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Abstract. The screening of a person at risk for chronic 
obstructive pulmonary disease (COPD) and timely treatment 
may provide opportunities to delay the progressive destruc-
tion of lung function. Therefore, a model to predict the disease 
is required. We hypothesized that demographic and clinical 
information in combination with genetic markers would aid 
in the prediction of COPD development, prior to its onset. The 
aim of the present study was to create a predictive model for 
COPD development. Demographic, clinical presentation and 
genetic polymorphisms were recorded in COPD patients and 
control subjects. Nighty-six single-nucleotide polymorphisms 
of 46 genes were selected for genotyping in the case-control 
study. A predictive model was produced using logistic 
regression with a stepwise model-building approach and was 
validated. A total of 331 patients and 351 control subjects 
were included. The logistic regression identified the following 
predictors: Gender, respiratory infection in early life, low 
birth weight, smoking history and genotype polymorphisms 
(rs2070600, rs10947233, rs1800629, rs2241712 and rs1205). 
The model was established using the following formula: 
COPD = 1/[1 + exp (-2.4933-1.2197 gender + 1.1842 respira-
tory infection in early life + 2.4350 low birth weight + 1.8524 
smoking - 1.1978 rs2070600 + 2.0270 rs10947233 + 1.1913 
rs10947233 + 0.6468 rs1800629 + 0.5272 rs2241712 + 0.4024 
rs1205)] (when the value is >0.5). The Hosmer-Lemeshow test 
showed no significant deviations between the observed and 
predicted events. Validation of the model in 50 patients showed 
a modest sensitivity and specificity. Therefore, a predictive 

model based on demographic, clinical and genetic information 
may identify COPD prior to its onset.

Introduction

Chronic obstructive pulmonary disease (COPD) is character-
ized by progressive airflow limitation, driven by an abnormal 
inflammatory response of the airways to inhaled particles and 
fumes (1). The disease is predicted to become the third most 
common cause of mortality and the fifth cause of disability in 
the world by 2020 (2). COPD represents a significant burden 
for the health care systems worldwide (3).

COPD is also causing an increasing problem in China. 
A survey conducted in 2007 of 20,245 participants in seven 
regions of China indicated that the prevalence of COPD in 
adults aged ≥40 years was 8.2% (4). However, numerous patients 
with COPD remain undiagnosed until the more advanced stages 
of the disease. A study by Professor Nanshan Zhong (5), the 
Chief of the Chinese Medicine Association, showed that the 
diagnosis was established only in 31% of the COPD patients. 
A number of population-based studies revealed that the disease 
was also under-diagnosed in other countries (6-8). In a study 
of Spanish patients (9), only 25% of smokers with COPD were 
previously known regarding the diagnosis. Additionally, <50% 
of patients with severe or extremely severe airflow obstruction 
were diagnosed (10). COPD is usually diagnosed in the later 
stage when significant lung function has already been lost, being 
asymptomatic in the early phase, and sometimes patients are 
not diagnosed until they are hospitalized for an acute exacerba-
tion (11). However, the airway limitation is much more reversible 
in early COPD, as early detection and timely treatment can 
slow the destruction of lung function. Therefore, a predictive 
model for COPD development that could have a clinical utility is 
required. Previous studies (12,13) of COPD predictors identified 
certain risk factors, including age, smoking, forced expiratory 
volume in 1 sec (FEV1), low body weight and poor performance 
status, but a single determinant was not reliable to estimate the 
probability of COPD development, therefore, a full predictive 
model must be developed using comprehensive indicators.

In addition, the natural history of the development of the 
disease in smokers is highly variable, as only a minority of 
smokers (20%) appear to present airflow limitation, suggesting 
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that besides smoking, COPD is partially genetically deter-
mined (14,15). Genes were evidenced to be associated with 
familial aggregation of COPD (16), and certain other twin 
studies have also indicated a genetic contribution to clinically 
relevant parameters on pulmonary function (17). Genome-wide 
association studies (GWAS) have identified certain suscepti-
bility loci, but these are few in the Asian population (18,19). 
Consequently, we hypothesized that the abovementioned risk 
factors in combination with genetic markers would aid the 
prediction of COPD development prior to its onset.

The aim of the present study was to set up a predictive 
model for COPD development in a Chinese population. First, 
the candidate genes for the susceptibility to COPD were 
identified among 97 single‑nucleotide polymorphisms (SNPs) 
of 46 genes. Second, a mathematical formula based on the 
clinical and demographic data recorded combined with SNP 
markers was produced.

Materials and methods

Part I
Study population of SNP identification. A total of 331 unrelated 
adult patients with COPD were recruited from the Department 
of Pulmonary Medicine of Shanghai Ruijin Hospital (Shanghai, 
China) between January 2012 and November 2013. COPD was 
diagnosed according to the criteria established by the National 
Heart, Lung and Blood Institute/World Health Organization 
Global Initiative for COPD (GOLD) (20). The entry criteria 
were as follows: Presence of relentlessly progressive symp-
toms, such as cough, productive sputum or breathlessness; 
age, ≥40 years; airflow limitation as indicated by FEV1/forced 
vital capacity (FVC) ≤70%; FEV1 reversibility following the 
inhalation of salbutamol <12% of the pre‑bronchodilator FEV1 
(MS-Body Diffusion; Jaeger GmbH, Würzburg, Germany); and 
no evidence of hereditary diseases or other respiratory diseases.

A total of 213 control healthy smokers were selected from 
a pool of healthy subjects who visited the General Health 
Checkup Center of Shanghai Ruijin Hospital in the same 
period. The enrollment criteria for the controls were as follows: 
Age ≥40 years, smoker, no known disease, no history of any 
disease and lung function was measured at baseline following 
the American Thoracic Society/European Respiratory Society 
standard procedure to confirm no evidence of airflow obstruc-
tion. All the cases and control subjects were Chinese. The 
study protocol was approved by the Medical Ethics Committee 
of Shanghai Ruijin Hospital and all the participants provided 
written informed consent.

DNA extraction and genotyping. According to the results 
of previous GWAS, 97 candidate SNPs were chosen for geno-
typing (Table I). Their minor allele frequencies were >0.05 in 
the Chinese patients. A peripheral blood sample was obtained 
from each participant and DNA was isolated using QuickGene 
DNA Whole Blood kit (Fujifilm Life Science, Tokyo, Japan). 
Any sample with a DNA concentration <10 ng/µl was excluded 
and required another sample. The Mass-Array™ Technology 
platform of Sequenom, Inc., (San Diego, CA, USA) was used 
to perform genotyping. For quality control, two independent 
investigators interpreted the results and a random selection 
of 10% of all the samples was re‑tested. Each of the SNPs 
in the control group was analyzed for the Hardy-Weinberg 

equilibrium (HWE), and SNPs were excluded from the 
analysis if they were out of HWE (P≤0.05). The χ2 test and 
unconditional logistic method were applied to compare the 
allele frequencies between the two groups, and logistic anal-
ysis was adjusted for age, gender and smoking. Frequencies 
were compared, respectively, using a P cut-off of 0.05 and the 
Bonferroni correction method for multiple testing in order to 
identify several SNPs in susceptibility to COPD. P<0.05 was 
considered to indicate a statistically significant difference. 

Part II
Study population of predictive model‑building. In total, 
331 COPD patients and 351 control subjects were recruited 
from the Department of Pulmonary Medicine between 
January 2012 and December 2013. All the patients met the 
diagnostic criteria of GOLD and were ≥40 years. The control 
subjects were present with no evidence of airflow obstruction, 
aged ≥40 years, and were smokers or non‑smokers. They had 
no hereditary diseases or other respiratory diseases.

SNP genotyping. A peripheral blood sample was obtained 
from each participant and DNA was isolated using the same 
methods, as previously described. The SNPs identified in the 
susceptibility to COPD in part I were genotyped.

Documentation of data. In addition to the SNP genotyping, 
demographic data, body mass index, history of respira-
tory infection in childhood, low birth weight (<2,500 g), 
environmental pollution (their place of residence and work 
environment), smoking history, family history of lung disease, 
and spirometry of these 682 subjects were recorded. The 
case group was defined as 1, the control group as 0; similarly, 
1=male, 0=female; 1=respiratory infection in childhood, 0=no 
infection; 1=history of low birth weight, 0=non low birth 
weight; 1=environmental pollution, 0=no exposure; 1=smoking 
history, 0=non smoking; and 1=family history of lung disease, 
0=no known family history. These risk factors were identified 
in association to COPD based on our previous epidemiology 
study (21). Genotyping results were also recorded using 0 or 1.

Predictive model‑building methods. The predictive model 
was constructed by means of logistic regression with a stepwise 
model-building approach, using an entry and exit criterion of 
P≤0.05. The variables included genetic polymorphisms veri-
fied according to the results of genotyping and clinical data of 
each participant recorded above. The goodness of fit, namely 
how closely the prediction reflected observed events, was 
determined by the Hosmer-Lemeshow test.

Statistical analysis. Data analyses were performed with the 
Statistical Package for the Social Science version 20.0 (SPSS, 
Inc., Chicago, IL, USA) and P<0.05 was considered to indicate 
a statistically significant difference. The two‑sided Student's 
t‑test was used for checking the significant differences in the 
clinical data between the cases and control subjects. The rela-
tive risk of the allelic gene was estimated as an odds ratio with 
a 95% confidence interval.

Results

Part I
Study population characteristics. The study population char-
acteristics are described in Table II. They were matched for 
gender and age. FEV1 predictive and FEV1/FVC of the case 
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group decreased significantly compared to the control group 
(P<0.05).

Univariate analysis of each genotype. Eight SNPs with 
a deviation from HWE in the controls were removed from 
the association analysis; rs361525, rs1042713, rs34829399, 

rs2853677, rs2571445, rs8192288, rs2066960 and rs2230054. 
Thirteen SNPs (rs1130866, rs56155294, rs10498230, rs2035901, 
rs3091244, rs511898, rs2869967, rs7583463, rs2276109, 
rs737693, rs9904270, rs4934 and rs6830970) were also elimi-
nated for missing data of genotyping in ≥10% of samples. Finally, 

Table I. Gene location and alleles of 97 single-nucleotide polymorphisms (SNPs).

SNP_ID (Refs.) Gene Chromosome Alleles SNP_ID (Refs.) Gene Chromosome Alleles

rs1800610 (1) TNF‑α   6 C/T rs673400 (14) SERPINA2   2 C/G
rs1799964 (1) TNF‑α   6 C/T rs7583463 (15) SERPINA2   2 A/C
rs361525 (2) TNF‑α   6 A/G rs2736100 (8) TERT   5 G/T
rs1800629 (3) TNF‑α   6 A/G rs10069690 (8) TERT   5 C/T
rs2808630 (4) CRP   1 C/T rs34829399 (8) TERT   5 C/T
rs1205 (5) CRP   1 C/T rs4246742 (8) TERT   5 A/T
rs1130864 (4) CRP   1 C/T rs2736118 (8) TERT   5 A/G
rs1059823 (6) SLC11A1   2 A/G rs2736122 (8) TERT   5 C/T
rs1130866 (7) SFTPB   2 C/T rs2853677 (8) TERT   5 C/T
rs2353397 (8) HHIP   4 C/T rs2853676 (8) TERT   5 A/G
rs13147758 (8) HHIP   4 A/G rs1881457 (16) IL‑13   5 A/C
rs2035901 (8) HHIP   4 A/G rs1295685 (16) IL‑13   5 C/T
rs6537302 (8) HHIP   4 A/T rs1800925 (16) IL‑13   5 C/T
rs1032295 (8) HHIP   4 T/G rs2066960 (16) IL‑13   5 A/C
rs12504628 (8) HHIP   4 C/T rs20541 (16) IL‑13   5 C/T
rs17019336 (8) HHIP   4 A/T rs16909898 (8) PTCH1   9 A/G
rs3749893 (8) TSPYL‑4   6 A/G rs10512249 (8) PTCH1   9 C/T
rs4987835 (9) Bcl‑2 18 A/G rs35621 (17) ABCC1 16 C/T
rs2292566 (10) EPHX1   1 A/G rs2241718 (18) TGF‑β1 19 C/T
rs1051740 (11) EPHX1   1 C/T rs56155294 (18) TGF‑β1 19 C/T
rs868966 (11) EPHX1   1 A/G rs1800469 (18) TGF‑β1 19 C/T
rs25882 (12) CSF2   5 C/T rs2241712 (18) TGF‑β1 19 A/G
rs829259 (13) PDE4D   5 A/T rs2277027 (8) ADAM19   5 A/C
rs6712954 (14) SERPINA2   2 A/G rs2280090 (19) ADAM33 20 A/G
rs2280091(19) ADAM33 20 A/G rs4073 (12) IL‑8   4 A/T
rs1435867 (8) PID1   2 C/T rs8192288 (30) SOD3   4 G/T
rs10498230 (8) PID1   2 C/T rs2571445 (20) TNS1   2 C/T
rs3995090 (20) HTR4   5 A/C rs1003349 (31) MMP14 14 G/T
rs6889822 (8) HTR4   5 A/G rs737693 (32) MMP12 11 A/T
rs1531697 (9) Bcl‑2 18 A/T rs2276109 (32) MMP12 11 A/G
rs1042713 (21) ARDB2   5 A/G rs1052443 (8) NT5DC1   6 A/C
rs3024791 (22) SFTPB   2 A/G rs10947233 (8) PPT2   6 G/T
rs511898 (23) ADAM33 20 C/T rs1051730 (33) CHRNA3 15 C/T
rs2853209 (23) ADAM33 20 A/T rs11106030 (20) DCN 12 A/C
rs6555465 (8) ADCY2   5 A/G rs584367 (34) sPLA2s   1 C/T
rs10075508 (13) PDE4D   5 C/T rs9904270 (26) CDC6 17 C/T
rs12899618 (20) THSD4 15 A/G rs2395730 (8) DAAM2   6 A/C
rs3091244 (8) SFXN1   5 A/C/T rs3817928 (8) GPR126   6 A/G
rs8004738 (24) SERPINA1 14 A/G rs11155242 (8) GRP126   6 A/C
rs709932 (24) SERPINA1 14 A/G rs7776375 (8) GPR126   6 A/G
rs4934 (25) SERPINA3 14 A/G rs6937121 (8) GPR126   6 G/T
rs13706 (26) CDC6 17 A/G rs1042714 (35) ARDB2   5 C/G
rs7217852 (26) CDC6 17 A/G rs1800796 (36) IL‑6   7 C/G
rs2077464 (26) CDC6 17 A/G rs2236307 (31) MMP14 14 C/T
rs2070600 (20) AGER   6 A/G rs2236302 (31) MMP14 14 C/G
rs6957 (27) CDC97 19 A/G rs2230054 (37) IL‑8RB   2 C/T
rs1042522 (28) P53 17 C/G rs1422795 (8) ADAM19   5 A/G
rs1695 (29) GSTP1 11 A/G rs6830970 (8) FAM13A   4 A/G
rs2869967 (8) FAM13A   4 C/T
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76 of the 97 SNPs were included in the association analysis. 
The allele frequencies and the genotype distributions for these 
SNPs were compared between the patients and control healthy 
smokers. Several allelic genes of seven SNPs were found to be 
more frequent in the COPD patients compared to the control 
subjects. These were human hedgehog interacting protein 
(HHIP) (rs2353397 C allele) (P<0.0001), TNF‑α (rs1800629 

G allele) (P=0.0060), TGF‑β1 (rs2241712 A allele) (P=0.0498), 
CRP (rs1205 C allele) (P=0.0030), IL‑13 (rs20541 T allele) 
(P=0.0280), AGER (rs2070600 G allele) (P=0.0130) and PPT2 
(rs10947233 G allele) (P=0.0060). These seven SNPs tended to 
be associated with COPD. Among these seven SNPs, following 
Bonferroni correction, rs2353397 (P<0.0001) was most strongly 
associated with the susceptibility to COPD (Table III).

Part II
Predictive model for COPD. The clinical data of the 331 COPD 
patients and 351 control subjects recruited for the second 
part of the study were recorded. Clinical variables recorded 
for the logistic regression model are presented in Table IV. 
The genotype of the seven SNPs was also recorded. Genetic 
variables that achieved significance in univariate analysis were 
defined as follows: CT=1 0, TT=0 0, CC=0 1 (rs2353397); 
GA=1 0, AA=0 0, GG=0 1 (rs2070600); GT=1 0, TT=0 0, 
GG=0 1 (rs10947233); GA=1 0, AA=0 0, GG=0 1 (rs1800629); 
AG=1 0, GG=0 0, AA=0 1 (rs2241712); CT=1 0, TT=0 0, 
CC=0 1 (rs1205); and TC=1 0, CC=0 0, TT=0 1 (rs20541). The 
different genotypes combined with the clinical data of the two 
groups were entered in the multivariate analysis, which was 
performed using the logistic regression model. Finally, the 
model was established using the following formula: (P-value for 

Table III. Allele frequencies in COPD and control subjects for SNPs.

  Control, Case,     Adjusted Adjusted Adjusted
SNP Allele n (%) n (%) χ2 P‑value OR (95% CI) P(Bonferroni) P‑value OR (95% CI) P(Bonferroni)

rs1059823 G 139 (33) 222 (34) 0.0181 0.8929 1.01 (0.79-1.32) 67.8604 0.8290 0.97 (0.74-1.27) 63.0040
 A 283 (67) 440 (66)
rs1205 C 168 (40) 308 (47) 5.2168 0.0223a 1.34 (1.04-1.71)   1.6948 0.0030a 1.48 (1.14-1.91) 0.2280
 T 252 (60) 346 (53)
rs17019336 A 136 (32) 242(37) 2.1770 0.1401 1.21 (0.94-1.57) 10.6476 0.0670 1.28 (0.98-1.68) 5.0920
 T 284 (68) 416 (63)
rs1799964 T 333 (79) 519 (79) 0.0008 0.9772 1.00 (0.74-1.36) 74.2672 0.8140 0.96 (0.71-1.31) 61.8640
 C 87 (21) 135 (21)
rs1800610 T 71 (17) 112 (17) 0.0117 0.9137 1.02 (0.74-1.41) 69.4412 0.9007 0.98 (0.70-1.38) 68.4532
 C 355 (83) 550 (83)
rs2077464 T 271 (65) 420 (66) 0.1909 0.6621 1.06 (0.82-1.37) 50.3196 0.8230 1.03 (0.79-1.35) 62.5480
 C 149 (35) 218 (34)
rs2236302 C 369 (88) 584 (89) 0.2011 0.6539 1.09 (0.75-1.59) 49.6964 0.4140 1.18 (0.80-1.75) 31.4640
 G 51 (12) 74 (11)
rs2292566 A 125 (30) 209 (32) 0.4800 0.4884 1.10 (0.84-1.43) 37.1184 0.7630 1.04 (0.79-1.38) 57.9880
 G 295 (70) 449 (68)
rs2353397 C 123 (29) 382 (58) 83.3798 6.8x10-20a 3.29 (2.54-4.28) 5.2x10-18a <0.0001a 2.16 (1.66-2.81) <0.0001a

 T 297 (71) 280 (42)
rs25882 T 147 (35) 240 (36) 0.2421 0.6227 1.07 (0.83-1.38) 47.3252 0.4650 1.10 (0.85-1.44) 35.3400
 C 273 (65) 418 (64)
rs2808630 C 66 (16) 119 (18) 1.0136 0.3140 1.18 (0.85-1.65) 23.8640 0.2120 0.86 (0.69-1.09) 16.1120
 T 354 (84) 539 (82)
rs3749893 A 286 (67) 454 (69) 0.6232 0.4299 1.11 (0.86-1.44) 32.6724 0.4510 1.11 (0.84-1.46) 34.2760
 G 140 (33) 200 (31)
s4987835 A 236 (56) 382 (60) 1.7185 0.1899 1.19 (0.92-1.51) 14.4324 0.2950 1.15 (0.88-1.49) 22.4200
 G 184 (44) 252 (40)
rs709932 A 73 (17) 131 (20) 1.2714 0.2595 1.20 (0.87-1.65) 19.7220 0.2860 1.19 (0.86-1.65) 21.7360
 G 347 (83) 519 (80)

Table II. Demographics of COPD patients and control subjects.

Variables COPD Controls P-value

Subjects, n 331 213
Age, years 61±10 58±12
Male, n (%) 298 (90) 209 (98)
Female, n (%)   33 (10)   4 (2)
Pack-years 41±34 38±17
FEV1/FVC     54±13.8a  85±7.6 <0.05
FEV1 predicted, %     49±18.1a    88±17.0 <0.05

aP<0.05, verses control. Data are presented as the means ± standard 
deviation. COPD, chronic obstructive pulmonary disease; FEV1, forced 
expiratory volume in 1 sec; FVC, forced vital capacity.
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Table III. Continued.

  Control, Case,     Adjusted Adjusted Adjusted
SNP Allele n (%) n (%) χ2 P‑value OR (95% CI) P(Bonferroni) P‑value OR (95% CI) P(Bonferroni)

rrs7217852 A 273 (65) 434 (66) 0.0652 0.7985 1.03 (0.80-1.34) 60.6860 0.8460 1.03 (0.79-1.34) 64.2960
 G 147 (35) 226 (34)
rs7776375 A 270 (63) 438 (66) 0.8832 0.3473 1.13 (0.88-1.46) 26.3948 0.2570 1.17 (0.89-1.52) 19.5320
 G 156 (37) 224 (34)
rs10069690 C 331 (80) 520 (81) 0.0264 0.8709 1.03 (0.75-1.40) 66.1884 0.6480 1.08 (0.78-1.48) 49.2480
 T 81 (20) 124 (19)
rs1051740 T 247 (60) 403 (61) 0.0424 0.8369 1.03 (0.79-1.32) 63.6044 0.8910 1.02 (0.79-1.32) 67.7160
 C 163 (40) 259 (39)
rs11155242 A 372 (90) 604 (91) 0.5784 0.4469 1.18 (0.77-1.79) 33.9644 0.2560 1.28 (0.83-1.94) 19.4560
 C 42 (10) 58 (9)
rs1295685 T 118 (29) 221 (33) 2.8124 0.0935 1.26 (0.96-1.64)   7.1060 0.1730 1.21 (0.92-1.60) 13.1480
 C 296 (71) 441 (67)
rs1435867 C 55 (13) 90 (14) 0.0200 0.8877 1.03 (0.72-1.47) 67.4652 0.5300 0.89 (0.62-1.29) 40.5080
 T 355 (87) 566 (86)
rs16909898 G 33 (8) 54 (8) 0.0101 0.9200 1.02 (0.65-1.61) 69.9200 0.3140 0.79 (0.50-1.25) 23.8640
 A 379 (92) 606 (92)
rs1881457 A 308 (74) 495 (75) 0.0726 0.7876 1.04 (0.78-1.38) 59.8576 0.9120 1.02 (0.76-1.36) 69.3120
 C 108 (26) 167 (25)
rs2241718 T 114 (28) 206 (31) 1.4433 0.2296 1.18 (0.90-1.55) 17.4496 0.2930 1.16 (0.88-1.53) 22.2680
 C 298 (72) 456 (69)
rs2277027 C 64 (15) 106 (16) 0.0586 0.8088 1.04 (0.74-1.46) 61.4688 0.8350 0.96 (0.68-1.36) 63.4600
 A 350 (85) 556 (84)
rs2736100 T 231 (57) 368 (58) 0.1539 0.6948 1.05 (0.82-1.35) 52.8048 0.6340 1.06 (0.82-1.38) 48.1840
 G 173 (43) 262 (42)
rs35621 C 305 (74) 499 (75) 0.1317 0.7167 1.05 (0.79-1.40) 54.4692 0.3480 1.15 (0.86-1.54) 26.4480
 T 105 (26) 163 (25)
rs3995090 C 288 (70) 461 (71) 0.1521 0.6965 1.06 (0.80-1.39) 52.9340 0.4200 1.12 (0.84-1.48) 31.9200
 A 122 (30) 185 (29)
rs4246742 A 244 (60) 429 (65) 3.0339 0.0815 1.25 (0.97-1.61) 6.1940 0.0510 1.32 (1.01-1.71) 3.8760
 T 166 (40) 233 (35)
rs6712954 G 321 (78) 545 (82) 3.1679 0.0751 1.32 (0.97-1.79) 5.7076 0.0560 1.38 (1.01-1.89) 4.2560
 A 91 (22) 117 (18)
rs829259 A 137 (33) 233 (35) 0.4250 0.5145 1.09 (0.84-1.41) 39.1020 0.9300 1.01 (0.77-1.32) 70.6800
 T 275 (67) 429 (65)
rs10075508 T 69 (16) 108 (17) 0.0253 0.8736 1.03 (0.74-1.43) 66.3936 0.9070 1.02 (0.72-1.44) 68.9320
 C 357 (84) 544 (83)
rs10512249 T 33 (8) 52 (8) 0.0606 0.8056 1.06 (0.67-1.67) 61.2256 0.4950 1.16 (0.75-1.80) 37.6200
 C 383 (92) 570 (92)
rs12899618 G 370 (89) 579 (89) 0.0806 0.7765 1.06 (0.72-1.56) 59.0140 0.6010 1.11 (0.75-1.65) 45.6760
 A 48 (11) 71 (11)
rs13706 G 272 (65) 427 (65) 0.0598 0.8068 1.03 (0.80-1.34) 61.3168 0.8300 0.97 (0.75-1.27) 63.0800
 A 148 (35) 225 (35)
rs1531697 A 255 (61) 411 (63) 0.5370 0.4637 1.10 (0.85-1.41) 35.2412 0.4750 1.10 (0.85-1.43) 36.1000
 T 163 (39) 239 (37)
rs1800925 T 62 (15) 105 (17) 0.8620 0.3531 1.18 (0.84-1.66) 26.8356 0.1000 1.32 (0.94-1.85) 7.6000
 C 352 (85) 507 (83)
rs3024791 G 388 (93) 616 (95) 1.5299 0.2161 1.39 (0.82-2.34) 16.4236 0.3820 1.25 (0.76-2.06) 29.0320
 A 28 (7) 32 (5)
rs6537302 A 310 (75) 480 (77) 0.7206 0.3959 1.13 (0.85-1.51) 30.0884 0.9110 1.10 (0.76-1.36) 69.2360
 T 104 (25) 142 (23)
rs6555465 G 195 (46) 310 (48) 0.4399 0.5072 1.09 (0.85-1.39) 38.5472 0.5010 1.09 (0.85-1.41) 38.0760
 A 231 (54) 338 (52)
rs673400 C 178 (43) 278 (43) 0.0062 0.9371 1.01 (0.79-1.30) 71.2196 0.9280 0.99 (0.76-1.28) 70.5280
 G 238 (57) 368 (57)
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Table III. Continued.

  Control, Case,     Adjusted Adjusted Adjusted
SNP Allele n (%) n (%) χ2 P‑value OR (95% CI) P(Bonferroni) P‑value OR (95% CI) P(Bonferroni)

rs6889822 G 268 (64) 417 (65) 0.0594 0.8073 1.03 (0.80-1.34) 61.3548 0.5000 1.10 (0.84-1.43) 38.0000
 A 148 (36) 223 (35)
rs8004738 G 184 (44) 275 (44) 0.0092 0.9236 1.01 (0.79-1.30) 70.1936 0.6650 1.01 (0.82-1.37) 50.5400
 A 232 (56) 351 (56)
rs1003349 G 238 (57) 392 (60) 0.8897 0.3456 1.13 (0.88-1.45) 26.2656 0.2340 1.17 (0.90-1.51) 17.7840
 T 178 (43) 260 (40)
rs1032295 T 320 (75) 523 (80) 3.1870 0.0742 1.30 (0.97-1.74) 5.6392 0.1130 1.28 (0.94-1.73) 8.5880
 G 106 (25) 133 (20)
rs1042522 C 184 (44) 304 (47) 0.8170 0.3660 1.12 (0.88-1.43) 27.8160 0.4090 1.11 (0.86-1.44) 31.0840
 G 236 (56) 348 (53)
rs1052443 C 281 (67) 457 (71) 1.7602 0.1846 1.20 (0.92-1.56) 14.0296 0.1610 1.22 (0.93-1.60) 12.2360
 A 139 (33) 189 (29)
rs12504628 T 305 (72) 475 (72) 0.0847 0.7710 1.04 (0.79-1.37) 58.5960 0.9810 1.04 (0.76-1.33) 74.5560
 C 121 (28) 181 (28)
rs1695 G 72 (17) 126 (19) 0.6673 0.4140 1.14 (0.83-1.57) 31.4640 0.4650 1.13 (0.82-1.57) 35.3400
 A 346 (83) 530 (81)
rs1800469 C 182 (44) 315 (48) 2.1252 0.1449 1.20 (0.94-1.54) 11.0124 0.2010 1.74 (1.35-2.27) 15.2760
 T 234 (56) 337 (52)
rs20541 T 118 (28) 228 (35) 5.3633 0.0206a 1.37 (1.05-1.79) 1.5656 0.0280a 1.36 (1.04-1.80) 2.1280
 C 302 (72) 426 (65)
rs2070600 G 312 (73) 529 (81) 8.1712 0.0043a 1.52 (1.14-2.03) 0.3268 0.0130a 1.47 (1.08-1.98) 0.9880
 A 114 (27) 127 (19)
rs2853209 A 191 (45) 305 (47) 0.1953 0.6586 1.06 (0.83-1.35) 50.0536 0.9890 0.10 (0.77-1.29) 75.1640
 T 231 (55) 349 (53)
rs4073 A 185 (44) 300 (46) 0.5198 0.4709 1.10 (0.86-1.40) 35.7884 0.2530 1.16 (0.90-1.50) 19.2280
 T 235 (56) 348 (54)
rs6937121 T 254 (60) 423 (65) 2.1263 0.1448 1.21 (0.94-1.56) 11.0048 0.1720 1.20 (0.92-1.56) 13.0720
 G 166 (40) 229 (35)
rs6957 G 150 (36) 241 (37) 0.0802 0.7771 1.04 (0.80-1.34) 59.0596 0.6830 1.06 (0.81-1.38) 51.9080
 A 268 (64) 415 (63)
rs1051730 C 403 (97) 641 (97) 0.2343 0.6284 1.20 (0.57-2.52) 47.3252 0.6480 1.17 (0.60-2.29) 49.2480
 T 11 (3) 21 (3)
rs10947233 G 299 (72) 526 (79) 7.4524 0.0063a 1.49 (1.12-1.98) 0.4788 0.0060a 1.51 (1.12-2.03) 0.4560
 T 115 (28) 136 (21)
rs11106030 C 355 (85) 560 (85) 0.0013 0.9716 1.01 (0.71-1.42) 73.8416 0.7030 1.07 (0.75-1.52) 53.4280
 A 63 (15) 100 (15)
rs1130864 T 23 (6) 43 (7) 0.6081 0.4355 1.23 (0.73-2.07) 33.0980 0.3890 1.24 (0.77-2.00) 29.5640
 C 389 (94) 591 (93)
rs1800629 G 379 (90) 627 (95) 7.8793 0.0050a 1.94 (1.21-3.10) 0.3800 0.0060a 1.97 (1.21-3.21) 0.4560
 A 41 (10) 35 (5)
rs2241712 A 188 (45) 342 (52) 3.9820 0.0460a 1.28 (1.00-1.64) 3.4960 0.0498a 1.24 (0.96-1.59) 3.7848
 G 226 (55) 320 (48)
rs2280090 G 395 (94) 629 (95) 0.9844 0.3211 1.30 (0.77-2.20) 24.4036 0.4640 1.22 (0.72-2.06) 35.2640
 A 27 (6) 33 (5)
rs2395730 A 119 (28) 209 (32) 1.3886 0.2386 1.17 (0.90-1.54) 18.1336 0.0850 1.28 (0.97-1.69) 6.4600
 C 303 (72) 453 (68)
rs2736118 A 397 (94) 630 (95) 0.6150 0.4329 1.24 (0.72-2.12) 32.9004 0.2850 1.36 (0.78-2.37) 21.6600
 G 25 (6) 32 (5)
rs2736122 C 388 (94) 632 (95) 1.5783 0.2090 1.41 (0.82-2.42) 15.8840 0.0510 1.77 (1.02-3.07) 3.8760
 T 26 (6) 30 (5)
rs3817928 A 370 (89) 596 (90) 0.1202 0.7288 1.07 (0.72-1.61) 55.3888 0.4410 1.17 (0.78-1.76) 33.5160
 G 44 (11) 66 (10)
rs584367 T 91 (22) 152 (23) 0.1399 0.7083 1.06 (0.79-1.42) 53.8308 0.8590 1.03 (0.76-1.39) 65.2840
 C 323 (78) 510 (77)



BIOMEDICAL REPORTS  3:  853-863,  2015 859

each variable in Table IV) COPD = 1/[1 + exp (-2.4933-1.2197 
gender + 1.1842 respiratory infection in early life + 2.4350 low 
birth weight + 1.8524 smoking - 1.1978 rs2070600 + 2.0270 
rs10947233 + 1.1913 rs10947233 + 0.6468 rs1800629 + 0.5272 
rs2241712 + 0.4024 rs1205)] (when the value is >0.5). For 
example, if the value calculated using the formula above is 
>0.5 for an individual, it can be speculated that the patient is 
more likely to develop COPD prior to becoming symptomatic.

Validation of the model. The Hosmer-Lemeshow test 
showed no significant deviation between the observed and 
predicted events, suggesting an excellent goodness of fit. 
Table V shows the results of the test (χ2=3.948, P=0.862). Data 
of gender, history of early life respiratory infection, low birth 
weight, smoking and SNPs identified by logistic regression of 
30 COPD patients and 20 healthy controls were entered into 
the formula, and the values calculated were compared to the 
observed status. In total, 25 patients obtained values >0.5, and 
17 healthy controls had values <0.5 (Table VI). The sensitivity 
was 83%, specificity was 85%, false negative was 16%, false 
positive was 15% and Youden index was 0.68.

Discussion

In the present case-control study of 682 participants whose 
pulmonary function spanned a broad spectrum, a predictive 
model for development of COPD with a modest sensitivity and 
specificity was constructed by incorporating demographic, 
clinical and genetic information, and the statistical model fitted 
well with the set of observations by the Hosmer-Lemeshow 
test. The study suggests that the mathematic formula may 
serve as a helpful tool to identify persons at risk for COPD 
prior to the onset of symptoms.

Screening for early disease is extremely important, as 
current medication can only relieve symptoms of COPD, 
and it has little effect on the delay of its natural progression. 
Only the person at risk is prospectively identified. Therefore, 
whether preventive measures can be taken to provide impor-
tant opportunities for curbing the progressive nature of the 
disease requires confirmation. Early detection of COPD and 
intervention for smoking cessation is suggested to delay lung 
function decline, to reduce the burden of symptoms and to 
improve the patient quality of life (22,23). However, initially 
there are no evident symptoms, which becomes a barrier to 
detection. Therefore, determining how COPD can be detected 
in the early phase or prior to its onset is required. Given the 
low diagnostic rate in early phase, the risk assessment for 
development appears to be valuable. The accurate prediction 
of the course of airway inflammation in healthy smokers or 
non‑smokers remains a significant challenge.

Thus far, certain studies have focused on identifying tools 
to diagnose COPD in its earliest stage, but to be exact, the 
patients had already presented more or less airway limitation 
at the time. These tools are not able to play a sufficient role in 
identifying the healthy subjects at high risk. For instance, as 
reviewed by Grouse (24), in the study of Bai among Chinese 
patients, low-dose computed tomography lung scanning 
diagnosed early COPD when only ~10% of the lung func-
tion was affected. Ley-Zaporozhan and Kauczor (25) made 
an early diagnosis by measuring the airway diameter and 
wall thickness. Fain et al (26) demonstrated presymptomatic 
detection of degraded pulmonary function in smokers using 
diffusion-weighted 3He magnetic resonance imaging. These 
studies have provided information, but a single variable 
appears to be rather weak to predict the probability of COPD 

Table III. Continued.

  Control, Case,     Adjusted Adjusted Adjusted
SNP Allele n (%) n (%) χ2 P‑value OR (95% CI) P(Bonferroni) P‑value OR (95% CI) P(Bonferroni)

rs1042714 C 374 (90) 607 (92) 1.1947 0.2744 1.27 (0.83-1.96) 20.8544 0.1440 1.39 (0.90-2.14) 10.9440
 G 40 (10) 374 (90)
rs13147758 A 283 (69) 464 (71) 0.8780 0.3487 1.14 (0.87-1.49) 26.5012 0.3840 1.13 (0.86-1.49) 29.1840
 G 129 (31) 186 (29)
rs1422795 G 61 (15) 108 (16) 0.5395 0.4626 1.14 (0.81-1.60) 35.1576 0.8690 1.03 (0.73-1.46) 66.0440
 A 353 (85) 550 (84)
rs1800796 C 293 (71) 473 (72) 0.1539 0.6948 1.06 (0.80-1.39) 52.8048 0.8250 1.03 (0.78-1.36) 62.7000
 G 121 (29) 185 (28)
rs2236307 C 169 (41) 286 (43) 0.7270 0.3938 1.11 (0.87-1.43) 29.9288 0.4150 1.11 (0.86-1.44) 31.5400
 T 245 (59) 372 (57)
rs2280091 A 383 (93) 611 (93) 0.1518 0.6968 1.10 (0.68-1.77) 52.9568 0.5020 1.17 (0.74-1.87) 38.1520
 G 31 (7) 45 (7)
rs2853676 G 335 (81) 544 (83) 0.4538 0.5005 1.12 (0.81-1.54) 38.0380 0.2770 1.20 (0.86-1.67) 21.0520
 A 77 (19) 112 (17)
rs868966 A 205 (50) 337 (51) 0.2934 0.5880 1.07 (0.84-1.37) 44.6880 0.7890 1.04 (0.80-1.34) 59.9640
 G 209 (50) 321 (49)

aP<0.05, significant difference is for the alleles between COPD and controls. χ2 test and logistic analysis were used. Logistic analysis was adjusted 
by potential confounders, including age, gender and smoking history. COPD, chronic obstructive pulmonary disease; OR, odds ratio; CI, confidence 
interval.
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development. A predictive model is required to estimate the 
risk prior to onset of the disease. The present model possibly 
aids to calculate the estimation.

Certain previous studies regarding prediction in the fields 
of COPD may be taken as examples, but they do not refer 
to the pathogenesis. Schembri et al (27) created a model to 
evaluate the risk of hospitalization and mortality in COPD 
patients. Castaldi et al (28) set up predictive models for FEV1 
and the presence of severe COPD in α‑1‑antitrypsin deficiency, 
as this information could be used to inform treatment and 
monitoring decisions. Bacteria play a leading role in acute 
exacerbations of COPD. A simple prediction model developed 
by Lode et al (29) based on certain factors can identify patients 
at low risk for exacerbations with gram-negative enteric bacilli 
and Pseudomonas aeruginosa. To the best of our knowledge, a 
model for COPD development in Chinese patients has not been 
generated except for the present study.

The present mathematical formula aids in the comprehen-
sion of the risk of an individual for whether they smoke or 
not, as the model includes genetic data summarized from 
genotyping 76 SNPs in addition to demographic and clinical 
information. Genetic polymorphisms must be taken into 
consideration, as COPD is a result of an interaction of genetics 
and environment. The present case‑control study verified that 
the rs2353397 C allele (HHIP), rs1800629 G allele (TNF‑α), 
rs2241712 A allele (TGF‑β1), rs1205 C allele (CRP), rs20541 
T allele (IL‑13), rs2070600 G allele (AGER) and rs10947233 
G allele (PPT2) were the risk allelic genes for COPD in a 
Chinese population. The HHIP gene encodes a glycoprotein 
that is a critical regulator of the hedgehog signaling pathway. 
The pathway has been indicated in development, repair and 
cancer in multiple tissues (30). Several gene studies regarding 
TNF‑α SNPs also identified that its promoter polymorphism 
was associated with chronic bronchitis or the extent of emphy-
sematous changes, among which two were carried out in the 
Caucasian population (31,32) and two in the Japanese popula-
tion (33,34). The TGF‑β1 SNPs has been explored in the study 
by Su et al (35), which revealed that more COPD patients 
carried the -800A allele and fewer carried the -509T allele, 
but there were only 84 COPD and 97 controls who partici-
pated in the study. The IL‑13 SNPs, rs2066960, rs20541 and 
rs1295685, were associated with the COPD risk and a lower 

Table IV. Definition of variables for logistic regression 
analysis.

Variables COPD, n Control, n P-value

Group
  1=COPD 331
  0=control  351
Gendera

  1=male 298 326 <0.001
  0=female   33   25
Respiratory infection
in childhooda

  1=yes   49   15 <0.001
  0=no 282 336
Low birth weighta

  1=yes   30     2 <0.001
  0=no 301 349
Environmental pollution
  1=yes 103 139
  0=no 228 212
Smokinga

  1=yes 285 214 <0.001
  0=no   46 137
Family history
of lung diseases
  1=yes   42   50
  0=no 289 301
rs2353397
  CT=1 0 140 144
  TT=0 0   70 179
  CC=0 1 121   28
rs2070600a

  GA=1 0 103 134 <0.01
  AA=0 0   12   17
  GG=0 1 213 200
rs10947233a

  GT=1 0 112 135 <0.001
  TT=0 0   12   26
  GG=0 1 207 190
rs1800629a

  GA=1 0   35   56 <0.001
  AA=0 0     0     6
  GG=0 1 296 289
rs2241712a

  AG=1 0 158 170 <0.001
  GG=0 0   81 105
  AA=0 1   92   76
rs1205a

  CT=1 0 168 166 <0.01
  TT=0 0   89 124
  CC=0 1   70   61
rs20541
  TC=1 0 150 137
  CC=0 0 138 184
  TT=0 1   39   30

aSignificant variables in the final predictive model. COPD, chronic 
obstructive pulmonary disease.

Table V. Contingency table for Hosmer-Lemeshow test.

 Group=0 Group=1
 ---------------------------------------------- --------------------------------------------
Step no. Observed Expected Observed Expected Total

1 63 63.037   5 4.963 68
2 54 55.469 14 12.531 68
3 46 47.648 22 20.352 68
4 47 40.928 21 27.072 68
5 37 36.028 31 31.972 68
6 28 31.752 40 36.248 68
7 26 27.886 42 40.114 68
8 24 23.280 44 44.720 68
9 19 17.677 50 51.323 69
10   7 7.296 61 60.704 68
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baseline lung function in Caucasian patients based on the 
study by Beghé et al (36). The same SNPs as Beghé et al 
were chosen to analyze, but the present results only showed 

that rs20541 may be of significance in susceptibility in the 
Chinese population. Sunyer et al (37) assessed the association 
between CRP SNP (rs1205) and lung function, and identified 

Table VI. Validation of the predictive model.

   Respiratory Low birth        Model
No. Group Gender infection weight Smoking rs207060 rs10947233 rs10947233 rs1800629 rs2241712 rs1205 value

1 1 1 0 0 1 0 0 1 0 0 1 0.57
2 1 1 1 0 1 1 1 0 1 0 1 0.23
3 1 1 0 0 1 0 0 1 0 1 0 0.54
4 1 0 0 0 1 0 0 1 1 0 0 0.23
5 1 0 0 0 0 1 1 0 0 1 0 0.76
6 1 1 0 0 1 1 1 0 0 1 1 0.53
7 1 1 0 0 1 0 0 1 0 0 0 0.66
8 1 1 0 0 1 0 0 1 0 0 0 0.66
9 1 1 0 0 0 0 0 1 0 1 0 0.88
10 1 1 0 0 1 1 1 0 0 1 1 0.53
11 1 1 0 0 1 0 0 1 0 0 0 0.66
12 1 0 0 0 1 0 0 1 0 1 1 0.19
13 1 1 0 0 1 0 0 1 0 0 0 0.66
14 1 1 0 0 1 0 0 1 0 0 1 0.57
15 1 1 0 0 1 0 0 1 0 1 0 0.54
16 1 1 0 0 1 1 1 0 1 0 0 0.59
17 1 1 0 0 1 1 1 0 0 1 0 0.62
18 1 1 0 0 1 0 0 1 0 0 0 0.66
19 1 1 0 0 0 0 0 1 1 0 1 0.81
20 1 1 0 0 1 1 1 0 0 0 1 0.65
21 1 1 0 0 1 0 0 1 0 1 0 0.54
22 1 1 0 0 1 1 1 0 1 0 1 0.50
23 1 0 0 0 1 0 0 1 0 0 0 0.37
24 1 1 0 0 1 1 1 0 1 0 0 0.59
25 1 1 0 0 1 1 1 0 0 1 0 0.62
26 1 1 0 0 1 1 1 0 0 1 0 0.62
27 1 1 0 0 1 1 1 0 0 0 1 0.65
28 1 1 0 0 0 1 1 0 0 0 0 0.95
29 1 1 0 0 0 0 0 1 0 0 0 0.93
30 1 1 0 0 0 0 0 1 0 1 0 0.88
31 0 1 1 0 1 1 1 0 0 1 1 0.25
32 0 1 0 0 1 1 1 0 0 0 1 0.65
33 0 0 1 0 0 0 0 1 0 0 1 0.43
34 0 0 0 0 0 1 1 0 0 1 1 0.68
35 0 0 0 0 1 1 1 0 0 0 0 0.45
36 0 1 0 0 0 0 0 1 1 1 1 0.72
37 0 1 0 0 1 1 1 0 1 1 0 0.46
38 0 0 0 0 0 0 0 1 1 1 1 0.43
39 0 1 1 0 1 0 0 1 0 1 1 0.19
40 0 1 0 0 1 0 0 1 1 1 0 0.38
41 0 1 1 0 1 0 0 1 0 0 0 0.37
42 0 1 0 0 1 0 0 1 1 1 1 0.29
43 0 1 0 1 1 1 1 0 0 0 0 0.20
44 0 1 0 0 1 0 0 1 1 1 0 0.38
45 0 1 0 0 1 0 1 0 1 1 0 0.21
46 0 1 1 0 1 1 1 0 0 1 0 0.34
47 0 1 0 0 1 0 0 1 1 1 0 0.38
48 0 1 1 0 1 1 1 0 1 1 1 0.15
49 0 1 0 0 1 0 0 1 1 1 0 0.38
50 0 1 0 0 1 0 0 1 1 1 1 0.29
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that the TT homozygote in the CRP gene was associated with 
improved lung function. The present results identified that the 
TT genotype protects patients against COPD, which is similar 
to the study by Sunyer et al, as COPD is characterized by 
airflow limitation according to lung function. Based on these 
findings, further research is required to improve the under-
standing of the gene function in the pathogenesis of COPD. 
In all the predictive genetic variants that reached the levels of 
significance in the univariate analysis, five SNPs (rs2070600, 
rs10947233, rs1800629, rs2241712 and rs1205) were retained 
through the stepwise variable selection procedure and were 
incorporated into the final predictive model.

The present study had certain limitations. First, with a 
larger study sample size, the mathematical formula would 
have improved the prediction accuracy. Second, further vali-
dation in a much larger population is required. Third, although 
97 SNPs were selected for the study of genetic susceptibility, 
further GWAS are required in the Chinese population in order 
to identify more associated loci, as it is likely that more genetic 
risk factors would enter the final model.

In conclusion, the present study has established a predictive 
model for COPD development in a Chinese population, but 
there remains room for improvement in predictive accuracy. 
Larger sample sizes for model development and validation will 
allow for the production of more powerful risk prediction tools.
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