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Background: Chronic Obstructive Pulmonary Disease (COPD) is influenced by both genetic and environmental factors, with chronic 
hypoxia playing a pivotal role in its pathogenesis. Peroxisome proliferator-activated receptor alpha (PPARA), a core regulator of the 
hypoxia pathway, exhibits genetic differentiation in high-altitude populations. This study aimed to investigate the association between 
PPARA gene polymorphisms and COPD susceptibility in Tibetan and Han populations in Gansu Province.
Methods: A case-control study design was employed. A total of 1276 participants (399 Tibetans and 877 Han Chinese) were recruited 
from Gansu province. Using Haploview software, four tag SNPs of the PPARA gene (rs135538, rs135539, rs135549, rs4253758) were 
selected. Genotyping was performed using the iMLDR (Improved Multiple Ligase Detection Reaction) multiplex SNP genotyping 
technique.
Results: In the Tibetan population, the rs135539A>C polymorphism under a dominant model was associated with an increased risk of 
COPD (CC+CA vs. AA: OR = 1.779, 95% CI: 1.080–2.903, P=0.024). In the Han population, rs135549T>C under a dominant model 
was associated with a reduced COPD risk (CC+CT vs. TT: OR = 0.719, 95% CI: 0.547–0.944, P = 0.017). The rs4253758T>C SNP 
exhibited a dual effect in Han Chinese: under an additive model, both TC (OR = 1.722, 95% CI: 1.504–2.813, P = 0.030) and CC (OR 
= 1.778, 95% CI: 1.083–2.922, P = 0.023) genotypes increased risk compared to the TT genotype. However, under a recessive model, 
the CC genotype was protective compared to TT+TC (OR = 0.572, 95% CI: 0.356–0.918, P = 0.021). No significant associations were 
found for other SNPs.
Conclusion: PPARA gene polymorphisms are associated with COPD susceptibility in a population-specific manner among Tibetan 
and Han populations in Gansu. The rs135539A>C variant increases COPD risk in Tibetans, whereas rs135549T>C and rs4253758T>C 
exert protective and dual effects, respectively, in the Han population.
Keywords: chronic obstructive pulmonary disease, PPARA, single nucleotide polymorphism, ethnicity

Introduction
Chronic Obstructive Pulmonary Disease (COPD) is a common respiratory disorder characterized by persistent airflow 
limitation and an abnormal chronic inflammatory response of the airways and lungs to noxious particles or gases.1,2 

Clinically, it presents with chronic cough, sputum production, and progressive dyspnea, following an irreversible course 
that imposes a substantial burden on patients, families, and society.3 According to the World Health Organization, the 
global prevalence and mortality of COPD remain high. In China alone, the prevalence among individuals aged 40 and 
above has reached 13.7%, showing a significant increase over the past decade.4 Historical data indicate that 
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approximately 400 million people were affected globally by 2011,5 and projections suggest this number will exceed 
600 million by 2050.6 Mortality has also risen, from 2.4 million in 1990 to 3.23 million in 2019—a 34% increase7—with 
annual deaths expected to reach 4.3 million by 2040.8 COPD is now the third leading cause of death worldwide.9

COPD pathogenesis results from a complex interplay between environmental exposures and individual genetic 
susceptibility.10 Tobacco smoke, including active smoking and secondhand exposure, is the primary environmental 
risk factor.11 Other key drivers include prolonged exposure to indoor and outdoor air pollutants such as biomass fuel, 
fumes, particulate matter (PM2.5), and ozone.12 Occupational exposure to organic/inorganic dust, chemical irritants, and 
vapors is another significant independent risk factor.13 Host factors, besides rare genetic defects like alpha-1 antitrypsin 
deficiency, include impaired lung development in early life, frequent childhood respiratory infections, and a history of 
asthma, all of which reduce lung function reserve and increase susceptibility to COPD in adulthood.14 Family and 
genome-wide association studies (GWAS) have identified multiple genetic loci associated with COPD susceptibility, 
confirming its polygenic nature.15,16 Among candidate genes, peroxisome proliferator-activated receptor alpha (PPARA) 
has recently attracted considerable attention.

Located on human chromosome 22q13.31, PPARA encodes the PPARα protein, a member of the nuclear receptor 
transcription factor superfamily. PPARα plays a central role in regulating lipid metabolism, energy homeostasis, 
inflammation, and oxidative stress.17,18 Notably, PPARA is also recognized as a key gene for high-altitude 
adaptation.19 It is closely linked to the hypoxia-inducible factor (HIF) oxygen-sensing pathway. Under normoxia, HIF- 
1α is degraded by prolyl hydroxylases (PHDs). During hypoxia, PHD activity is inhibited, leading to the accumulation of 
HIF-1α and HIF-2α, which translocate to the nucleus and activate the transcription of hypoxic adaptive genes, including 
PPARA.20,21 PPARA cooperates with HIF-2α and PHDs to regulate erythropoiesis, angiogenesis, and cellular energy 
metabolism, thereby enhancing oxygen utilization and survival under hypoxic conditions.20

The pathophysiological process of COPD is closely associated with chronic hypoxia. Airway obstruction and 
parenchymal destruction often lead to localized or systemic oxygen deficiency, which may persistently activate the 
HIF pathway and disrupt normal PPARA function. Studies show that PPARα activation can suppress key pro- 
inflammatory signaling pathways such as NF-κB, thereby attenuating pulmonary inflammation.22 It also enhances 
mitochondrial function via regulators like PGC-1α, countering oxidative stress-induced cellular damage.23,24 

Furthermore, as a master regulator of fatty acid oxidation, dysfunctional PPARα may lead to abnormal lipid metabolism 
in lung tissue, exacerbating cellular injury and death.25,26 Therefore, PPARA polymorphisms may influence its expression 
or activity, altering an individual’s capacity for inflammation control, oxidative stress resistance, and energy metabolism, 
ultimately affecting COPD risk.

Tibetans are one of the oldest high-altitude populations in the world, having inhabited the Qinghai-Tibet Plateau for 
thousands of generations. This prolonged exposure to chronic hypobaric hypoxia has driven unique genetic adaptations, 
including variants in genes involved in the hypoxia-inducible factor (HIF) pathway, such as PPARA.20,21 In contrast, the 
Han Chinese population predominantly resides at lower altitudes and has not experienced such sustained hypoxic 
selective pressure. These distinct environmental exposures and evolutionary histories provide a natural experiment to 
investigate gene–environment interactions in the pathogenesis of COPD. Specifically, comparing Tibetan and Han 
populations allows us to assess whether PPARA polymorphisms confer differential susceptibility to COPD under 
contrasting hypoxic conditions, thereby offering insights into the role of hypoxia adaptation genes in COPD 
development.

Based on this background, we hypothesize that PPARA single nucleotide polymorphisms (SNPs) are associated with 
COPD susceptibility in Tibetan and Han populations. To test this hypothesis, we employed a case-control design and 
used the iMLDR high-throughput genotyping technique to systematically analyze the distribution of four selected PPARA 
tag SNPs (rs135538, rs135539, rs135549, rs4253758) in Tibetan and Han populations from Gansu. We further investi
gated the correlation between these genetic variants and COPD risk, aiming to provide novel molecular evidence for the 
ethnic-specific genetic mechanisms of COPD and a theoretical basis for early screening and personalized prevention in 
this region.
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Methods
Sample Size Estimation and Study Population
Sample Size Estimation
This study is based on the hypothesis that PPARA gene polymorphisms show no statistically significant association with 
COPD in Tibetan and Han populations. To test this hypothesis, sample size estimation was performed using PASS 11.0 
statistical software. Estimation parameters are as follows: significance level α=0.05 (two-tailed test), statistical power (1- 
β)=0.8. Due to limited research on the association between PPARA and COPD, literature review18 was consulted. 
Referencing the exposure rate between PPARA SNPs and acute high-altitude pulmonary edema, an estimated value of 
0.25 was used, with a minimum estimated OR of 1. The following formula was applied:

Calculations indicate that 442 cases and 442 controls are required for each of the Tibetan and Han ethnic groups, totaling 
1768 cases. However, due to the challenges in conducting the baseline survey, the study ultimately enrolled only 1276 
subjects.

Study Population
This case-control study aimed to investigate the association between PPARA gene polymorphisms and susceptibility to 
COPD in Tibetan and Han populations in Gansu Province. Han subjects were consecutively recruited from COPD 
patients and concurrent healthy examinees at the Department of Pulmonary Diseases, Affiliated Hospital of Gansu 
University of Chinese Medicine, Lanzhou City, Gansu Province. Tibetan subjects were selected from a natural population 
cohort in Tianzhu County, Wuwei City, Gansu Province. A total of 1276 subjects were enrolled, comprising 164 Tibetan 
COPD cases and 235 controls, alongside 439 Han COPD cases and 438 Han controls.

The study was conducted per the Declaration of Helsinki and approved by the Institutional Review Board of 
Guangzhou Medical University Center (Approval No.: 202405010). Written informed consent was obtained from all 
participants.

COPD Diagnosis and Pulmonary Function Testing
According to the 2023 Global Initiative for Chronic Obstructive Pulmonary Disease (GOLD), COPD is considered 
diagnosed when risk factors associated with dyspnea, cough, sputum production, and smoking are present, and the ratio 
of forced expiratory volume in one second (FEV1) to forced vital capacity (FVC) measured 30 minutes after inhaling 
400 µg of salbutamol is less than 70%. Lung function testing was performed using the EasyOne spirometer (NDD 
Medizintechnik AG, Switzerland) according to the manufacturer’s instructions.27

Exclusion Criteria: (1) Presence of contraindications for pulmonary function testing: history of surgery, cardiovas
cular disease, or severe concomitant illnesses; (2) Respiratory diseases such as asthma, bronchial asthma, chronic 
bronchitis, or emphysema; (3) Inability to complete the survey questionnaire.

SNP Selection and Genotyping
Potential risk SNPs were identified from the dbSNP database (http://www.ncbi.nlm.nih.gov/SNP) using the following 
criteria: located within PPARA or its 2000 bp flanking regions, minor allele frequency (MAF) > 0.05 in the Chinese 
population, and low linkage disequilibrium (LD, r2 < 0.8). Four SNPs were selected for analysis: rs135538C>G, 
rs135539A>C, rs135549T>C, and rs4253758T>C (Table 1 and Figure 1). Genomic DNA was extracted from peripheral 
blood samples using the Tiangen Blood Genomic DNA Extraction Kit (DP349). Genotyping was performed using the 
TaqMan-MGB probe method. To ensure reliability, a negative control was included on each plate, and 10% of samples 
were randomly selected for repeat genotyping (Kappa ≥ 0.80).
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Quantitative Real-Time PCR
PCR reaction mixtures were prepared using the Takara Premix Ex Taq™ (Probe qPCR) kit, vortexed for 15 seconds, and 
briefly centrifuged. A standard DNA concentration of 30 ng/μL was used. In each well of a 384/96-well plate, 18.5 μL of 
PCR reaction mix was combined with 1.5 μL of DNA template. The plate was sealed, briefly centrifuged at 2000 rpm for 
2 minutes, and placed in a 7900 HT or StepOnePlus Real-Time PCR System. The thermal cycling conditions were as 
follows: pre-read → pre-denaturation at 95°C for 10 min → 40 cycles of denaturation at 95°C for 15s and annealing/ 
extension at 60°C for 1 min → final extension at 60°C for 1 min → post-read.

Statistical Analysis
Baseline characteristics between cases and controls were compared using Pearson’s chi-square test. The association 
between genetic polymorphisms and COPD susceptibility was assessed using multivariate logistic regression, adjusting 
for sex, age, smoking, alcohol consumption, education level, and hypertension. The Akaike Information Criterion (AIC) 
was used to select the best-fitting genetic model (lowest AIC). Stratified analyses and interaction tests were performed by 
sex, age, BMI, education, marital status, smoking, and alcohol use. Heterogeneity across subgroups was evaluated using 
the Breslow-Day test, and pooled effect sizes were calculated using the Cochran-Mantel-Haenszel (CMH) test. All 
analyses were conducted using SPSS 27.0, with a two-sided P < 0.05 considered statistically significant.

Table 1 Selected tag SNPs of the PPARA Gene

SNP Chromosomal Positiona Region MAFb

rs135538 (C>G) Chr22:46564628 intron2 0.466

rs135539 (A>C) Chr22:46559267 intron2 0.445

rs135549 (T>C) Chr22:46553308 intron2 0.207

rs4253758 (T>C) Chr22:46616732 intron7 0.281

Notes: aHuman Reference Genome GRCh37, bMinimum allele frequency in the 
1000 Genomes Phase 3 database.

Figure 1 Linkage disequilibrium plot of the PPARA gene.
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Results
Demographic Characteristics
As shown in Table 2, significant differences were observed between Tibetan and Han groups in the distribution of sex, 
age, and smoking status (P < 0.05) (Supplementary Tables 1 and 2).

Association of PPARA SNPs with COPD Susceptibility
After adjusting for gender, age, smoking, alcohol consumption, education level, and hypertension, logistic regression 
results showed that in the Tibetan population, the rs135539A>C locus was associated with a 77.9% increased risk of 
COPD in the dominant model (CC+CA vs. AA: OR = 1.779, 95% CI: 1.080–2.903, P = 0.024). In the Han Chinese 
population, rs135549T>C was associated with a 28.1% reduction in COPD risk in the dominant model (CC+CT vs. TT: 
OR = 0.719, 95% CI: 0.547–0.944, P = 0.017); rs4253758T>C exhibited dual effects: In the additive model among Han 
Chinese, individuals with the TC genotype had a 72.2% increased risk of COPD compared to those with the wild-type TT 
genotype (TC vs. TT: OR = 1.722, 95% CI = 1.504–2.813, P = 0.030), while those with the CC genotype had a 77.8% 
increased risk (CC vs. TT: OR=1.778, 95% CI=1.083–2.922, P=0.023); In the recessive model among the Han Chinese 
population, individuals with the CC genotype had a 42.8% lower risk of developing COPD compared to those with the 
TT+TC genotype (CC vs. TT+TC: OR=0.572, 95% CI=0.356–0.918, P=0.021) (Table 3 and Supplementary Tables 3–6).

Table 2 Demographic Characteristics of Tibetan and Han Populations

Ethnic Group Variables Total Case Group, n (%) Control Group, n (%) χ2 P-value

Tibeta n=164 n=235

Gender 7.544 0.008*

Male 179 87(53.0) 92(39.1)

Female 220 160(53.9) 136(46.6)

Age 14.114 <0.001*

≤60 241 81(49.4) 160(68.1)

>60 158 83(50.6) 75(31.9)

Smoking 11.625 <0.001*

Yes 103 57(34.8) 46(19.6)

No 296 107(65.2) 189(80.4)

Han Chinese n=439 n=438

Gender 62.970 <0.001*

Male 442 280(63.5) 162(37.0)

Female 435 159(36.2) 276(63.0)

Age 77.012 <0.001*

≤60 502 187(42.6) 315(71.9)

>60 375 252(57.4) 123(28.1)

Smoking 3.930 0.047*

Yes 596 154(35.1) 127(29.0)

No 281 285(64.9) 311(71.0)

Note: *Statistically significant parameters.
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Stratified and Interaction Analysis for PPARA rs135539A>C
Stratified analysis for rs135539A>C in the Tibetan population (Table 4) showed no significant heterogeneity or multi
plicative interaction across subgroups (P-heterogeneity > 0.05, P-interaction > 0.05). The combined CA+CC genotype 
exhibited a protective effect in males (OR = 0.587, 95% CI: 0.355–0.971), individuals aged >60 (OR = 0.592, 95% CI: 
0.357–0.981), and non-smokers (OR = 0.562, 95% CI: 0.339–0.932).

Table 3 Association Analysis of rs135539A>C, rs135549T>C, and rs4253758T>C with COPD Susceptibility in Tibetan and Han 
Populations

Ethnic Group Models Genotype Case 
Group n (%)

Control 
Group n (%)

Corrected 
ORa 95% CI

Pa AIC

Tibeta (n=399) rs135539A>C

Additionality AA 28(17.1) 63(26.8) 1.000(ref.)

CA 92(56.1) 112(47.7) 1.650(0.914–2.980) 0.097

CC 44(26.8) 60(25.5) 0.893(0.554–1.438) 0.641 534.881

Dominant AA 28(17.1) 63(26.8)

CC+CA 136(82.9) 172(73.2) 1.779(1.080–2.930) 0.024* 535.099

Implicit AA+CA 120(73.2) 175(74.5)

CC 44(26.8) 60(25.5) 1.034(0.825–1.297) 0.771 540.346

Han Chinese (n=877) rs135549T>C

Additionality TT 285(64.9) 250(57.1) 1.000(ref.)

CT 136(31.0) 162(37.0) 0.607(0.325–1.134) 0.118

CC 18(4.1) 26(5.9) 0.825(0.434–1.568) 0.557 1209.755

Dominant TT 285(64.9) 250(57.1)

CC+CT 154(35.1) 188(42.9) 0.719(0.547–0.944) 0.017* 1210.103

Implicit TT+CT 421(95.9) 412(94.1)

CC 18(4.1) 26(5.9) 1.476(0.797–2.733) 0.216 1214.220

Han Chinese (n=877) rs4253758T>C

Additionality TT 210(47.8) 217(49.5) 1.000(ref.)

TC 179(40.8) 191(43.7) 1.722(1.504–2.813) 0.030*

CC 50(11.4) 30(6.8) 1.778(1.083–2.922) 0.023* 1214.220

Dominant TT 210(47.8) 217(49.5)

CC+TC 229(52.2) 221(50.5) 1.071(0.822–1.395) 0.613 1210.223

Implicit CC 50(11.4) 30(6.8)

TT+TC 389(88.6) 408(93.2) 0.572(0.356–0.918) 0.021* 1210.274

Notes: *Statistically significant parameters. aLogistic 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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Stratified and Interaction Analysis for PPARA rs135549T>C
For rs135549T>C in the Han population (Table 5), no significant heterogeneity or interaction was observed. The CT+CC 
genotype was associated with increased COPD risk in males (OR = 1.418, 95% CI: 1.068–1.882), those aged >60 (OR = 
1.367, 95% CI: 1.030–1.815), and non-smokers (OR = 1.385, 95% CI: 1.054–1.820).

Table 4 Stratified Analysis and Interaction Analysis for rs135539A>C in the Tibetan Population

Case Group (n=164) Control Group (n=235) CA+CC vs.AA P Inter
d

AA, n (%) CA+CC, n (%) AA, n (%) CA+CC, n (%) OR (95% CI)a PHomo
b ORCMH95(% CI)c PCMH

Gender

Male 13(14.9) 74(85.1) 21(22.8) 71(77.2) 0.594(0.277–1.276) 0.968 0.587(0.355–0.971) 0.037* 0.968

Female 15(19.5) 62(80.5) 42(29.4) 101(70.6) 0.582(0.298–1.136)

Age

≤60 16(19.8) 65(80.2) 45(28.1) 115(71.9) 0.629(0.330–1.201) 0.760 0.592(0.357–0.981) 0.040* 0.760

>60 12(14.5) 71(85.5) 18(24.0) 57(76.0) 0.535(0.238–1.202)

BMI

<18.5 0(0.0) 5(100.0) 4(44.4) 5(55.6) 2.000(1.076–3.717) 0.368 0.560(0.304–0.922) 0.021* 1.000

18.5-24 14(19.2) 59(80.8) 27(28.4) 68(71.6) 0.598(0.287–1.245)

≥24 14(16.3) 72(83.7) 32(24.4) 99(75.6) 0.602(0.299–1.208)

Education level

Primary school or below 13(13.0) 87(87.0) 36(26.1) 102(73.9) 0.423(0.211–0.849) 0.315 0.571(0.347–0.940) 0.026* 0.320

Middle or High school 8(28.6) 20(71.4) 11(26.2) 31(73.8) 1.127(0.387–3.287)

College or above 7(20.0) 28(80.0) 16(29.1) 39(70.9) 0.609(0.221–1.677)

Marital status

Married 26(17.8) 120(82.2) 59(27.1) 159(72.9) 0.584(0.348–0.981) 0.546 0.591(0.357–0.978) 0.039* 0.959

Spinsterhood 1(50.0) 1(50.0) 0(0.0) 1(100.0) 2.000(0.500–7.997)

Bereaved spouse 1(6.2) 15(93.8) 2(14.3) 12(85.7) 0.400(0.032–4.960)

Divorced 2(100.0) -e

Smoking status

Yes 10(17.5) 47(82.5) 12(26.1) 34(73.9) 0.603(0.234–1.556)

No 18(16.8) 89(83.2) 51(27.0) 138(73.0) 0.547(0.300–0.997) 0.866 0.562(0.339–0.932) 0.025* 0.866

Drink

Yes 6(20.7) 23(79.3) 5(16.1) 26(83.9) 1.357(0.365–5.041)

No 22(16.3) 113(83.7) 58(28.4) 146(71.6) 0.490(0.283–0.848) 0.154 0.568(0.345–0.937) 0.026* 0.161

Notes:*Statistically significant parameters.aAdjusted for covariates other than the factor under study. bBreslow-Day test for heterogeneity. cCochran-Mantel-Haenszel test. 
dMultiplicative interaction. e: Statistics were not calculated because there was a constant relationship among the AA, CA+CC genotypes and COPD groups under the 
dominant model for rs135539A>C. 
Abbreviations: OR, dominance ratio; CI, confidence interval; BMI, Body mass index.
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Stratified and Interaction Analysis for PPARA rs4253758T>C
For rs4253758T>C in the Han population (Table 6), no significant heterogeneity or interaction was found. The TT+TC 
genotype was associated with increased COPD risk in males (OR = 1.932, 95% CI: 1.171–3.187), individuals aged >60 
(OR = 1.641, 95% CI: 1.006–2.677), and non-smokers (OR = 1.787, 95% CI: 1.109–2.881).

Table 5 Stratified Analysis and Interaction Analysis for rs135549T>C in the Han Chinese Population

Case Group (n=439) Control Group (n=438) CA+CC vs.AA P Inter
d

TT, n (%) CT+CC, n (%) TT, n (%) CT+CC, n (%) OR (95% CI)a PHomo
b ORCMH95(% CI)c PCMH

Gender

Male 179(63.9) 101(36.1) 92(56.8) 70(43.2) 1.348(0.908–2.002) 0.724 1.418(1.068–1.882) 0.016* 0.724

Female 106(66.7) 53(33.3) 158(57.2) 118(42.8) 1.494(0.994–2.244)

Age

≤60 114(61.0) 73(39.0) 185(58.7) 130(41.3) 1.097(0.758–1.588) 0.066 1.367(1.030–1.815) 0.029* 0.066

>60 171(67.9) 81(32.1) 65(52.8) 58(47.2) 1.884(1.211–2.930)

BMI

<18.5 8(80.0) 2(20.0) 7(41.2) 10(58.8) 5.714(0.920–35.476) 0.279 1.381(1.051–1.813) 0.020* 0.457

18.5-24 114(64.0) 64(36.0) 108(57.4) 80(42.6) 1.319(0.866–2.010)

≥24 162(64.8) 88(35.2) 135(57.9) 98(42.1) 1.366(0.925–1.930)

Education level

Primary school or below 118(60.8) 76(39.2) 88(57.1) 66(42.9) 1.164(0.757–1.790) 0.131 1.411(1.073–1.856) 0.013* 0.132

Middle or High school 93(72.7) 35(27.3) 56(50.5) 55(49.5) 2.610(1.524–4.470)

College or above 74(63.2) 43(36.8) 106(61.3) 67(38.7) 1.088(0.670–1.766)

Marital status

Married 268(64.4) 148(35.6) 237(57.4) 176(42.6) 1.345(1.016–1.779) 0.247 1.393(1.061–1.829) 0.017* 0.622

Spinsterhood 1(50.0) 1(50.0) 2(100.0) 0(0.0) 0.333(0.067–1.652)

Bereaved spouse 14(73.7) 5(26.3) 9(45.0) 11(55.0) 3.422(0.888–13.183)

Divorced 2(100.0) 0(0.0) 2(66.7) 1(33.3) 0.500(0.188–1.332)

Smoking status

Yes 100(64.9) 54(35.1) 76(59.8) 51(40.2) 1.243(0.765–2.019)

No 185(64.9) 100(35.1) 174(55.9) 137(44.1) 1.457(1.047–2.027) 0.596 1.385(1.054–1.820) 0.019* 0.596

Drink

Yes 44(65.7) 23(34.3) 32(54.2) 27(45.8) 1.614(0.787–3.312)

No 241(64.8) 131(35.2) 218(57.5) 161(42.5) 1.359(1.012–1.824) 0.664 1.393(1.061–1.829) 0.017* 0.664

Notes:*Statistically significant parameters.a Adjusted for covariates other than the factor under study. bBreslow-Day test for heterogeneity. cCochran-Mantel-Haenszel test. 
dMultiplicative interaction. 
Abbreviations: OR, dominance ratio; CI, confidence interval; BMI, Body mass index.
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Association Between SNP Genotypes and COPD Severity
COPD severity was graded based on post-bronchodilator FEV1% predicted: mild (≥80%), moderate (50–79%), severe 
(30–49%), and very severe (<30%). As shown in Table 7, no significant associations were found between rs135539A>C, 
rs135549T>C, or rs4253758T>C genotypes and COPD severity in their respective populations (all P > 0.05, Kruskal– 
Wallis H-test).

Table 6 Stratified Analysis and Interaction Analysis for rs4253758T>C in the Han Chinese Population

Case Group (n=439) Control Group (n=438) CC vs.TT+TC P Inter
d

CC, n (%) TT+TC, n (%) CC, n (%) TT+TC, n (%) OR (95% CI)a PHomo
b ORCMH95(% CI)c PCMH

Gender

Male 31(11.1) 249(88.9) 7(4.3) 155(95.7) 2.757(1.185–6.413) 0.252 1.932(1.171–3.187) 0.010* 0.257

Female 19(11.9) 140(88.1) 23(8.3) 253(91.7) 1.493(0.786–2.836)

Age

≤60 21(11.2) 166(88.8) 19(6.0) 296(94.0) 1.971(1.030–3.772) 0.424 1.641(1.006–2.677) 0.043* 0.425

>60 29(11.5) 223(88.5) 11(8.9) 112(91.1) 1.324(0.638–2.748)

BMI

<18.5 0(0.0) 10(100.0) 1(5.9) 16(94.1) 1.625(1.199–2.202) 0.590 1.739(1.082–2.795) 0.021* 1.000

18.5-24 21(11.8) 157(88.2) 13(6.9) 175(93.1) 1.801(0.873–3.716)

≥24 29(11.6) 221(88.4) 16(6.9) 217(93.1) 1.780(0.940–3.370)

Education level

Primary school or below 22 (11.3) 172(88.7) 15(9.7) 139(90.3) 1.185(0.593–2.371) 0.439 1.652(1.027–2.656) 0.036* 0.441

Middle or High school 17(13.3) 111(86.7) 7(6.3) 104(93.7) 2.275(0.907–5.709)

College or above 11(9.4) 106(90.6) 8(4.6) 165(95.4) 2.140(0.834–5.495)

Marital status

Married 48(11.5) 368(88.5) 29(7.0) 384(93.0) 1.727(1.066–2.799) 0.191 1.739(1.083–2.792) 0.020* 1.000

Spinsterhood 0(0.0) 2(100.0) 1(50.0) 1(50.0) 3.000(0.606–14.864)

Bereaved spouse 2(10.5) 17(89.5) 0(0.0) 20(100.0) 2.176(1.535–3.087)

Divorced 2(100.0) 3(100.0) -e

Smoking status

Yes 18(11.7) 136(88.3) 4(3.1) 123(96.9) 4.070(1.341–12.358)

No 32(11.2) 253(88.8) 26(8.4) 285(91.6) 1.386(0.804–2.390) 0.081 1.787(1.109–2.880) 0.016* 0.088

Drink

Yes 9(13.4) 58(86.6) 2(3.4) 57(96.6) 4.422(0.915–21.367)

No 41(11.0) 331(89.0) 28(7.4) 351(92.6) 1.553(0.939–2.569) 0.202 1.752(1.091–2.815) 0.019* 0.215

Notes:*Statistically significant parameters.aAdjusted for covariates other than the factor under study. bBreslow-Day test for heterogeneity. cCochran-Mantel-Haenszel test. 
dMultiplicative interaction. e: Statistics were not calculated because there was a constant relationship among the AA, CA+CC genotypes and COPD groups under the 
dominant model for rs135539A>C. 
Abbreviations: OR, dominance ratio; CI, confidence interval; BMI, Body mass index.

International Journal of Chronic Obstructive Pulmonary Disease 2026:21                                                https://doi.org/10.2147/COPD.S590361                                                                                                                                                                                                                                                                                                                                                                                                       9

Gao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Discussion
Genetic polymorphisms are considered to be closely associated with the genetic variation of COPD. Currently, there are 
few studies on the relationship between PPARA gene polymorphisms and COPD. To elucidate the role of PPARA 
polymorphisms in COPD development, we investigated the association between four PPARA gene SNPs (rs135538C>G, 
rs135539A>C, rs135549T>C, rs4253758T>C) and COPD risk in a Gansu Tibetan population in China. Notably, the 
distribution of PPARA gene polymorphisms and COPD susceptibility differed between Tibetan and Han populations in 
Gansu. Three SNPs (rs135539A>C, rs135549T>C, rs4253758T>C) in the PPARA gene showed higher susceptibility in 
individuals aged >60 years, males, and smokers (P<0.05). Among the Tibetan population, the rs135539A>C allele was 
associated with increased COPD risk, with CC+CA genotypes exhibiting higher susceptibility than AA (P<0.05). Among 
the Han population, the rs135549T>C allele was associated with reduced COPD risk, with CC+CT genotypes showing 
higher susceptibility than TT (P<0.05). rs4253758T>C exhibited dual effects in the Han Chinese population: increased 
COPD risk in the additive model (TC or CC genotypes showed higher susceptibility than TT genotype, P<0.05), and 
decreased COPD risk in the recessive model (CC genotype showed lower susceptibility than TT+TC genotypes, P<0.05). 
rs135538C>G was not associated with COPD severity.

PPARA, as a nuclear receptor transcription factor, plays a pivotal role in inflammation, oxidative stress, and lipid 
metabolism, contributing to the progression of COPD.28–30 COPD patients often exhibit reduced airway oxygen partial 
pressure, creating a chronic hypoxic environment that activates the HIF oxygen-sensitive pathway, leading to the 
accumulation and activation of HIF-1α and HIF-2α.31,32 The PPARA gene is a crucial regulator of the HIF pathway. 
Under hypoxic conditions, it interacts with HIF-2α and PHD to regulate erythropoiesis and angiogenesis, enhance energy 
and oxygen utilization, and mitigate hypoxic injury.33,34

In this study, we found that in the Tibetan population dominant model, individuals carrying the CC+CA genotype had 
a 77.9% increased risk of developing COPD compared to those with the wild-type AA genotype (CC+CA vs. AA: 
OR=1.779, 95% CI=1.080–2.930, P=0.024). The rs135539A>C variant is located within an intron region of the PPARA 
gene, a non-coding segment of DNA situated between exons.35 Early studies suggested introns lacked biological function 
as mere non-coding sequences; however, current research indicates introns participate in splicing processes, influencing 
mature mRNA formation.36,37 Regulatory elements within introns modulate splicing sites and efficiency, thereby 
regulating gene expression. The Fast study38 suggests introns may contain regulatory sequences such as transcription 
start sites, enhancers, and suppressors, directly influencing transcriptional control. Xie et al39 demonstrated that the 

Table 7 Distribution of SNP Genotypes by COPD Severity [n(%)]

Mild n (%) Moderate n (%) Severe n (%) Extremely Severe n (%) Z P-value

rs135539A>C (Tibeta)

AA 62(60.2) 33(70.2) 6(85.7) 0(0.0) 7.856 0.239

CA 37(35.9) 12(25.5) 1(14.3) 1(100.0)

CC 4(3.9) 2(4.3) 0(0.0) 0(0.0)

rs135549T>C(HAN)

TT 126(68.1) 95(63.3) 15(57.7) 6(50.0) 3.611 0.721

CT 51(27.6) 50(33.4) 10(38.5) 5(41.7)

CC 4(3.9) 5(3.3) 1(3.8) 1(8.3)

rs4253758T>C(HAN)

TT 101(54.6) 62(41.3) 12(46.2) 8(66.7) 10.679 0.096

TC 60(32.4) 72(48.0) 12(46.2) 3(25.0)

CC 24(13.0) 16(10.7) 2(7.6) 1(8.3)
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rs135539A>C mutation may suppress PPARA expression, thereby increasing COPD susceptibility. While no direct 
studies have yet established an association between rs135539A>C and COPD risk, research indicates its involvement 
in inflammation regulation, oxidative stress, lung development, and apoptosis.40,41 Bitos et al42 demonstrated that COPD 
symptoms resemble those observed in populations chronically exposed to high-altitude hypoxic environments, suggesting 
hypoxia plays a role in COPD pathogenesis. Compared to Han Chinese populations, Tibetan populations possess unique 
genetic backgrounds with differences in certain genetic polymorphisms. The rs135539A>C variant is more prevalent in 
Tibetan populations and exhibits stronger effects. Living in high-altitude regions, the Tibetan population faces unique 
environmental challenges such as hypoxia and cold temperatures. These environmental factors may interact with the 
rs135539A>C variant, jointly affecting PPARA gene expression and function, thereby increasing COPD susceptibility. 
Hypoxic environments exacerbate lung injury and inflammatory responses, while the rs135539A>C variant further 
impairs the lungs’ adaptive capacity to these environmental stresses. The PPARα receptor encoded by the PPARA 
gene plays a crucial role in fatty acid oxidation and energy metabolism.43 In the Tibetan population, the rs135539A>C 
variant may influence COPD susceptibility by affecting PPARα function, thereby disrupting pulmonary adaptation to 
hypoxia and energy metabolism processes.44 Therefore, the role of rs135539A>C in the Tibetan population may differ 
from that in the Han Chinese population. Additionally, specific environmental factors and lifestyle characteristics in the 
Gansu region may also influence the relationship between this variant and COPD.

Our study found that in the dominant model among Han Chinese, individuals carrying the CC+CT genotype had 
a 28.1% lower risk of developing COPD compared to those with the wild-type TT genotype (CC+CT vs. TT: OR=0.719, 
95% CI=0.547–0.944, P=0.017), indicating that the C allele at rs135549T>C is associated with a reduced risk of COPD 
in the Han Chinese population. The PPARA gene is a key regulator of fatty acid metabolism, involved in crucial 
biological processes such as fatty acid oxidation and inflammatory responses.45,46 PPARA also functions as a key anti- 
inflammatory factor by suppressing the production and release of inflammatory mediators.47 Zhang et al48 demonstrated 
that the C allele may downregulate PPARA gene expression, thereby affecting fatty acid metabolism and inflammatory 
regulation. Dubois et al49 showed that the C allele alters PPARA protein function, impacting its regulatory effects on 
target genes. In the Han Chinese population, this variant may reduce COPD risk by enhancing PPARA activity, thereby 
strengthening lung cells’ resistance to oxidative stress and inflammation. This anti-inflammatory effect may be particu
larly pronounced in Han Chinese, synergizing with regional environmental factors and lifestyle to maintain lung health.

We found that in the additive model among Han Chinese, individuals carrying the TC genotype at rs4253758T>C had 
a 72.2% increased risk of COPD compared to those with the wild-type TT genotype (TC vs. TT: OR=1.722, 95% 
CI=1.504–2.813, P=0.030), while those with the CC genotype had a 77.8% increased risk (CC vs. TT: OR=1.778, 95% 
CI=1.083–2.922, P=0.023). In the recessive model among Han Chinese, the rs4253758T>C variant was associated with 
a 42.8% reduced risk of COPD in CC genotype carriers compared to TT+TC genotype carriers (CC vs. TT+TC: 
OR=0.572, 95% CI=0.356–0.918, P=0.021). The rs4253758T>C variant exhibits dual effects in the Han Chinese 
population. This may arise because PPARα, encoded by the PPARA gene, regulates lipid metabolism, inflammatory 
responses, and cell proliferation. Variants at the rs4253758 site may enhance protein function or alter expression levels, 
thereby influencing lung tissue resistance to oxidative stress and inflammatory damage.50 This phenomenon highlights 
the importance of race-environment interactions in the role of genetic factors in disease susceptibility.51 Furthermore, this 
dual effect may also be associated with interactions involving multiple factors such as other genetic backgrounds, 
lifestyle, environmental exposures, and epigenetic modifications. Future studies need to further explore these potential 
mechanisms.

In summary, this study identified associations between rs135539A>C, rs135549T>C, and rs4253758T>C variants and 
COPD susceptibility by regulating PPARA gene expression levels, thereby influencing downstream fatty acid oxidation, 
inflammation suppression, and HIF pathway homeostasis. The dual effect of rs4253758T>C demonstrates the impact of 
PPARA gene-environment interactions on disease outcomes. This study provides a plausible biological framework for 
interpreting genetic association results, positioning the PPARA gene at the core of the link between hypoxic adaptation, 
metabolic regulation, and COPD pathogenesis. It offers important scientific evidence for identifying early diagnostic 
biomarkers and screening susceptible populations for COPD. However, this study has certain limitations. Our current 
research focused only on four loci of the PPARA gene and did not conduct a comprehensive analysis. Furthermore, large- 
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scale cohort studies and functional studies are needed to fully understand the specific mechanisms of the PPARA gene in 
COPD.

Conclusion
This case-control study is the first to systematically demonstrate population-specific associations between PPARA gene 
polymorphisms and COPD susceptibility among Tibetan and Han populations in Gansu, China. The rs135539A>C 
variant increases COPD risk in Tibetans, whereas rs135549T>C confers protection and rs4253758T>C shows a dual role 
in Han Chinese. These findings underscore the importance of considering ethnic background in genetic studies of 
complex diseases like COPD and provide valuable molecular epidemiological insights for developing population-specific 
strategies for COPD prevention and precision medicine.
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