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Background: Chronic obstructive pulmonary disease (COPD) is a chronic respiratory ailment influenced by a blend of genetic and 
environmental factors. Inflammatory response and an imbalance in oxidative-antioxidant mechanisms constitute the primary patho
genesis of COPD. Glutathione S-transferase P1(GSTP1) plays a pivotal role as an antioxidant enzyme in regulating oxidative- 
antioxidant responses in the pulmonary system. The activation of the NOD-like receptor thermal protein domain (NLRP3) inflam
matory vesicle can trigger an inflammatory response. Several investigations have implicated GSTP1 and NLRP3 in the progression of 
COPD; nonetheless, there remains debate regarding this mechanism.
Methods: Employing a case-control study design, 312 individuals diagnosed with COPD and 314 healthy controls were recruited 
from Gansu Province to evaluate the correlation between GSTP1 (rs4147581C>G and rs1695A>G) and NLRP3 (rs3806265T>C and 
rs10754558G>C) polymorphisms and the susceptibility to COPD.
Results: The presence of the GSTP1 rs4147581G allele substantially elevated the susceptibility to COPD (CGvs.CC:OR=3.11,95% 
CI=1.961–4.935, P<0.001;GGvs.CC:OR=2.065,95% CI=1.273–3.350, P=0.003; CG+GGvs.CC:OR=2.594,95% CI=1.718–3.916, 
P<0.001). Similarly, the NLRP3rs3806265T allele significantly increased the susceptibility to COPD (TC:TT:OR=0.432,95% 
CI=0.296–0.630; TC+CCvs.TT:OR=2.132,95% CI=1.479–3.074, P<0.001). However, no statistically significant association was 
discerned between the rs1695A>G and rs10754558G>C polymorphisms and COPD susceptibility (P>0.05).
Conclusion: In summary, this study ascertained that the GSTP1 rs4147581C>G polymorphism is associated with increased COPD 
susceptibility, with the G allele elevating the risk of COPD. Similarly, the NLRP3 rs3806265T>C polymorphism is linked to elevated 
COPD susceptibility, with the T allele heightening the risk of COPD.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a heterogeneous lung condition characterized by persistent respiratory 
symptoms and airflow limitation due to airway and/or respiratory disease, accompanied by dyspnea, cough, and sputum 
production.1–6 The global prevalence of COPD is 10.3%, with the prevalence among Chinese adults aged 40 years and 
older reaching as high as 13.6%, making it the third leading cause of death in the country.

The causes of COPD are complex, and its development is strongly associated with both genetic and environmental 
factors.7–9 Familial aggregation of COPD indicates the significant role of genetic factors in its development. Studies have 
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indicated that only 10% to 20% of smokers eventually develop COPD, while 25% of COPD patients have never 
smoked.10–13 This suggests that COPD results from the interplay between genetic and environmental factors.14 

Although the pathogenesis of COPD remains unclear, inflammation, protease-antiprotease imbalance, and oxidative- 
antioxidant imbalance are believed to be the primary mechanisms. Recently, Confalonieri et al propose to also include the 
concept of “structural changes due to failed regeneration by the distal airways progenitor cells” into the new definition of 
COPD “structural changes due to failed regeneration by the distal airways progenitor cells”.15 In recent years, several 
genetic polymorphisms have been linked to COPD development, including polymorphisms in glutathione S-transferase 
and inflammation-related genes.16,17

Glutathione S-transferase P1 (GSTP1) is a vital antioxidant enzyme highly expressed in the lungs.18,19 The GSTP1 
gene, located on chromosome 11q13, has multiple single-nucleotide mutation sites.20 Polymorphisms at these mutant loci 
may impact their antioxidant function, leading to an oxidative-antioxidant imbalance that could induce COPD. Currently, 
there is controversy regarding the association between GSTP1 polymorphisms and COPD. While Yan and Ishii found an 
association, Yim and Yang’s study did not support a correlation between the two.21–26

The early immune response in the lungs against harmful stimuli is primarily mediated by inflammasomes, intracel
lular polyprotein complexes that recognize signals of injury and pathogens. NOD-like receptor thermal protein domain- 
associated protein 3 (NLRP3) is a crucial member of the inflammasome responsible for recognizing these signals.27 

Mutations in the NLRP3 gene locus may result in abnormal inflammasome activation, leading to an excessive 
inflammatory response and exacerbating lung tissue damage.28–31 Faner et al and Eltom et al discovered that the 
rs35829419 mutation at the NLRP3 locus in lung tissues of COPD patients affects interactions with other proteins, 
further intensifying the inflammatory response and the release of inflammatory mediators.32,33 NLRP3 is also genetically 
polymorphic and has been linked to the development of several inflammatory diseases. However, although there are 
fewer studies on NLRP3 polymorphisms and COPD.34,35

In summary, COPD poses a heavy disease burden worldwide due to its high prevalence and mortality. However, the 
causes of COPD are complex, and its pathogenesis and causes have not been fully elucidated. Currently, it is mainly 
believed that the development of COPD is related to genes and environmental factors, and gene polymorphisms are also 
believed to be involved in many aspects of the pathogenesis of COPD. However, there is controversy at home and abroad 
about the association of GSTP1 gene polymorphisms with the risk of COPD and there are fewer studies on the 
association of NLRP3 gene polymorphisms with the risk of COPD. COPD is also less studied. Therefore, we conducted 
a case-control study in Gansu Province, including 312 COPD patients and 314 healthy controls, and used molecular 
epidemiological methods and real-time fluorescence quantitative PCR to analyse the association between GSTP1 and 
NLRP3 gene polymorphisms and COPD, with a view to providing theoretical basis for the early prevention programme 
and treatment of COPD-susceptible population.

Methods
Study Population
Between January 2020 and November 2022, we conducted a case-control study at the Affiliated Hospital of Gansu 
University of Traditional Chinese Medicine involving 312 COPD patients and 314 healthy controls from both rural and 
urban natural population cohorts in Gansu, the cases were mainly included in stable COPD patients with stable or mild 
symptoms such as cough, sputum, and shortness of breath. Our aim was to evaluate the association of GSTP1 
(rs4147581C>G and rs1695A>G) and NLRP3 (rs3806265T>C and rs10754558G>C) polymorphisms in relation to 
COPD susceptibility.

Diagnostic Criteria and Pulmonary Function Tests for COPD
In accordance with the COPD Global Initiative for 2023, COPD is considered diagnosed when there are risk factors 
associated with dyspnea, cough, sputum production, and smoking, and the ratio of Forced Expiratory Volume in 1 second 
(FEV1) to Forced Vital Capacity (FVC), measured after a half-hour inhalation of 400 µg of salbutamol, falls below 70%. 
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Pulmonary function tests were conducted using an EasyOne spirometer (NDD Medizintechnik AG, Switzerland) 
following the manufacturer’s instructions.36

Single Nucleotide Polymorphism (SNP) Selection and Genotyping
We identified potential risk SNPs by consulting the dbSNP database (http://www.ncbi.nlm.nih.gov/SNP) with the 
following selection criteria: SNPs located within the upper and lower 2000 bp of GSTP1 and NLRP3, Minor Allele 
Frequencies (MAFs) exceeding 0.05 in the Chinese population, and low linkage disequilibrium (LD, r2<0.8). Finally, we 
selected rs4147581C>G, rs1695A>G, rs3806265T>C, and rs10754558G>C for further analysis.

DNA extraction from collected peripheral blood samples was carried out using Tiangen Biochemical’s Blood 
Genomic DNA Extraction System Kit (DP349). Genotyping was performed using the TaqMan-MGB probe method. 
To ensure the reliability of PCR reactions, a negative control was included on each plate, and 10% of the samples were 
randomly selected for repeat testing.

Fluorescence-Based Quantitative PCR Technique
Mix configuration: Prepare PCR reaction mixture with Takara Premix Ex Taq™ (Probe qPCR) kit and vortex oscillation for 15 
sec to mix the mixture well. Add sample: Standard DNA sample to 30 ng /μ l, add 18.5 μL PCR reaction mixture to 384 / 96 
well plate, add l.5 μ l DNA template to 384 / 96 well plate, seal with sealing plate film and place at low speed, he centrifuwas 
centrifuged at 2000rpm for 2min. PCR amplification reaction: Place 384 / 96 well plate into 7900 HT quantitative PCR 
instrument / StepOnePlus quantitative PCR instrument and perform the following steps: Pre read → predenaturation 95°C 
10min → denaturation 95°C 15s + annealing extension 60°C 1min (Repeat: 40 cycles) → 60°C 1min → Post read.

Methods of Statistical Analysis
Measurement data are presented as mean±standard deviation (X±SD), and count data are expressed as percentages (%). 
For group comparisons involving both categorical and continuous data, we employed χ2 tests and t-tests as appropriate.

In examining the association between genetic polymorphisms and COPD susceptibility, we utilized a multifactorial 
logistic regression model to calculate the odds ratio (OR) and its 95% confidence interval (CI). This analysis was 
adjusted for potential confounders such as age, gender, and smoking status. We conducted stratified analysis and 
interaction analysis for each stratum under each factor to assess the association between genotype and COPD risk. 
The Breslow-Day test was employed to evaluate heterogeneity between strata, with a significance level set at P<0.05. 
Statistical analysis was performed using SPSS version 25.0.

Results
Demographic Characteristics
Table 1 presents the demographic characteristics of our case-control study, including 312 COPD patients and 314 healthy 
controls in Gansu Province. Significant disparities in age, smoking status were observed between the two groups, with 
both demonstrating statistical significance (both P<0.05).

Association Analysis of SNPs in the GSTP1 and NLRP3 Genes with the Risk of COPD
As depicted in Table 2, the GSTP1 rs4147581 G allele markedly elevated the risk of COPD within the Gansu Province, 
China population (CGvs.CC:OR=3.11,95% CI=1.961–4.935, P<0.001;GGvs.CC:OR=2.065,95% CI=1.273–3.350, 
P=0.003;CG+GGvs.CC:OR=2.594,95% CI=1.718–3.916, P<0.001). In contrast, the GSTP1 rs1695A allele did not 
demonstrate a significant association with COPD risk. Nevertheless, logistic regression analysis, adjusting for age, 
gender, smoking, and BMI, revealed that the GSTP1 rs1695A>G allele was linked to an increased COPD risk within the 
Gansu Province, China population (AG:AA: adjusted Odds Ratio (OR)=2.495, 95% CI=1.558–3.996;AG+GGvs.AA: 
adjusted Odds Ratio (OR)=2.619, 95% CI=1.428–3.294, both P<0.001).
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Table 1 Basic Demographic Characteristics of the Study Population

Total Number of People Case Group Control Group χ2/t P-value

312 314

Age (years)

≤60 52.63±5.92 47.70±7.86 83.410 <0.001*
>60 68.91±6.16 67.67±5.26

Gender

Male 169(54.2) 144(45.9) 4.320 0.038*
Female 143(45.8) 170(54.1)

Marital status

Unmarried 2(0.6) 6(1.9)
Married 281(90. 1) 278(88.5) 2.959 0.401

Divorced 26(8.3) 24(7.6)

Bereaved spouse BMI (kg/m2) 3(1.0) 6(1.9)
<18.5 17.22±1.21 17.50±1.35

18.5–23.9 21.75±1.45 21.86±1.39 9.529 0.009*

≥24.0 26.47±2.11 26.82±2.19
Smoking

Yes 97(31.1) 53(16.9) 17.346 <0.001*

No 215(68.9) 261(83. 1)
Drinking

Yes 27(8.7) 39(12.4) 2.354 0. 125

No 285(91.3) 275(87.6)

Note: *Statistically significant parameters. 
Abbreviation: BMI, Body mass index.

Table 2 Association of SNPs in GSTP1 and NLRP3 with COPD Susceptibility

Models Genotype Case Group 
(n=312)

Control Group 
(n=314)

Pa Corrected OR (95% 
CI)b

Pb Akachi 
Information 

Guidelines (AIC)
n (%) n (%)

GSTP1

rs4147581C>G CC 54(17.3) 119 (37.9) <0.001* 737.397

CG 128(41.0) 114 (36.3) 3.11 (1.961–4.935) <0.001*

Additionality GG 130 (41.7) 81(25.8) 2.065 (1.273–3.350) 0.003*

Dominant CG+GG vs CC 258 (82.7) 195(62.1) <0.001* 2.594 (1.718–3.916) <0.001* 740.581

Implicit GG vs CC+CG 130 (41.7) 81(25.8) <0.001* 1.081 (0.724–1.615) 0.703 761.741

rs1695A>G AA 223 (71.5) 225 (71.7) 0.999 746.732

AG 63(20.1) 63(20.1) 2.495 (1.558–3.996) <0.001*

Additionality GG 26(8.3) 26(8.3) 1.583 (0.830–3.021) 0.163

Dominant AG+GG vs AA 89(28.5) 89(28.3) 0.960 2.619 (1.428–3.294) <0.001* 748.290

Implicit GG vs AA+AG 26(8.3) 26(8.3) 0.981 1.243 (0.671–2.304) 0.489 761.409

NLRP3

rs3806265T>C TT 220(70.5) 158(50.3) <0.001* 741.553

TC 82(26.3) 145 (46.2) 0.432 (0.296–0.630) <0.001*

Additionality CC 10(3.2) 11(3.5) 1.116 (0.433–2.875) 0.821

Dominant TC+CCvs.TT 92(29.5) 156 (49.7) <0.001* 2.132 (1.479–3.074) <0.001* 745.150

Implicit CC vs.TT+TC 10(3.2) 11(3.5) 0.836 1.568 (0.618–3.979) 0.344 761.003

rs10754558G>C GG 226 (72.4) 234 (74.5) 0.833 761.692

GC 78(25.0) 73(23.2) 0.939 (0.628–1.405) 0.760

Additionality CC 8(2.6) 7(2.2) 1.184 (0.379–3.697) 0.771

Dominant GC+CC vs.GG 86(27.6) 80(25.5) 0.554 0.959 (0.650–1.415) 0.832 761.841

Implicit CC vs GG+GC 8(2.6) 7(2.2) 0.784 1.202 (0.387–3.736) 0.750 761.785

Notes: *Statistically significant parameters. aχ2 test. bLogistic regression after correction for sex, age, BMI, and smoking. 
Abbreviations: OR, dominance ratio; CI, confidence interval; AIC, red pool information criterion.
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The NLRP3 rs3806265T allele was also associated with COPD risk within the Gansu Province, China population 
(TC:TT: OR=0.432,95% CI=0.296–0.630; TC+CCvs.TT: OR=2.132, 95% CI=1.479–3.074, both P<0.001). Conversely, 
no significant association was detected between rs10754558G>C and the prevalence of COPD.

Stratified Analysis and Interaction Analysis of SNPs and Risk of COPD
Stratification and Interaction Analysis of GSTP1 rs4147581C>G and COPD Prevalence Risk
Table 3 presents the findings from the stratification and interaction analysis. Rs4147581C>G in the dominant model, when 
comparing the CC genotype to the GG/GC genotype, we observed variations in COPD risk across different strata defined by 
age, sex, and smoking history. Notably, there was no homogeneity between the strata (P<0.05). In the population aged over 
60 years, the CC genotype (GG+GCvs.CC: OR=11.176,95% CI = 5.709–21.879) significantly increased the risk of COPD. 
Similarly, in the male population (GG+GCvs.CC: OR=22.784,95% CI=6.883–75.418), in individuals with a smoking history 
(GG+GCvs.CC: OR=24.429,95% CI=5.389–110.737), and in those without a smoking history (GG+GCvs.CC: 
OR=1.979,95% CI=1.327–2.950), the CC genotype was associated with an elevated risk of COPD. Furthermore, in 
individuals without a smoking history (GG+GCvs.CC: OR=1.327–2.950), the CC genotype exhibited an increased risk of 

Table 3 Stratification Analysis and Interaction Analysis Between GSTP1 rs4147581C>G and COPD Susceptibility

Variables Case Group (n=312) Control Group 
(n=314)

GG+GCvs.CC p Homob CMH OR (95% CI)c PCMH c P Interd

CC CG+GG CC CG+GG OR (95% CI)a

n (%) n (%) n (%) n (%)

Age

≤60 37(29.8) 87(70.2) 79(33.2) 159(66.8) 1.168 (0.730–1.869) <0.001* – <0.001* <0.001*

>60 17(9.0) 171 (91.0) 40(52.6) 36(47.4) 11.176 (5.709–21.879) –

Gender

Male 3(1.8) 166 (98.2) 42(29.2) 102(70.8) 22.784 (6.883–75.418) <0.001* – <0.001* <0.001*

Female 51(35.7) 92 (64.3) 77(45.3) 93(54.7) 1.494 (0.946–2.357) –

Marital status

Unmarried 1(50.0) 1(50.0) 2(33.3) 4(66.7) 0.500 (0.019–12.898) 0.429 2.950 (2.031–4.286) <0.001* 0.217

Married 45(16.0) 236 (84.0) 106(38.1) 172(61.9) 3.232 (2.166–4.823)

Divorced 8(30.8) 18(69.2) 10(41.7) 14(58.3) 1.607 (0.502–5.141)

Bereaved spouse 1(11. 1) 8(88.9) 1(16.7) 5(83.3) 0.833 (0.583–1. 192)

BMI (kg/m)2

<18.5 3(16.7) 15(83.3) 1(20.0) 4(80.0) 1.250 (0. 01–15.499) 0.767 2.862 (1.968–4.162) <0.001* 0.916

18.5–23.9 24(15.4) 132(84.6) 53(36. 1) 94(63.9) 3.101 (1.789–5.375)

≥24.0 27(19.6) 111(80.4) 65(40. 1) 97(59.9) 2.755 (1.630–4.657)

Smoking status

Yes 2(2.1) 95 (97.9) 18(34.0) 35(66.0) 24.429 (5.389–110.737) <0.001* – <0.001* 0.298

No 52(24.2) 163 (75.8) 101(38.7) 160(61.3) 1.979 (1.327–2.950) –

Drinking –

Yes 0(0.0) 27(100.0) 11(28.2) 28(71.8) 2.766 (1.887–4.056) 0.059 3.046 (2.090–4.439) <0.001* 0.057

No 54(18.9) 231 (81.1) 108(39.3) 167(60.7) 0.718 (0.590–0.874)

Past medical history

Yes 25(16.4) 127 (83.6) 48(37.2) 81(62.8) 3.010 (1.723–5.260) 0.859 2.898 (1.997–4.205) <0.001* 0.687

No 29(18.1) 131 (81.9) 71(38.4) 114(61.6) 2.813 (1.707–4.637)

Notes: *Statistically significant parameters. aAdjusted logistic regression model analysis for gender, age, BMI, smoking, etc. bBreslow-Day test of heteroscedasticity. 
cCochran-Mantel-Haenszel test. dMultiplicative interaction. 
Abbreviations: OR, dominance ratio; CI, confidence interval; BMI, Body mass index.
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COPD. Regarding BMI, marital status, alcohol consumption, and a history of previous diseases, we observed homogeneity 
between strata (P>0.05). In these strata, the CC genotype in the dominant model was associated with an increased risk of 
COPD: BMI (GG+GCvs.CC: OR=2.862,95% CI=1.968–4.162), marital status (GG+GCvs.CC: OR=2.950, 95% CI=2.031– 
4.286), alcohol consumption (GG+GCvs.CC: OR=3.046,95% CI=2.090–4.439), and a history of previous illnesses(GG 
+GCvs.CC: OR=2.898,95% CI=1.997–4.205).The results of multiplicative interaction analysis demonstrated that age and 
sex exhibited significant interactions with the genetic variation of rs4147581C>G, with a statistically significant difference 
observed between the case and control groups (P<0.05).

Stratification and Interaction Analysis of NLRP3 rs3806265 T>C and COPD Prevalence Risk
The results of the stratification and interaction analysis are presented in Table 4. In the dominant model, 
rs3806265T>C, compared to the TT genotype, displayed variations in strata involving marital status and smoking. 
Notably, a lack of homogeneity between strata (P<0.05) was evident in the married population (TC+CCvs.TT: 
OR=2.816,95% CI=1.979–4.008), and the population with a smoking history (TC+CCvs.TT: OR=7.130,95% 
CI=3.291–15.451), and those without a smoking history (TC+CCvs.TT: OR=1.673,95% CI=1.156–2.421) increased 
the risk of COPD. In the dominant model, when stratified by TC/CC genotypes compared to TT genotypes, and across 
various strata, including age, sex, BMI, alcohol consumption, and history of previous diseases, we observed homo
geneity between these strata (P>0.05). In each of these strata, the TC/CC genotypes were associated with an increased 
risk of COPD: age (TC+CCvs.TT:OR=2.088,95% CI=1.469–2.968), sex(TC+CCvs.TT:OR=2.268,95% CI=1.619– 
3.176), BMI(TC+CCvs.TT: OR=2.432,95% CI=1.743–3.392), alcohol consumption (TC+CC vs.TT: OR=2.339,95% 
CI=1.683–3.251), and history of previous illness (TC+CCvs.TT: OR=2.336,95% CI=1.680–3.247). Furthermore, the 
results of the multiplicative interaction analysis revealed that the interaction between smoking and alcohol consump
tion, in relation to the genetic variation in rs3806265 T>C, exhibited a statistically significant difference between the 
case and control groups (P<0.05).

Analysis of the Relationship Between COPD Severity and SNPs
A total of 110 COPD patients with complete pulmonary function indicators and stable stage were selected from the case 
group. The severity of COPD was divided into four levels according to the percentage of the expected value of forced 
pulmonary capacity in the first second. Among them, the predicted value of FEV1 ≥ 80% was mild, and the predicted 
value of 50% ≤ FEV1 < 80% was moderate. 30% ≤FEV1 < 50% is expected to be severe, and FEV1 < 30% is expected 
to be extremely severe. The correlation between GSTP1 (rs4147581C>G and rs1695A>G) and NLRP3 (rs3806265T>C 
and rs10754558G>C) and COPD severity was analyzed. As shown in Table 5, the group of cases with complete lung 
function was analysed by chi-square test, and it was found that rs4147581C>G, rs1695A>G, rs3806265T>C, and 
rs10754558G>C were unassociated with the severity of COPD.

Discussion
Gene polymorphisms are thought to be involved in several aspects of COPD pathogenesis, and the association between 
polymorphisms in the GSTP1 gene and the risk of COPD is controversial both nationally and internationally, and there 
have been fewer studies on polymorphisms in the NLRP3 gene and COPD. To elucidate the role of GSTP1 and NLRP3 
polymorphisms in COPD development, our study examined the relationship between two SNPs in the GSTP1 gene 
(rs4147581C>G, rs1695A>G) and two SNPs in the NLRP3 gene (rs3806265T>C, rs10754558G>C) and COPD risk in 
the Gansu population, China. Notably, GSTP1 rs4147581C>G allele exhibited an elevated COPD risk, with CG and GG 
genotypes demonstrating higher susceptibility compared to the rs4147581CC genotype within the age>60 years, male, 
smoking population (P<0.05). Furthermore, the NLRP3 rs3806265T>C allele was linked to an increased COPD risk, 
with the TT genotype displaying a higher prevalence in the married and smoking populations (P<0.05) compared to the 
rs3806265TC/CC genotype. And neither rs4147581 nor rs3806265 was associated with COPD severity.

GSTP1, a member of the GST enzyme family, serves various physiological functions.37 GSTs have been reported to 
participate in antioxidant processes within the body.38 Among the GSTs, GSTP1 and its close association with oxidative 
stress and inflammatory responses in COPD are notable GSTP1 polymorphisms contribute to an imbalance in oxidative- 
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Table 4 Stratified Analysis and Interaction Analysis Between NLRP3 rs380626 T>C and COPD Susceptibility

Variables Case Group (n=312) Control Group (n=314) TC+CCvs.TT p Homob CMH OR (95% CI) 
c

PCMH c P Interd

TT TC+CC TT TC+CC OR (95% CI) a

n (%) n (%) n (%) n (%)

Age

≤60 86(69.4) 38(30.6) 110(46.2) 128(53.8) 2.633 (1.664–4.168) 0.106 2.088 (1.469–2.968) <0.001* 0.123

>60 134(71.3) 54(28.7) 48(63.2) 28(36.8) 1.448 (0.824–2.542)

Gender

Male 140(82.8) 29(17.2) 85(59.0) 59(41.0) 3.351 (1.993–5.635) 0.050 2.268 (1.619–3.176) <0.001* 0.850

Female 80(55.9) 63(44.1) 73(42.9) 97(57.1) 1.687 (1.077–2.642)

Marital status

Unmarried 1(50.0) 1(50.0) 5(83.3) 1(16.7) 0.200 (0.006–6.664) 0.021* – <0.001* 0.210

Married 205(73.0) 76(27.0) 136(48.9) 142(51.1) 2.816 (1.979–4.008) –

Divorced 11(42.3) 15(57.7) 13(54.2) 11(45.8) 0.621 (0.203–1.898) –

Bereaved spouse 3(100.0) 0(0.0) 4(66.7) 2(33.3) 0.667 (0.379–1.174) –

BMI (kg/m)2 –

< 18.5 12(66.7) 6(33.3) 1(20.0) 4(80.0) 8.000 (0.725–88.226) 0.540 2.432 (1.743–3.392) <0.001* 0.992

18.5–23.9 109(69.9) 47(30. 1) 70(47.6) 77(52.4) 2.551 (1.593–4.085)

≥ 24.0 99(71.7) 39(28.3) 87(53.7) 75(46.3) 188 (1.351–3.545)

Smoking status

Yes 82(84.5) 15(15.5) 23(43.4) 30(56.6) 7.130 (3.291–15.451) 0.001* – <0.001* 0.006*

No 138(64.2) 77(35.8) 135(51.7) 126(48.3) 1.673 (1.156–2.421) –

Drinking

Yes 19(70.4) 8 (29.6) 16(41.0) 23(59.0) 3.414 (1.202–9.696) 0.453 2.339 (1.683–3.251) <0.001* 0.005*

No 201(70.5) 84(29.5) 142(51.6) 133(48.4) 2.241 (1.583–3.173)

Past medical history

Yes 111 (73.0) 41(27.0) 66 (51.2) 63 (48.8) 2.584 (1.571–4.250) 0.597 2.336 (1.680–3.247) <0.001* 0.239

No 109 (68.1) 51(31.9) 92 (49.7) 93(50.3) 2.160 (1.391–3.355)

Notes: *Statistically significant parameters. aAdjusted logistic regression model analysis for gender, age, BMI, smoking, etc. bBreslow-Day heteroscedasticity test. cCochran-Mantel-Haenszel test. dMultiplicative interaction. 
Abbreviations: OR, dominance ratio; CI, confidence interval; BMI, Body mass index.
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oxidative processes, affecting the ability to counter oxidative stress and other lung disease-associated biological 
mechanisms. This, in turn, impacts COPD development and severity.39 Additionally, GSTP1 plays a protective role 
against airway cell damage induced by smoking. Consequently, the association between GSTP1 and COPD has garnered 
increased attention. NLRP3 protein primarily resides in cells, serving to detect in vivo danger signals, thus, promoting the 
release of inflammatory factors such as IL-1β and IL-18.40 NLRP3 plays a crucial role in macrophage and neutrophil 
migration and aggregation, as well as in oxidative stress generation.41 Inhibition of NLRP3 inflammatory vesicles 
indirectly mitigates the inflammatory effects of IL-1β and IL-18, presenting an ideal target for COPD treatment.

In this study, we selected two SNPs from the GSTP1 gene (rs4147581C>G and rs1695A>G) and two from the 
NLRP3 gene (rs3806265T>C and rs10754558G>C) for investigation. Online tools such as NCBI, Ensembl, and SNP info 
Web Server were used to obtain information on the location and function of these SNPs. The GSTP1 gene, located on 
chromosome 11q13, spans approximately 3 kb with 7 exons.42 Specifically, rs4147581C>G, positioned at Chr11: 
67584114, has demonstrated significant associations with survival in patients with hepatocellular carcinoma, where its 
mutant genotype reduces the risk of death in these patients.43–46 Meanwhile, rs1695A>G at Chr11: 67585218 has shown 
associations with conditions such as cervical cancer, asthma, cyclophosphamide efficacy, and adverse effects. The 
NLRP3 gene, situated on chromosome 1q44, extends over approximately 40 kb.47,48 Within this gene, rs3806265T>C, 
located at Chr1: 247423034, has been linked to multiple sclerosis, juvenile systemic lupus erythematosus, and myasthe
nia gravis in recent studies.49–51 Similarly, rs10754558G>C at Chr1: 247448734 has been reported to be associated with 
rheumatoid arthritis, chronic kidney disease, psoriasis, and others.

Our study findings indicate an association between the GSTP1 rs4147581C>G variant and the risk of developing 
COPD. Patients with the CG/GG genotype exhibited a higher incidence of COPD compared to those with the CC 
genotype. GSTP1 functions as a detoxifying enzyme involved in intracellular oxidative stress responses and the removal 
of toxic metabolites.52 The rs4147581C>G variant may lead to reduced activity and function of the GSTP1 enzyme, 
diminishing its capacity to bind and eliminate toxicants and harmful metabolites. This can result in intracellular toxicant 
accumulation, increased oxidative stress, and exacerbated inflammatory responses, thereby elevating the risk of cardi
ovascular diseases like coronary artery disease, hypertension, and myocardial infarction.

Furthermore, we found an association between the NLRP3 rs3806265T>C variant and the risk of developing COPD, 
with a higher prevalence of the TT genotype compared to the TC/CC genotype.53 NLRP3 rs3806265 may play a pivotal 
role in inflammatory injury in COPD. The variant could lead to aberrant NLRP3 protein function, impacting the 

Table 5 Analysis of the Relationship Between COPD Severity and SNPs

Genotyping Mild (5) Moderate (77) Severe (24) Very Severe (4) χ2 P-value

rs4147581C>G
CC (14) 0 12 2 0 4.135 0.668

CG (42) 2 31 7 2

GG (54) 3 34 15 2
rs1695A>G

AA (86) 5 58 21 2 6.579 0.300

AG (7) 0 6 0 1
GG (17) 0 13 3 1

rs3806265T>C
TT (100) 3 72 21 4 9.804 0.224

TC (8) 2 4 2 0

CC (2) 0 1 1 0
rs10754558G>C

GG (14) 7 5 2 0 7.145 0.313

GC (42) 19 14 7 2
CC (54) 13 24 15 2
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abnormal activation of inflammatory vesicles and deviating inflammatory signaling pathways. This, in turn, increases 
intracellular stress levels and contributes to the development and exacerbation of inflammatory diseases.

In this study, we investigated the role of GSTP1rs4147581C>G and NLRP3rs3806265T>C variants as risk factors for 
chronic obstructive pulmonary disease (COPD). Our findings provide a new way to predict and prevent COPD.54 In 
addition, studies by Yadav et al in North Indian populations found that GST gene polymorphisms can be used as 
susceptibility biomarkers for COPD, which also provides support for our study.55 The study of the effect of IL5RA 
variants on COPD in a Chinese population by Li et al provides new evidence to further our understanding of the genetic 
susceptibility to COPD. This study reveals an association between IL5RA gene variants and COPD, which could help us 
better predict and prevent COPD.56 The study of Castro et al on the influence of gene polymorphism on the severity of 
silicosis provides us with a new perspective. The study, conducted in silicon-exposed Brazilian workers, explored the 
effect of genetic polymorphisms on the severity of silicosis, providing useful information for the prevention and 
treatment of lung disease.57 Finally, Cheng et al ‘s study that circular RNA-SNPs may increase susceptibility to silicosis 
provides new clues to our understanding of genetic susceptibility to silicosis. The study, conducted in a Chinese 
population, identified a novel circular RNA-SNP that may increase susceptibility to lung lesions. Taken together, these 
studies provide valuable information for our understanding of the genetic susceptibility to COPD and lung-related 
diseases, which can help us better prevent and treat these diseases. In future studies, we will continue to explore the role 
of these gene variants in COPD, with a view to providing more guidance for clinical diagnosis and treatment.

This study explored the genetic role of GSTP1 and NLRP3 genes in the risk of developing COPD using a case-control 
design in Gansu Province. The results showed that genetic polymorphisms in these genes were correlated with the 
occurrence of COPD in Gansu Province. However, this study has its limitations. Firstly, the sample size is limited, and 
further validation with an expanded sample size is necessary. Secondly, the study subjects were sourced from specific 
hospitals, potentially introducing selection bias. Thirdly, there might be recall bias in the collection of past information 
during the questionnaire survey. Lastly, as this study is a case-control design, establishing the temporal sequence of 
genetic polymorphisms and COPD is challenging. Future research should consider cohort and experimental studies to 
further validate these findings.

Conclusion
In conclusion, GSTP1 rs4147581C>G allele exhibited an elevated COPD risk, with CG and GG genotypes demonstrating 
higher susceptibility compared to the rs4147581CC genotype within the age>60 years, male, smoking population. 
Furthermore, the NLRP3 rs3806265T>C allele was linked to an increased COPD risk, with the TT genotype displaying 
a higher prevalence in the married and smoking populations compared to the rs3806265TC/CC genotype.

Abbreviations
COPD, chronic obstructive pulmonary disease; GSTP1, Glutathione S-transferase P1; NLRP3, NOD-like receptor 
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