investigated potential associations 

of different SNPs found that only rs8004738 allele frequency 

was significantly different between COPD and control after 

adjusting for confounders.7 Smoking is a leading environmen-

tal risk factor for COPD with 2–4 times higher risk in smokers 

compared to that in nonsmokers.8,9 As there is a high prevalence 

of smokers in China,10 smoking would continue to be a pre-

dominant risk factor for COPD. Of note, a synergistic effect 

between genetic polymorphisms and environmental factors 

has also been implicated in the pathogenesis of COPD.11,12 

Therefore, this study aimed to investigate rs8004738, which 

only has not been studied in Chinese population and other two 

nearby SNPs, rs1243160 and rs2854254, were also selected 

to assesse their potential interactions with smoking in the 

association with the risk of COPD.

Materials and methods
Study participants
Patients diagnosed with COPD and admitted to The Armed 

Police Corps Hospital between September 2014 and September 

2015 were eligible for participation. Patients who fulfilled 

the diagnostic criteria for COPD laid down in the GOLD 

(Global initiative for chronic Obstructive Lung Disease) 

Guidelines 2015 were included.13 The criteria included  

1) cough, expectoration, and/or wheeze for .3 months in a 

year; 2) FEV
1
/FVC ,70% and FEV

1
 ,80% on lung function 

tests after administration of bronchodilator drug.

The exclusion criteria included 1) patients unable to 

perform lung function tests; 2) history of bronchial asthma, 

interstitial lung disease, bronchiectasis, pulmonary embo-

lism, lung cancer, active tuberculosis, or any type of chest 

surgery or mental disease which would affect lung function. 

A total of 676 patients met the inclusion criteria, whereas 

556 patients met the exclusion criteria. A total of 120 patients 

were included in the case group for final analysis. 

Healthy volunteers who underwent routine health 

checkup at The Armed Police Corps Hospital between 

September 2014 and September 2015 were recruited as 

controls (n=19,457). Exclusion criteria for controls was 

individuals suffering from any organic disease based on 

clinical examination, chest X-ray, laboratory investigations 

(complete blood counts, biochemical tests, urine or feces 

test, and those who were unable to undergo lung function 

test). Therefore, a total of 481 healthy controls were included 

in the final analysis (Figure 1). All participants were Han 

Chinese and were unrelated to each other. This study was 

approved by the Ethic Committee of General Hospital of 

Chinese People’s Armed Police Forces, People’s Republic 

Figure 1 The flow chart of population selection.
Notes: The subjects were selected using questionnaire interview, lung function examination and COPD diagnosis according to GOLD Guidelines 2015. A total of 120 
patients confirmed COPD diagnosis and 481 healthy adults confirmed by further examinations were screened for genotyping.
Abbreviation: GOLD, Global initiative for chronic Obstructive Lung Disease.
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of China. Each participant signed a consent form before 

enrolment in this study. 

Collection of demographic data
A standard questionnaire was administered to participants by 

trained personnel for data collection on following demographic 

variables: age, gender, body mass index (BMI), smoking status, 

education level, type of utensils and fuel used for cooking, 

occupational exposure to dust, and history of allergies. 

Smoking index
Smoking status of participants was collected during their 

clinical visits. Smokers were defined as use of at least one 

cigarette a day, continuously for more than 1 year. Smoking 

index was calculated as follows:

	 Smoking index number of cigarettes/day years.= × �

DNA extraction, polymerase chain 
reaction, and genotyping
Approximately 2 mL of fasting blood was collected from 

each participant and stored at −80°C. DNA was extracted 

using DNA extraction kit (Tiangen Biotech Co. Ltd, Beijing, 

China). Primer pairs for each SNP were shown in Table 1. 

Primers were designed by Beijing Microread Genetics Co. Ltd 

(Beijing, China) (Table 1). Genotype was determined using 

SNaPshot assay (SNaPshot™ Multiplex Kit; Ukzybiotech.

Ltd, Beijing, China) and sequencing was performed by 

Beijing Double Gene Technology Co., Ltd (Beijing, China). 

Polymerase chain reaction buffer system included 4.0 μL 2.5× 

buffer, 0.2 μL polymerase chain reaction primer (10 µM, 

F + R), 0.1 μL Taq DNA polymerase, 1.0 μL DNA templates 

(50–100 ng/µL), and 4.7 µL double distilled water. Genotyp-

ing data were analyzed using software GeneMapper v3.2 

(Applied Biosystems Inc., Foster City, CA, USA).

Statistical analyses
Data analyses were performed using SPSS software, ver 

17.0 (SPSS Inc., Chicago, IL, USA). Quantitative data are 

presented as mean ± standard deviation. Independent t-test 

was used to compare the differences between age. Between-

group differences with respect to baseline demographic 

variables and SNP genotypes were assessed by chi-squared 

test (χ2). Further, Hardy–Weinberg genetic equilibrium test 

was performed. Stepwise logistic regression analysis was 

performed to identify independent risk factors. Odds ratios 

(ORs) and confidence intervals (CIs) were presented by mul-

tivariable logistic regression analysis. Additive interactions 

between SNP genotypes and smoking habit in association 

with COPD was accessed using following equations: 

	

Relative excess risk due

to interaction (RERI)
= − − +OR OR OR

AB AB AB
1;

�

	

Attributable proportion due

to interaction (AP)
RERI/= OR

AB
;
�

	
Synergy index (S) = − − + −( ) [( ) ( )].OR OR OR

AB AB AB
1 1 1

�

A value of P,0.05 was considered statistically 

significant.

Results
Baseline characteristics of study 
participants 
COPD group consisted of 92 males and 28 females (mean 

age: 65.3±11.3 years); the control group consisted of 

322  males and 159 females (mean age: 49.3±10.4 years) 

(Table 2). Statistically significant between-group differences 

were observed with respect to age and gender distribution 

(P,0.001 and P=0.040, respectively). Smoking status, 

BMI, and educational level were also significantly different 

between the two groups (higher rate for smokers, higher BMI, 

and lower educational level in the COPD group; P,0.001 

for all). No significant difference was observed with respect 

to type of utensils and fuel used for cooking, and for occupa-

tional exposure to dust, or history of allergy (Table 2).

Risk factors for COPD
On stepwise logistic regression analysis, advanced age 

(OR: 1.121, 95% CI: 1.088–1.155, P,0.001), current smok-

ing status (OR: 1.011, 95% CI: 1.006–1.016, P,0.001), and 

mutation at rs8004738 of SERPINA1 (OR: 3.948, 95% CI: 

1.688–9.232, P=0.002) was significantly associated with a 

higher risk for COPD (Table 3). Female gender (OR: 0.348, 

95% CI: 0.154–0.787, P=0.011) and higher educational status 

(OR: 0.323, 95% CI: 0.186–0.561, P,0.001) showed a 

significant negative association with COPD (Table 3).

Table 1 SNPs and primers design

SNPs Primers

rs8004738 Forward 5′–GCAGCAACCCTCAGAGTCCT–3′
Reverse 5′–ACTGGGCTGTGGTTGAGGTC–3′

rs1243160 Forward 5′–TGACCTGGGACAGGAATCG–3′
Reverse 5′–GCACCTCAGCAGGCGGATA–3′

rs2854254 Forward 5′–TGACCTGGGACAGGAATCG–3′
Reverse 5′–GCACCTCAGCAGGCGGATA–3′

Abbreviation: SNPs, single nucleotide polymorphisms.
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Association between smoking index 
and COPD
Compared to nonsmokers, smokers had a significantly 

higher risk of COPD after adjusting for age, gender, edu-

cational levels, and SNP variations (OR: 2.306, 95% CI: 

1.537–3.459, P,0.001) (Table 4). Subgroup analysis by 

smoking index showed a dose response effect of smoking 

on COPD. Participants who had a smoking index .800 

had four times higher risk for COPD compared to people 

who barely smoked (OR: 4.336, 95% CI: 2.094–8.981, 

P,0.001). 

SNP genotypes
Genotype frequency of SNP rs8004738, rs2854254, and 

rs1243160 fulfilled the Hardy–Weinberg genetic equilibrium 

test (all P.0.05; data not shown). There was no difference 

between allele frequencies for SNP rs2854254 and rs1243160. 

However, there was a significant difference in frequency of 

rs8004738 genotype between cases and controls; a higher 

frequency of A allele was observed in the COPD group 

(P=0.042) (Table 5). This indicates that mutations of A allele 

were associated with a higher risk of COPD (OR =1.373, 

95% CI =1.028–1.832, P=0.031). 

Interaction between smoking status and 
rs8004738 genotype
In nonsmoking participants, carriers of either G/A or A/A 

had a higher risk for COPD; the difference was statistically 

significant (OR: 1.835, 95% CI: 1.002–3.360). Among GG 

carriers, smokers showed a modestly higher risk for COPD 

compared to nonsmokers (OR: 2.582, 95% CI: 1.303–5.117). 

Among smokers, with non-GG genotype, the risk of COPD 

was significantly higher than that of nonsmokers with GG 

genotype (OR: 3.895, 95% CI: 2.120–7.157), which was 

indicative of a significant interactive effect (RERI =0.478; 

AP =0.123; S=1.197) (Table 6).

Discussion
In this study, we selected three SNPs, rs8004738, rs1243160, 

and rs2854254. rs8004738 was selected based on Chappel 

et al where they found it was the only SNP with a sig-

nificantly different allele frequency between COPD and 

controls.7 In this study, due to the limited budget, we could 

Table 2 Baseline characteristics of subjects by study group

Characteristics Category COPD group Control group P-value

Age (years) 65.3±11.3 49.3±10.4 ,0.001
Gender Male 92 322 0.040

Female 28 159
Smokers Yes 65 163 ,0.001

No 55 318
BMI (kg/m2) ,24 79 220 ,0.001

24–28 40 189
.28 1 72

Educational status Less than secondary 27 47 ,0.001
Senior high to college 51 184
University or higher 42 250

Material for cooking Liquefied gas or natural gas 89 389 0.103
Firewood or grass 31 92

Material for heating Heating installation or electricity 87 387 0.056
Coal 33 94

History of occupational 
exposure to dust

Yes 15 46 0.341

No 105 435
History of allergy Yes 14 92 0.055

No 106 389

Table 3 Results of stepwise logistic regression analyses showing 
risk factors for COPD

b SE Wald P-value OR 95% CI

Age 0.114 0.015 56.441 ,0.001 1.121 1.088–1.155
Gender
(female vs male)

−1.055 0.416 6.426 0.011 0.348 0.154–0.787

Smoking status 0.101 0.003 18.260 ,0.001 1.011 1.006–1.016
Educational level
(high vs low)

−1.130 0.281 16.128 ,0.001 0.323 0.186–0.561

rs8004738
(non-GG vs GG)

1.373 0.433 10.040 0.002 3.948 1.688–9.232

Notes: Variables selected by stepwise logistic regression. SNP rs8004738 genotypes 
were divided as GG and non-GG (G/A and A/A).
Abbreviations: SE, standard error; OR, odds ratio; CI, confidence interval.
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only assess two more SNPs, therefore, we picked rs1243160 

and rs2854254, which is closest to rs8004738 in genetic 

sequence. Our results showed that a G→A allele mutation 

of SNP rs8004738 in SERPINA1 gene was associated with a 

higher risk for COPD. More importantly, this mutation may 

also interact with an individual’s smoking habit. The results 

suggest that both risk factors may contribute synergistically 

to COPD. Other two SNPs, rs1243160 and rs2854254, were 

not associated with COPD. To our knowledge, this is the 

first study to investigate the interrelation between genetic 

susceptibility and a modifiable life style factor associated 

with COPD in Chinese population.

The most important reported mutation of gene SERPINA1 

was the null mutation, which is known to cause a severe 

deficiency of AAT2 and enhances the susceptibility of the 

lungs to potential damage caused by proteases. The cross-

sectional studies involving the heterozygotes for of this 

mutation (PiMZ) also suggested a two times higher risk for 

COPD.3 In this study, we did not examine the Pi genotype 

or the level of AAT, which is also our limitation. A previous 

study from Hong Kong demonstrated a very low prevalence 

of PiMZ mutation in Chinese population,14 indicating that 

this mutation has limited effect on the development of COPD 

in Chinese. Besides this mutation, other polymorphisms of 

SERPINA1 gene were also reported to be associated with 

emphysema or COPD.15,16 Gene polymorphism associated 

with COPD or poor lung function does not infer association 

with altered serum AAT level. Thun et al did not find associa-

tion of rs8004738 with serum AAT level conditioned for M 

allele mutation.17 Therefore, whether SNP found in our study 

is an independent factor associated with serum AAT levels 

needs to be determined. Based on our results, SNP rs8004738 

was associated with higher risk for COPD, which is consistent 

with previous findings in Caucasian population.7 However, a 

previous study in a Japanese population demonstrated a lack 

of association between rs8004738 homozygotes and risk for 

emphysema.18 The disparity between their results and ours 

are probably due to the difference in disease category and 

ethnic background. Future studies with larger sample size and 

simultaneously tested serum AAT levels can further elucidate 

the role of rs8004738 in the development of COPD.

The potential interaction between smoking and genetic 

mutations in the causation of COPD has been reported. 

De Jong et al reported that in utero and adult exposure to 

tobacco modified the protective effect of glutathione S 

transferase omega gene polymorphism on lung function.12 

Furthermore, a study conducted on European population 

revealed a significant interaction between SERPINA1 PiMZ 

genotype and occupational exposure to vapors, dust, gases, 

and fumes in association with decrease in lung function.11 

In this study, we also observed that the interaction between 

SNP rs8004738 and smoking contributed significantly to the 

risk of COPD in Chinese. The findings highlight the need 

for a ban on use of tobacco and concerted efforts at health 

education for management and prevention of COPD in China. 

Taken together, these data provided scientific evidence on 

the synergistic effects of genetic and environmental factors 

on the development of COPD.

Table 5 SNP genotypes frequencies in COPD case and control 
groups

SNP Genotypes Genotype frequency P-value

COPD Control

rs8004738 G/G 40 221 0.042
G/A 59 187
A/A 21 73
G:A 139:101 629:333 0.031

rs2854254 G/G 94 381 0.930
G/A 22 85
A/A 4 15
G:A 210:30 847:115 0.816

rs1243160 C/C 116 464 0.774
C/T 4 15
T/T 0 2
C:T 236:4 237:3 0.755

Abbreviation: SNP, single nucleotide polymorphism.

Table 4 Association between smoking index and COPD risk

Smoking index (number × year) Case group (n, %)
n=120

Control group (n, %)
n=481

OR 95% CI P-value

Nonsmoker 55 318 1.000
Smoker 65 163 2.306 1.537–3.459 ,0.001
,1 55 (45.8) 318 (82.5) 1.000
1–400 37 (30.8) 107 (15.8) 1.999 1.249–3.201 0.004
400–800 13 (10.8) 36 (0.9) 2.088 1.041–4.187 0.035
.800 15 (12.5) 20 (0.9) 4.336 2.094–8.981 ,0.001

Notes: Data presented as frequency (proportion), ORs and 95% CI by logistic regression. Confounding factors included age, gender, educational levels, and genetic 
variations.
Abbreviations: OR, odds ratio; CI, confidence interval.
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Our study also ruled out the potential association of 

SNP rs1243160 and rs2854254 with the risk of COPD. The 

association of either rs1243160 or rs2854254 with COPD 

has not been reported earlier. It remained possible that the 

lack of association of rs2854254 and rs1243160 was due to 

our limited sample size. Therefore, further study with large 

sample size is required to further elucidate the role of these 

two SNPs.

The case–control study design and retrospective nature of 

the analysis are key study limitations. There is a lack of data 

on serum AAT levels and limited information of participant’s 

with respect to exposure to passive smoking.

Conclusion
This study demonstrated that SNP rs8004738 in SERPINA1 

gene significantly interacted with smoking status, and that 

both in association lead to an increased risk for COPD in the 

Chinese population. These results increased our knowledge 

regarding the interaction between genetic and environmental 

factors contributing to COPD. It emphasizes the need for 

educating COPD patients on quitting tobacco during COPD 

management.
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