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Abstract

Background: The occurrence and development of chronic obstructive pulmonary disease (COPD) are regulated by environmental and
genetic factors. In hypoxia, Erythropoietin (EPO) satisfies the body’s need for oxygen by promoting the production of red blood cells.
Hypoxia was proven to be a common physiological condition in COPD progression and associated with many complications. Some
studies have found that EPO is involved in the development of COPD. But the mechanism has not been fully proven. Methods: We
conducted a case-control study enrolled 1095 COPD patients and 1144 healthy controls in Guangdong Province to evaluate the associa-
tion between EPO polymorphisms (rs1617640 A>C, rs507392 A>G, rs564449 G>T) and COPD susceptibility. 872 participants from
southern Gansu Province were recruited to verify the effect of EPO polymorphisms on lung function. Results: EPO rs1617640 C allele
reduced COPD susceptibility in southern Chinese significantly (AC vs. AA: adjusted Odds ratio (OR) = 0.805, 95% CI = 0.669–0.969;
AC+CC vs. AA: adjusted OR = 0.822, 95%CI = 0.689–0.980). However, there was no association between rs507392 A>G and rs564449
G>T polymorphisms and COPD susceptibility (p > 0.05). We further observed that the rs1617640 C allele was associated with higher
FEV1 and FVC in Guangdong and Gansu populations significantly (both p < 0.05). In brief, the level of FEV1 and FVC increased
with the C allele number. We modeled the relative risk for men and women, in which the population-attributable risks chances were
0.449 (0.258–0.641) and 0.262 (0.128–0.396) respectively. In this model, smoking status, coal as fuels, education level, and rs1617640
A>C were finally retained for males, while smoking status, biomass as fuels, and1617640 A>C were retained for females. In the end,
using the method developed by Gail and Bruzzi, we fitted a 10-year absolute risk model for southern Chinese with different individual
relative risks, which was presented as a table. Conclusions: In conclusion, this study found that EPO rs1617640 A>C polymorphism
is associated with COPD susceptibility in southern Chinese, and the C allele was associated with better lung function. In addition, it
could also be considered a genetic marker associated with environmental factors to predict the absolute 10-year risk of COPD in southern
Chinese.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is the
most common pulmonary disease characterized by small
airway lesions and chronic respiratory symptoms and con-
tinuous airflow restriction [1]. Its common pathologi-
cal features include bronchiolitis and destruction of lung
parenchyma (emphysema) [1]. COPD usually progresses
slowly, often leading to the neglect of early treatment and
prevention [2]. Thus, when the disease is brought to the
patients’ attention, it has usually progressed to the third

or fourth stage and may be accompanied by complications
[3]. It is estimated that 4.5 million deaths yearly will be
attributed to COPD by 2030 [4], and it is on track to be-
come the third leading cause of death worldwide [5]. Due
to the prolonged course and the high prevalence of the dis-
ease, COPD will also place a heavy burden on the global
healthcare economy.

COPD is considered to be a process of chronic hypoxia
and chronic systemic inflammation with complex patho-
genesis. It is reported that environmental and genetic fac-
tors affect the risk of COPD jointly [6,7]. It is well known
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that smoking is a recognized risk factor for COPD, still,
this proportion in long-term smokers is only 10%–20%,
and there is a considerable proportion of non-smoker peo-
ple diagnosed with COPD, which indicates the importance
of genetic factors in COPD [3]. With the development
of genome-wide association analysis (GWAS), Pillai and
colleagues first found that the single nucleotide polymor-
phisms (SNPs) of CHRNA3/CHRNA5/IREB2 located on
chromosome 15q25 were associated with COPD signifi-
cantly [8]. Since then, GWAS at home and abroad have re-
ported lots of genes influencing susceptibility to COPD suc-
cessively [9–11]. However, there is still largely unknown
in the genetic etiology of COPD.

Erythropoietin (EPO) stimulated by Hypoxia is a
recognized hematopoietic cytokine that can control the
oxygen-carrying capacity of blood and enhance ventilatory
function under hypoxic conditions [12–14]. EPO was ob-
served to play anti-inflammatory, anti-apoptosis, and anti-
oxidant/fibrosis roles in the lung by interacting with inflam-
mation, apoptosis, oxidative stress, or fibrosis-related path-
ways [15–20]. Some studies indicated that the expression of
EPO was correlated with the severity of COPD positively,
while correlated with the pulmonary function index FEV1

negatively [21–23]. In addition, it has been pointed out that
an increase in EPO levels can be observed in exacerbations
of COPD [24,25]. Based on the evidence above, we hy-
pothesized that EPOmay be involved in the occurrence and
development of COPD.

Therefore, we conducted a case-control study enrolled
1095 COPD patients and 1144 healthy controls in several
hospitals in Guangdong to evaluate the association between
EPO polymorphisms (rs1617640 A>C, rs507392 A>G,
rs564449 G>T) and COPD susceptibility. 872 participants
were recruited from a prevalence study performed in Gansu
Province to verify the effect ofEPO polymorphisms on lung
function. Using the method developed by Gail and Bruzzi,
we fitted a 10-year absolute risk model for southern Chi-
nese.

2. Materials and Methods
2.1 Study Population

We had performed a case-control study among Han
Chinese that included 1095 COPD patients and 1144
healthy controls in several hospitals inGuangdong Province
(Songshan Lake Central Hospital of Dongguan, the Dong-
guan Binhaiwan Central Hospital, and the Shenzhen
Longhua District Central Hospital) during 2015 to 2019,
to evaluate the association between EPO polymorphisms
(rs1617640 A>C, rs507392 A>G, rs564449 G>T) and
COPD susceptibility. In addition, we used the electronic
medical records of the above institutions from 2016 to 2020
to conduct a clinical cohort study to calculate the incidence
of COPD.

872 participants, from a prevalence study in Zhuoni
County of Gannan Tibetan Autonomous Prefecture of

Gansu Province in 2019, was recruited to verify the effect
of EPO polymorphisms on lung function.

All subjects from case-control study and prevalence
study received the lung function test and the respiratory
health questionnaire (including their demographic charac-
teristics and environmental exposure factors, like educa-
tion level and smoking status) for collecting their demo-
graphic characteristics and environmental exposure infor-
mation [26]. We also obtained their 5 mL peripheral blood
for genotyping after they signed informed consent.

This study was reviewed by the Ethics Committee of
Guangzhou Medical University, Xi’an Jiaotong University
and Gansu University of Chinese Medicine.

2.2 COPD’s Diagnostic Criteria and Lung Function Test
According to theGlobal Initiative for Chronic obstruc-

tive pulmonary disease 2019 [27], we diagnosed COPD if
participants experienced respiratory symptoms like cough-
ing, expectoration, dyspnea and wheezing in their daily
lives, and the ratio of forced expiratory volume in 1 second
(FEV1) to forced vital capacity (FVC) after inhaling of 400
µg salbutamol for half an hour was less than 70%. The lung
function was measured by the EasyOne Spirometer (NDD
Medizintechnik AG, Zurich, Switzerland) following the in-
strument instructions.

2.3 SNPs Selection and Genotyping
Potential risk SNPs are screened through the dbSNP

database (http://www.ncbi.nlm.nih.gov/SNP) based on the
following criterion: SNPs were limited in the region be-
tween 2000bp upstream and downstream of EPO; the mi-
nor allele frequencies (MAFs) were more than 0.05 in the
Chinese population; the linkage disequilibrium of the se-
lected SNPs was low (LD, R2 <0.8); they were potential
functional variations or tag SNPs. The rs1617640 A>C,
rs507392 A>G, and rs564449 G>T were selected for fur-
ther analysis finally [28,29].

Using the TIANamp Genomic DNA Kit (Tiangen
Biotech, Beijing) to extract DNA from the collected pe-
ripheral blood sample. TaqMan real-time polymerase chain
reaction (PCR) was used for genotyping. Supplementary
Table 4 shows the details of primers and probes. Further-
more, to ensure the reliability of the PCR reaction, we not
only set up a negative control on each plate, and 10% ran-
dom samples repeat tests were carried out.

2.4 Statistical Analysis
The Chi-square test was used to assess the difference

in demographic characteristics and the frequency distribu-
tion of genotypes between the case and control. After ad-
justing for age, sex, smoking, education, coal and biomass
as fuels, logistic regression analysis was used to evaluate
the relationship between EPO polymorphisms and suscep-
tibility to COPD. Stratified analysis was then performed by
age, sex, smoking, education level, coal and biomass as fu-
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els. The consistency of ORs between the layers was tested
by the Breslow-day test. The effect of genotypes on lung
function was compared by the Kruskal-Wallis test.

The 10-year absolute risk was calculated by the
method ofGail andBruzzi [30–33]. Based on a case-control
study in Guangdong, the risk factors were screened by the
backward stepwise logistic regression model. The rela-
tive risk and population-attributable risk were estimated by
IRAP 2.2.0 (Bethesda, Maryland, USA).

IBM SPSS® Statistics 26.0 software (IBM Corp.,
Chicago, IL, USA) was used to analyze the data. The Odds
ratio (OR) and 95% confidence interval (95%CI) were used
as evaluation indexes. All analyses were two-sided with a
significance level of 0.05.

3. Results
3.1 Demographic Characteristics

Supplementary Table 1 shows the Demographic
characteristics of the case-control study in Guangdong with
1095 COPD patients and 1144 healthy controls. The dis-
tribution of Education level, Smoking status, Coal as fuels,
and Biomass as fuels showed significant statistical differ-
ences between cases and controls (all p < 0.001).

Supplementary Table 2 shows the Demographic
characteristics of the prevalence study in Gansu with 872
participants. There were 252 cases >60 years old (28.9%)
and 620 cases ≤60 years old (71.1%); 395 males (45.3%)
and 477 females (54.7%); 551 Tibetan (63.2%) and 321Han
Chinese (36.8%); 465 cases (53.3%) of rs1617640 geno-
type AA, 340 cases (39.0%) of AC and 67 cases (7.7%) of
CC genotype. The median of Pre-FEV1 (L), Pre-FVC (L),
Pre-FEV1/Pre-FVC (%) were 2.44 (2.05, 2.91), 3.25 (2.81,
3.92) and 74.88 (69.13, 79.24) respectively.

3.2 Association Analysis between EPO SNPs and COPD
Risk

We adjusted for sex, age, smoking status, education,
coal as fuel and biomass as fuel at a significance level of
0.05. As shown in Table 1, EPO rs1617640C allele reduced
COPD risk in southern Chinese significantly (AC vs. AA:
adjusted OR = 0.805, 95% CI = 0.669–0.969, p = 0.022;
AC+CC vs. AA: adjusted OR = 0.822, 95% CI = 0.689–
0.980, p = 0.029). Unfortunately, we could not observe the
association between the other two SNPs (rs507392 A>G
and rs564449 G>T) and the risk of COPD (p > 0.05).

3.3 Stratification and Interaction Analysis between EPO
rs1617640 A>C and COPD Risk

The results of stratification and interaction analysis
are shown in Table 2. Compared with EPO rs1617640 AA
genotypes, AC and CC genotypes remained protective in
the strata of non-smokers (OR = 0.782, 95% CI = 0.616–
0.992), avoiding coal and biofuels (OR = 0.812, 95% CI
= 0.674–0.979; OR = 0.829, 95% CI = 0.687–0.999). The
homogeneity test showed no differences among the sublay-

ers (p homo >0.05). Furthermore, there was no multiplica-
tive interaction between the stratified factors and rs1617640
A>C on the risk of COPD (p inter >0.05).

3.4 Effect of EPO RS1617640 A>C on Lung Function

The effect of rs1617640 A>C polymorphism on pre-
medication lung function was analyzed furtherly. We found
that participants in Guangdong with different genotypes
showed significant differences in FEV1 and FVC. The val-
ues of FEV1 and FVC may be positive with the increase of
C allele number [Fig. 1, FEV1 AA, AC, CC: 1.965 (1.500,
2.510), 2.020 (1.630, 2.530), 2.210 (1.760, 2.570), p =
0.0117; FVC AA, AC, CC: 2.605 (2.070, 3.330), 2.670
(2.175, 3.305), 2.820 (2.350, 3.460), p = 0.040]. The result
was further verified in Gansu [Fig. 2, FEV1 AA, AC, CC:
2.380 (2.000, 2.880), 2.460 (2.093, 2.948), 2.640 (2.240,
3.060), p = 0.0163; FVC AA, AC, CC: 3.180 (2.755,
3.910), 3.270 (2.843, 3.893), 3.560 (3.130, 4.030), p =
0.0302].

3.5 Incidence of COPD Based on a Clinical Cohort

We calculated the incidence of COPD from a clini-
cal cohort constructed by electronic medical records from
2016 to 2020 in several hospitals in Guangdong Province
(see Supplementary Table 3). The incidence of the 40-
50 age group was 1436.73/100,000 person-years in males
and 697.82/100,000 person-years in females. In the 50-
60 age group was 2972.24/100000 person-years in males
and 1321.07/100000 person-years in females. In the 60-
70 years group was 5795.21/100,000 person-years in males
and 2260.12/100,000 person-years in females.

3.6 The 10-Year Absolute Risk of COPD in Southern
Chinese

A backward stepwise logistic regression model was
fitted (Table 3), which finally retained four factors, includ-
ing education, smoking status, coal as fuels, and rs1617640
A>C for males, while three factors as smoking status,
biomass as fuels, and rs1617640 A>C were retained for
females. The population-attributable risk for males and fe-
males were 0.449 (0.258–0.641) and 0.262 (0.128–0.396)
respectively.

Combined with the retention factors, tables were de-
veloped to show the 10-year absolute risk of COPD for
men (Table 4) and women (Table 5) at different individual
relative risks [32,33]. For example, a 45-year-old woman
wants to know her risk of developing COPD in 10 years.
It is known that the woman with the rs1617640 AA geno-
type does not smoke, and has a history of biomass as fu-
els. According to Table 3, the individual relative risk of
this woman is 2.922 (r = RRnon-smoking × RRbiomass as fuels
× RRrs1617640 AA = 1 × 2.219 × 1.317). Thus, As demon-
strated in Table 5, the 10-year absolute risk of the woman
with COPD is about 0.142.

3

https://www.imrpress.com


Table 1. Frequency distributions of EPO gene polymorphisms and the associations with COPD susceptibility.

Models Genotypes
Case (n = 1095) Control (n = 1144)

Adjusted OR (95% CI)a pa AIC
n (%) n (%)

rs1617640 A>C AA 725 (66.2) 701 (61.3) 1.000 (ref.)
AC 317 (28.9) 387 (33.8) 0.805 (0.669–0.969) 0.022

Codominant CC 53 (4.8) 56 (4.9) 0.935 (0.628–1.392) 0.742 3018.001
Additive p trend 0.875 (0.757–1.012) 0.073 3020.055
Dominant AC+CC vs. AA 370 (33.8) 443 (38.7) 0.822 (0.689–0.980) 0.029 3018.506
Recessive CC vs. AA+AC 53 (4.8) 56 (4.9) 1.004 (0.678–1.488) 0.984 3023.279
rs507392 A>G AA 697 (63.7) 682 (59.6) 1.000 (ref.)

AG 341 (31.1) 398 (34.8) 0.849 (0.707–1.020) 0.080
Codominant GG 57 (5.2) 64 (5.6) 0.877 (0.600–1.283) 0.500 3020.052
Additive p trend 0.890 (0.771–1.026) 0.108 3020.688
Dominant AG+GG vs. AA 398 (36.3) 462 (40.2) 0.853 (0.717–1.015) 0.074 3020.078
Recessive GG vs. AA+AG 57 (5.2) 64 (5.6) 0.928 (0.638–1.351) 0.697 3023.128
rs564449 G>T GG 915 (83.6) 957 (83.7) 1.000 (ref.)

GT 172 (15.7) 172 (15.0) 1.051 (0.832–1.330) 0.670
Codominant TT 8 (0.7) 15 (1.3) 0.557 (0.230–1.346) 0.222 3021.279
Additive p trend 0.976 (0.792–1.202) 0.817 3023.226
Dominant GT+TT vs. GG 180 (16.4) 187 (16.3) 1.013 (0.806–1.273) 0.912 3023.267
Recessive TT vs. GG+GT 8 (0.7) 15 (1.3) 0.552 (0.229–1.334) 0.187 3021.460

OR, odds ratio; CI, confidence interval; AIC, Akaike Information Criterion.
aORs were adjusted for gender, age, smoking status, education level, coal or biomass as fuels by the logistic regression model.

Fig. 1. The effect of the EPO rs1617640 A>C on pulmonary function in Guangdong population was estimated by the Kruskal-
Wallis test. (A) On pre-forced expiratory volume in 1s (pre-FEV1) [AA, AC, CC: 1.965 (1.500, 2.510), 2.020 (1.630, 2.530), 2.210
(1.760,2.570), p = 0.017]. (B) On pre-forced vital capacity ratio (pre-FVC) [AA, AC, CC: 2.605 (2.070, 3.330), 2.670 (2.175, 3.305),
2.820 (2.350, 3.460), p = 0.040]. (C) On pre-FEV1/FVC [AA, AC, CC: 75.99 (66.91, 82.71), 77.34 (69.29, 83.25), 76.34 (70.63, 83.99),
p = 0.122].

4. Discussion

To reveal the role of EPO polymorphisms on COPD,
we investigated the relationship between three SNPs of
EPO (rs1617640 A>C, rs507392 A>G, and rs564449
G>T) and the risk of COPD in southern Chinese in this
study. We found that the C allele of EPO rs1617640 A>C
was associated with a reduced risk of COPD and an increase
in FEV1 and FVC in Chinese significantly. Meanwhile,
compared with EPO rs1617640 AA genotype, AC and CC

genotypes retained protective effects in the strata of non-
smokers, avoiding coal and biofuels (p < 0.05).

EPO, a pleiotropic factor, can affect the occurrence
and progression of many diseases [34,35]. EPO was re-
ported that expressed in the lung and responded to Hy-
poxia by promoting erythropoiesis and neovascularization
[13,36–38]. In addition, in acute lung injury, EPO could ac-
tivate the proliferation of pulmonary endothelial cells and
reduce the infiltration of inflammatory cells, which plays a
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Table 2. Stratification analysis of the association between EPO rs1617640 A>C and COPD susceptibility.

Variables
Case (n = 1095) Control (n = 1144) AC+CC vs. AA

p homo
b p inter

cAA AC CC AA AC CC
OR (95% CI) a

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

Age
≤60 288 (64.6) 132 (29.6) 26 (5.8) 303 (59.2) 187 (36.5) 22 (4.3) 0.763 (0.579–1.005)

0.836 0.738
>60 437 (67.3) 185 (28.5) 27 (4.2) 398 (63.0) 200 (31.6) 34 (5.4) 0.856 (0.673–1.090)

Sex
Male 456 (67.2) 192 (28.3) 31 (4.6) 461 (62.9) 229 (31.2) 43 (5.9) 0.851 (0.677–1.070)

0.670 0.772
Female 269 (64.7) 125 (30.0) 22 (5.3) 240 (58.4) 158 (38.4) 13 (3.2) 0.765 (0.571–1.025)

Education level
Primary school or
below

340 (66.9) 145 (28.5) 23 (4.5) 272 (62.7) 143 (32.9) 19 (4.4) 0.849 (0.644–1.118)
0.982 0.846

Middle school or
High school

345 (65.2) 157 (29.7) 27 (5.1) 388 (60.1) 224 (34.7) 34 (5.3) 0.802 (0.629–1.021)

College, under-
graduate or above

40 (69.0) 15 (25.9) 3 (5.2) 41 (64.1) 20 (31.2) 3 (4.7) 0.707 (0.301–1.663)

Smoking status
No 353 (64.5) 168 (30.7) 26 (4.8) 402 (59.2) 246 (36.2) 31 (4.6) 0.782 (0.616–0.992)

0.710 0.688
Yes 372 (67.9) 149 (27.2) 27 (4.9) 299 (64.3) 141 (30.3) 25 (5.4) 0.888 (0.677–1.165)

Coal as fuels
No 629 (66.7) 268 (28.4) 46 (4.9) 650 (61.7) 352 (33.4) 52 (4.9) 0.812 (0.674–0.979)

0.857 0.909
Yes 96 (63.2) 49 (32.2) 7 (4.6) 51 (56.7) 35 (38.9) 4 (4.4) 0.788 (0.439–1.414)

Biomass as fuels
No 596 (65.6) 268 (29.5) 44 (4.8) 628 (61.1) 350 (34.0) 50 (4.9) 0.829 (0.687–0.999)

0.781 0.885
Yes 129 (69.0) 49 (26.2) 9 (4.8) 72 (62.9) 37 (31.9) 6 (5.2) 0.721 (0.426–1.221)

OR, odds ratio; CI, confidence interval.
aORs were adjusted for age, gender, education level, smoking status, coal or biomass as fuels by the logistic regression model.
b p-value of the Breslow-Day homogeneity test for the ORs between strata.
c p-value of test for the multiplicative interaction between EPAS1 rs13419896 genotypes and the factors.

Fig. 2. The effect of the EPO rs1617640 A>C on pulmonary function in Gansu population was estimated by the Kruskal-Wallis
test. (A) On pre-forced expiratory volume in 1s (pre-FEV1) [AA, AC, CC: 2.380 (2.000, 2.880), 2.460 (2.093, 2.948), 2.640 (2.240,
3.060), p = 0.016]. (B) On pre-forced vital capacity ratio (pre-FVC) [AA, AC, CC: 3.180 (2.755, 3.910), 3.270 (2.843, 3.893), 3.560
(3.130, 4.030), p = 0.030]. (C) On pre-FEV1/FVC [AA, AC, CC: 74.87 (68.72, 79.03), 74.80 (70.05, 79.33), 75.07(68.98, 79.70), p =
0.482].

key role in controlling pulmonary ventilation. Some stud-
ies have shown that the inflammatory response and hypox-

emia caused by COPD change the expression of EPO. For
example, COPD patients have up-regulated EPO expres-
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Table 3. Estimates relative risk based on case-control studies.
Factors RR (95% CI)a

Male
Education level

College, undergraduate or above 1.000 (ref.)
Middle school or High school 1.218 (0.766–1.937)
Primary school or below 1.793 (1.111–2.894)

Smoking status
No 1.000 (ref.)
Yes 1.973 (1.559–2.495)

Coal as fuels
No 1.000 (ref.)
Yes 2.058 (1.436–2.951)

rs1617640 (Dominant)
AC+CC 1.000 (ref.)
AA 1.163 (0.925–1.463)

Population–attributable risk 0.449 (0.258–0.641)
Female

Smoking status
No 1.000 (ref.)
Yes 1.809 (1.039–3.150)

Biomass as fuels
No 1.000 (ref.)
Yes 2.219 (1.440–3.418)

rs1617640 (Dominant)
AC+CC 1.000 (ref.)
AA 1.317 (0.987–1.758)

Population–attributable risk 0.262 (0.128–0.396)

RR, relative risk.
abackward logistic regression, adjusting for age.

sion due to increased inflammatory factors and decreased
erythrocytes in the body [39,40]. Thus, an increase in
hemoglobin concentration by upregulation of EPO’s ex-
pression can correct hypoxemia seen in COPD patients
commonly [22,41,42]. Existing researches indicate that
EPO may participate in the development of COPD. How-
ever, no study has explored whether EPO polymorphisms
modify the susceptibility to COPD.

We finally retained three SNPs (rs1617640 A>C,
rs507392 A>G, and rs564449 G>T) to conduct the re-
search. Online web tools (NCBI, Ensembl and SNPinfo
Web Server) were used to find the location and functional
information of SNPs. Rs1617640 A>C is a transcription
factor located in upstream of the EPO transcription start
site (Chr 7:100719675), as well as impact the potential tran-
scription factors such as AP1\STAT5\STAT3\GATA-2 and
so on. In addition, it has been shown to be strongly associ-
ation with a variety of diseases including complications of
diabetic, hepatitis C, myelodysplasia, erythropoietic and so
on in the present studies [43–46]. Rs507392 A>G, located
at Chr 7:100722313, is an intron variant of the EPO, con-
sidering the current studies reported it associated with dia-
betic retinopathy [47,48], so we decided to keep the SNP

for further analysis after consulting the relevant experts.
Rs564449 G>T is a miRNA binding site located in 3′-UTR
of theEPO (Chr 7:100723515) and no research has reported
that it is associated with any disease.

In this study, we first discovered that the variation
of EPO rs1617640 A>C was associated with COPD risk,
and compared with AA genotype, patients with AC/CC
genotypes had a lower incidence of COPD. Unfortunately,
no association was found between the other two SNPs
(rs507392 A>G, and rs564449 G>T) and the risk of
COPD. Rs1617640 A>C is located in the upstream pro-
moter region of EPO. The promoter SNP can cause ab-
normal gene expression by affecting the binding of tran-
scription factors to templates [49]. In the present studies,
EPO rs1617640 polymorphism was shown to be associated
with erythropoietin expression and level [43], CC genotype
can promote the expression of erythropoietin [45], which
leads to the increasing of Hb level, hematocrit and erythro-
cyte count [50]. In other words, EPO rs1617640 polymor-
phism can cause abnormal expression of EPO and affect
the hematopoietic function of the body [50]. Moreover,
we found a correlation between the EPO rs1617640 A>C
genetic variant and the level of pre-drug lung function in-
dexes in both Guangdong and Gannan. Similar to our re-
sults, Wang L found that serum EPO levels in COPD pa-
tients were correlated with FEV1% significantly and nega-
tively through a clinical study (p < 0.05) [21]. EPO levels
may, to some extent, reflect the condition and prognosis of
COPD patients. Therefore, we concluded that rs1617640
might affect the risk of COPD by influencing the binding
of transcription factors to DNA fragments and regulating
the expression level of target genes.

Our clinical cohort found that the incidence of COPD
and the mortality without COPD differed between men and
women, both indicators were higher in males than in fe-
males in all age strata (see Supplementary Table 3). This
is consistent with the findings of Garcia Rodriguez in the in-
cidence of COPD [51]. Hence, we decided to fit a 10-year
absolute risk model for COPD in southern Chinese by sex.
We found the factors retained in the models of males and
females were slightly different (see Table 3), which may be
related to the reduction of sample size after stratification.
At the same time, the differences in the social division of
labor and lifestyles between men and women may also lead
to differences in risk factors [52,53]. In the model for the
female, the population attributable risk was 0.262 (0.128–
0.396), indicating that additional risk factors need to be con-
sidered to predict the risk of COPD accurately [54].

There are some limitations in this study. First, this was
a case-control study, and there was a certain degree of re-
call bias when obtaining environmental exposure informa-
tion. Secondly, the participants in this study were mainly
Han Chinese, which may restrict the extrapolation of con-
clusions to other populations. Moreover, this study clarified
the association between EPO polymorphisms and COPD
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Table 4. The 10-year absolute risk of COPD in southern China for men.

Initial age (years)
Individual relative risk

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

40–49 0.000 0.075 0.145 0.209 0.269 0.324 0.375 0.421 0.465
50–59 0.000 0.147 0.272 0.378 0.468 0.545 0.611 0.666 0.714
60–69 0.000 0.258 0.447 0.586 0.687 0.762 0.818 0.858 0.889

Table 5. The 10-year absolute risk of COPD in southern China for women.

Initial age (years)
Individual relative risk

0.00 1.00 2.00 3.00 4.00 5.00 6.00

40–49 0.000 0.050 0.097 0.142 0.185 0.226 0.265
50–59 0.000 0.092 0.175 0.251 0.319 0.382 0.438
60–69 0.000 0.150 0.276 0.384 0.475 0.552 0.618

using epidemiological methods, which needed further ver-
ification by cellular and molecular experiments. Finally,
this study did not conduct whole genome sequencing and
analysis, it’s a potential limitation of the study.

5. Conclusions
In conclusion, this study reported for the first time

that the EPO rs1617640 A>C polymorphism was associ-
ated with COPD susceptibility, and the C allele was associ-
ated with better lung function in southern Chinese. On this
basis, the study suggests that EPO rs1617640 A>C can be
used to predict the 10-year absolute risk for COPD among
southern Chinese as a genetic marker when combined with
environmental factors.
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