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Background: Studies over the past two decades have reported associations between GSTM1 

(glutathione S-transferase mu 1) null genotype and chronic obstructive pulmonary disease 

(COPD) or lung cancer. However, a modifier or confounding effect from COPD mediating the 

GSTM1 association with lung cancer has not been previously explored.

Aim and methods: This variant was examined in a case-control study of current or former 

smokers with COPD (n = 669), lung cancer (n = 454), or normal lung function (n = 488). Sex, 

age, and smoking history were comparable between groups.

Results: The GSTM1 null genotype was found to be more frequent in smokers with COPD 

alone (odds ratio [OR] 1.30, 95% confidence interval [CI] 1.02–1.66, P = 0.031) and lung 

cancer (OR 1.26, 95% CI 0.96–1.65, P = 0.083) than in matched smokers with normal lung 

function (62%, 61%, and 56%, respectively). However, when smokers with lung cancer were 

subgrouped according to the presence of COPD, then the association with all COPD subjects 

(OR 1.34, 95% CI 1.07–1.70, P = 0.010) and with COPD and lung cancer (OR 1.50, 95% CI 

1.06–2.12, P = 0.018) continued to be significant while that with lung cancer only was reduced 

(OR 1.11, 95% CI 0.78–1.56, P = 0.55). These associations were independent of age, sex, height, 

lung function, and smoking history.

Conclusion: Findings suggest that COPD is an important subphenotype of lung cancer and 

may underlie previously reported associations with the GSTM1 null genotype.

Keywords: lung cancer, chronic obstructive pulmonary disease, GSTM1, association study, 

polymorphism, copy number variant

Introduction
Cigarette smoking is the single most important environmental exposure leading to 

chronic obstructive pulmonary disease (COPD) and lung cancer, accounting for 

85%–90% of cases. Although nearly 50% of deaths from smoking can be attributed 

to these two pulmonary complications, only 10%–20% of smokers are affected, sug-

gesting genetic predisposition may play an important part.1,2 Recently, the authors 

and others have used spirometry to show that COPD is present in 50%–70% of lung 

cancer cases.3–5 This is compared with a COPD prevalence of 15%–20% among smok-

ers randomly recruited from the community.3,6,7 In addition, the presence of COPD is 

associated with a four- to sixfold increased risk of lung cancer compared with com-

munity-recruited smokers3 or smoking controls with normal lung function.6 Given this 

significant overlap (Figure 1), and that the heritability (genetic contribution) of COPD 

(estimated to be 40%–77%) is nearly three times that of lung cancer (estimated to be 

15%–25%),8,9 the authors propose that genes conferring a propensity to COPD may 
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also be relevant in lung cancer susceptibility.10 Specifically 

among smokers, some loci which determine susceptibility 

to COPD may also be important in the  susceptibility to lung 

cancer. Support for this hypothesis comes from recently 

published genome-wide association studies of COPD, lung 

function (forced expiratory volume in 1 second [FEV
1
]), and 

lung cancer that report overlapping loci.11–16 Further support 

for this overlap hypothesis comes from studies where lung 

cancer cases have been subgrouped according to COPD 

status (based on spirometry; Figure 1), and show that COPD-

related single nucleotide polymorphisms (SNPs) are also 

associated with lung cancer, independent of the presence 

of COPD.17,18 Using this approach, some SNP associations 

previously reported for lung cancer have been shown to be 

more closely related to COPD.19 This raises the possibility 

that previously reported genetic associations, or indeed 

genomic (ie, gene expression) associations, for lung cancer 

may in fact represent associations with COPD through a 

modifier or confounding effect.

In the past two decades there has been considerable 

interest in the phase I and II enzymes, which include 

glutathione S-transferase (GST) enzymes, in the metabolism 

and inactivation of smoking-related compounds including 

carcinogens.20 The highly conserved phase II metabolic 

enzymes of the GST family are expressed in the airway 

epithelium and alveolar macrophages.20 The gene for the 

isoenzyme GST Mu 1 (GSTM1) is located in a region of the 

genome susceptible to copy number variation, such that about 

38%–67% of those with European ancestry are homozygote 

for the GSTM1 gene deletion (null genotype or GSTM1*0). 

In a recently reported study it was shown that for those who 

had homozygous gene deletion, the expression of GSTM1 in 

the small airways epithelium and alveolar macrophages is 

approximately one-third of that in those with one or more 

copies.21 This shows that subjects who had homozygous gene 

deletion (GSTM1*0) have significantly reduced expression of 

this enzyme, compared with those carrying at least one copy 

of the gene, in the tissues thought to be directly involved in the 

development of lung cancer and COPD. This finding provides 

compelling evidence of a functional role for the GSTM1 

null genetic variant and might explain why this genotype 

has been found to be associated with an increased risk of 

both lung cancer and COPD in many studies in the past.22–28 

Furthermore, studies have shown the GSTM1 null genotype 

is associated with increased DNA adducts in smokers with 

lung cancer.29 However, none of the lung cancer association 

studies subphenotyped their cases for the presence of 

COPD, so it remains possible that an interactive modifier or 

confounding effect from COPD may have gone undetected. 

This is because the frequency of COPD is estimated to be 

between 50% and 70% in lung cancer cases compared with 

10% and 30% in smoking controls, depending on where they 

were recruited from (Figure 1).3–7 In this study, a recently 

described pseudo-SNP, known to function as a GSTM1 

deletion marker (Figure 2),30 was used and its frequency was 

compared in smoking groups with COPD, lung cancer, and 

normal lung function.

Materials and methods
study subjects
All subjects recruited were of Caucasian ancestry based 

on their grandparents’ descent (all four grandparents of 

 Caucasian descent). Subjects recruited into the study 

were aged 40–80 years with a minimum smoking history 

of 15 pack years and COPD confirmed by a respiratory 

 specialist based on prebronchodilator spirometric criteria. 

All subjects were recruited between 2001 and 2007. Control 

subjects were recruited based on the following criteria: aged 

45–80 years and with a minimum smoking history of 15 pack 

years. Control subjects were volunteers who were identified 

through either a community postal advertisement or while 

attending community-based retired military/servicemen’s 

C

GSTM1 gene (copy number variation)*Wild-type allele
(GSTM1*1)

Null allele
(GSTM1*0)

T

*

Figure 2 GSTM1 (glutathione S-transferase mu 1) gene structure, the gene deletion in 
the null genotype and rs366631 pseudo-single nucleotide polymorphism.30

Note: *Multiple copies of the GSTM1 gene have been reported in non-Caucasian 
ethnicities.30

Is the GSTM1 null effect
associated with COPD, lung

cancer, or both, after
subphenotyping for COPD?  

Smokers with normal
lung function

  Lung cancer
subphenotyped

by COPD 

COPD

Figure 1 Overlapping relationship between chronic obstructive pulmonary disease 
(COPD) and lung cancer in smokers and the susceptibility effect conferred by the 
GSTM1 (glutathione S-transferase mu 1) null genotype.
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clubs located in the same patient catchment as those serving 

the lung cancer and COPD hospital clinics. Lung cancer cases 

were aged .40 years and in 95% of cases their diagnosis 

was confirmed through histological or cytological specimens. 

Nonsmokers (those who had smoked , 100 cigarettes over 

their lifetime) with lung cancer were excluded from the 

study and only primary lung cancer cases with the  following 

 pathological diagnosis were included: adenocarcinoma, 

squamous cell cancer, small-cell cancer, and nonsmall-cell 

cancer (generally large cell or bronchoalveolar subtypes). 

Lung function measurement (prebronchodilator) was 

 performed within 3 months of lung cancer diagnosis, prior 

to surgery, and in the absence of pleural effusions or lung 

collapse on plain chest radiographs. In a minority of lung 

cancer cases, computed tomography evidence of advanced 

disease and/or poor respiratory reserve meant histological 

confirmation was not possible in 5% of cases and spirometry 

was not performed in 7% of cases.

Spirometry was done in 100% of those with COPD 

and the smoking controls, and in 93% of those with lung 

cancer. Lung function conformed to American Thoracic 

Society standards for acceptability and reproducibility, 

with the highest value of the best three blows used for 

classification of COPD status. Spirometry was performed 

using a portable spirometer (Easy-OneTM Spirometer; ndd 

 Medizintechnik AG, Zurich, Switzerland). COPD was defined 

according to the Global Initiative for Chronic Obstructive 

Lung Diseases (GOLD) spirometric criteria of stage II 

or above (FEV
1
/forced vital capacity [FVC] ,70% and 

FEV
1
% predicted #80%) although using prebronchodilator 

measurements.31 For lung cancer cases that had already 

undergone surgery, preoperative lung function performed 

by the hospital lung function laboratory was sourced from 

medical records. Controls with COPD based on spirometry 

(GOLD stage I or above) constituted 50% of the community 

volunteers and were excluded from further analysis. At the 

time of recruitment, all participants gave written informed 

consent and underwent blood sampling for DNA extraction, 

spirometry, and an investigator-administered questionnaire. 

The study was approved by the Multi Center Ethics 

Committee (New Zealand).

study design
The present retrospective case-control study compared smok-

ers of the same ethnicity and comparable demographic vari-

ables (specifically age, sex, and smoking history). The healthy 

(resistant) controls in the current study were carefully chosen 

to be representative of the majority of smokers (60%–80%) 

who have maintained normal or near-normal lung function 

despite decades of smoking.32,33 Using healthy smokers as 

controls allows the association of GSTM1 with COPD and 

lung cancer to be independently assessed. Moreover, COPD-

related genetic associations among those with lung cancer 

(sub-phenotyping for COPD) can also be identified.  This is 

because the resistant smokers best reflect those smokers least 

likely to develop lung cancer or COPD. Similarly, the cases in 

this study are defined according to generally accepted criteria 

for genetic studies of COPD34 and exclude those with GOLD 

stage I criteria, where aging effects or other respiratory 

“insults” (eg, asthma) rather than smoking may be relevant. 

This approach resembles a pharmacogenetic approach or 

experiment where smoking exposure is comparable but phe-

notype misclassification of cases and controls is minimized, 

thereby improving the power to detect differences between 

affected (COPD) and unaffected (resistant) smokers.35

Genotyping
Genomic DNA was extracted from whole blood samples 

using standard salt-based methods and purified genomic 

DNA was aliquoted (10 ng µL−1 concentration) into 

96-well plates. Samples were genotyped using Taqman® 

SNP Genotyping Assays (Applied Biosystems, Foster City, 

CA) utilizing minor groove-binder probes as previously 

described.17–19 The present study investigated the frequencies 

of the GSTM1 null genotype (deletion) in the 1p13.3 region 

by genotyping the SNP rs366631 (assay ID: Custom TaqMan 

SNP Genotyping Assays) according to the methods of Huang 

et al who showed this pseudo SNP can be used as a GSTM1 

deletion marker (Figure 2).30

Analysis
Patient characteristics in the cases and controls were compared 

by analysis of variance for continuous variables and Chi-

square test for discrete variables (Cochran –Mantel–Haenszel, 

odds ratio [OR]). Genotype frequencies for the cases and 

controls were examined separately and compared with the 

scientific literature. Population admixture across groups was 

performed using structure analysis on genotyping data from 

40 randomly selected SNPs.36 Distortions in the genotype 

frequencies were identified between cases and controls using 

two-by-two contingency tables. Given that the functional biol-

ogy and previously published literature supports a difference 

between those homozygote null genotype versus the rest, 

this model was tested between cases and control smokers. 

Based on the literature, with expected GSTM1 null genotype 

frequencies in controls of 0.55 and in cases of 0.66 (based on 
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OR 1.2 from the meta-analyses), a sample size in excess of 

420 in each group is sufficiently powered (at the 90% level) 

to achieve significance at the 0.05 level (two-tailed).

Results
Demographic variables
Characteristics of the lung cancer cases, COPD cases, 

and healthy control smokers are summarized in Table 1 

and described in detail elsewhere.3,18,19 The demographic 

variables and histological subtypes of the lung cancer cases 

(identified in 94% of cases) are comparable to previously 

published data.37 The COPD cases have higher pack year 

exposure than the lung cancer cases and healthy control 

smokers (P , 0.05). This reflects outliers with high smoking 

histories in the COPD group (skewed distribution) and no 

difference exists after log transformation of pack years (data 

not shown). All groups are comparable with respect to age 

started smoking, years smoked, years since quitting, and 

cigarettes/day (Table 1). Overall, the authors believe the 

three groups have comparable smoking exposure that may be 

critical in a gene–environment interaction where a smoking 

dose threshold and/or variable penetrance may alter a genetic 

effect and its related association (OR and P value). The lower 

frequency of current smokers in the lung cancer and COPD 

cases, compared with the healthy smoker group (35%, 40%, 

and 48%, respectively), may reflect the presence of symptoms 

from pulmonary complications of smoking (eg, exertional 

breathlessness from COPD).

The lung cancer cases, COPD cases, and smoking controls 

were also comparable with respect to other aeropollutant 

exposures (Table 1). The lung cancer cases reported higher 

rates of a family history of lung cancer compared with the 

COPD cases and healthy smokers (19%, 11%, and 9%, 

 respectively). Mean height was slightly lower in those 

with lung cancer compared with those in the control group 

(P , 0.05), but height was not different when sex adjustment 

was made. As expected, lung function was worse in the lung 

cancer and COPD cases compared with the healthy smoker 

controls. Testing of lung function (as described above) was 

achieved in 93% of lung cancer cases and allowed stratification 

of results to test for an interactive modifier or confounding 

effect from coexisting COPD in those with lung cancer.

Genotype results
Genotype frequencies for the GSTM1 null genotype (TT 

genotype of the rs366631 C/T pseudo-SNP) are shown in 

Table 2. The genotype frequencies were consistent with 

those reported in the literature21–28 and from the International 

Hapmap Project.38 Moreover, this SNP assay was validated 

using an alternative restricted fragment length polymorphism-

based genotyping method (n = 476 samples) with 100% 

concordance, suggesting significant genotyping error is 

unlikely. No evidence for population stratification was found 

between the case and control groups using 40 unlinked SNPs 

from unrelated genes (mean χ2 = 3.3, P = 0.58).36

The GSTM1 homozygote null genotype (TT genotype 

of the rs366631) was more frequent in smokers with COPD 

alone (OR 1.30, 95% confidence interval [CI] 1.02–1.66, 

P = 0.031) and lung cancer (OR 1.26, 95% CI 0.96–1.65, 

P = 0.083) than in matched smokers with normal lung  function 

(62%, 61%, and 56% respectively; Table 2). However, when 

smokers with lung cancer were subgrouped according to the 

presence of COPD, then the association with all COPD sub-

jects (n = 882, OR 1.34, 95% CI 1.07–1.70, P = 0.010) and 

those with COPD and lung cancer (n = 213, OR 1.50, 95% 

CI 1.06–2.12, P = 0.02) continued to be significant while that 

with lung cancer only became much weaker (OR 1.11, 95% CI 

0.78–1.56, P = 0.55). GSTM1 homozygote null (TT) genotype 

frequencies were 63%, 65%, and 58% respectively versus 

Table 1 summary of the characteristics for the lung cancer, 
COPD, and control smokers

Parameter 
Mean (1 SD)

Lung cancer 
(n = 454)

COPD 
(n = 669)

Control 
smokers 
(n = 488)

% male 53% 59% 60%
Age (years)* 69 (10) 66 (9) 65 (10)
height (m) 1.67 (0.08) 1.68 (0.09) 1.69 (0.09)

Smoking history
Current smoking (%) 35% 40% 48%
Age started (years) 18 (4) 17 (3) 17 (3)
Years smoked 41 (12) 42 (11) 35 (11)
Pack years* 41 (25) 47(20)a 40 (19)
Cigarettes/day 20 (10) 23 (9) 24 (11)
Years since quitting 11.4 (6.7) 9.8 (7.4) 13.9 (8.1)

History of other exposures
Work dust exposure* 63% 59% 47%
Work fume exposure 41% 40% 38%
Asbestos exposure* 23% 22% 16%

Family history
COPD 33% 37% 28%
Lung cancer* 19% 11% 9%

Lung function
FeV1 (L)* 1.86 (0.48) 1.25 (0.48) 2.86 (0.68)
FeV1 % predicted* 73% 46% 99%
FeV1/FVC* 64% (13) 46% (8) 78% (7)
spirometric COPDb,* 51% 100% 0%

Notes: aNo significant difference after log transformation of pack years due to 
skewed distribution; bAccording to Global initiative for Chronic Obstructive Lung 
Diseases stage ii or above criteria. *P , 0.05. 
Abbreviations: sD, standard deviation; COPD, chronic obstructive pulmonary 
disease; FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
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56% in smoking controls (Table 2). These associations were 

independent of age, sex, height, lung function, and smoking 

history in a logistic regression analysis. These results were not 

altered when those with no histological confirmation of lung 

cancer were excluded from the analysis (data not shown).

When the GSTM1 null genotype association was examined 

in the lung cancer cases subdivided according to histological 

subtype (Table 3), no effect for any histological type was 

found, although an underpowered sample size may be relevant 

here. Also, no association was found between this GSTM1 

null genotype and lung function or smoking exposure in the 

lung cancer cases (Table 3). When the COPD cases were 

subgrouped according to the GSTM1 null genotype (Table 4), 

no associations were found with the demographic variables, 

smoking history, GOLD level, or lung function. The latter 

suggests the GSTM1 genotype does not correlate with sever-

ity of COPD.

Discussion
Numerous genetic epidemiological studies have reported 

a positive association between the GSTM1 null genotype 

and both COPD and lung cancer.22–28 Studies have also 

shown that such associations may be explained by bio-

logical (functional) studies showing that the null genotype 

confers reduced GSTM1 expression and increased DNA 

adduct  levels in smokers.21,29 In this study, the GSTM1 null 

genotype was found to be associated with an increased 

risk of both COPD and lung cancer (OR 1.30 and 1.26, 

respectively). The GSTM1 null association with COPD 

reported here was replicated in the lung cancer cases with 

COPD (OR 1.50) and is consistent with many other genetic 

COPD association studies, including large meta-analytical 

Table 2 GSTM1 (glutathione S-transferase mu 1) null genotype 
frequency for the rs366631 single nucleotide polymorphism in 
healthy smokers, COPD, and lung cancer (total and subgrouped 
by COPD) cohorts compared with smoking controls

Primary cohorts 
(call rate %)

GSTM*0 
(TT)

GSTM*1 
(CT, CC)b

Odds ratioa 
(95% CI)a 
P valuea

Controls (n = 476) 
(98%)

265 
(56%)

211 
(44%)

–

COPD* (n = 669) 
(99%)

415 
(62%)

254 
(38%)

1.30 
(1.02–1.66) 
0.03

Lung cancer (n = 447) 
(99%)

274 
(61%)

173 
(39%)

1.26 
(0.96–1.65) 
0.083

Lung cancer subgroup analysesc

Lung cancer with  
COPD* (n = 213)

139 
(65%)

74 
(35%)

1.50 
(1.06–2.12) 
0.018

Lung cancer only  
(n = 203)

118 
(58%)

85 
(42%)

1.11 
(0.78–1.56) 
0.55

COPD subgroup analysis
COPD* and lung cancer  
with COPD* (n = 882)

554 
(63%)

328 
(37%)

1.34 
(1.07–1.70) 
0.010

Notes: aGsTM1*0 versus GsTM1*1 compared to matched smoking controls 
(Cochran–Mantel–haenszel); bCC is only found in those with African descent; 
cspirometry available in 422/454 (93%), COPD* = Global initiative for Chronic 
Obstructive Lung Diseases stage ii or above criteria.
Abbreviations: LC, lung cancer; COPD, chronic obstructive pulmonary disease; 
CI, confidence interval.

Table 3 GSTM1 (glutathione S-transferase mu 1) genotype in the 
lung cancer cases and relationship to demographic variables

Cohort lung cancer GSTM1*0 
(n = 270)

GSTM1*1 
(n = 168)

P value

Demographics
Male 141 (52%) 83 (49%) –
Female 129 (48%) 85 (51%) 0.62
Mean age (years) 67  

(41–91)
68  
(44–91)

0.58

Mean height (cm) 167  
(143–192)

167  
(149–187)

0.78

Smoking history
Mean pack years 41 41 0.41
Mean cigarettes/day 20 (3–73) 20 (2–60) 0.30
Mean total years smoked 41 (2–70) 41 (5–66) 0.72
Currently smoking 106 (39%) 50 (30%) 0.051
ex smoker 146 (54%) 107 (64%) 0.059
non smoker 18 (7%) 11 (6%) 0.99
Self reported COPD
Yes 76 (28%) 51 (30%) 0.67
no/not known 194 (72%) 117 (70%) 0.83
Spirometry (prebronchodilator)
Mean FeV1 absolute (L) 1.67  

(0.44–4.94)
1.71  
(0.45–4.06)

0.59

Mean FeV1 (% predicted) 66.2%  
(13%–140%)

69.1%  
(17%–147%)

0.37

Mean FVC absolute (L) 2.78  
(0.83–6.87)

2.83  
(0.95–5.91)

0.42

Mean FeV1/FVC 60.3%  
(27%–90%)

60.6  
(18%–90%)

0.71

GOLD criteria
GOLD no 70 (26%) 51 (30%) 0.34
GOLD stage i 36 (13%) 28 (17%) 0.33
GOLD stage ii 109 (41%) 53 (32%) 0.83
GOLD stages iii and iV 53 (20%) 36 (21%) 0.71
Histology
small cell 47 (17%) 31 (18%) 0.80
nonsmall cell 23 (9%) 20 (12%) 0.25
Adenocarcinoma 118 (44%) 70 (42%) 0.69
squamous cell 66 (24%) 41 (24%) 0.99
no histology (but CT) 16 (6%) 7 (4%) 0.46

Note: Wilcoxon independent groups or Fisher’s exact test. 
Abbreviations: COPD, chronic obstructive pulmonary disease; FeV1, forced 
expiratory volume in 1 second; FVC, forced vital capacity; GOLD, Global initiative 
for Chronic Obstructive Lung Diseases; CT, computed tomography.
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concluded that if coexisting COPD continues to be ignored 

in lung cancer association studies,26–28 then this apparent 

modifier or confounding effect from COPD will likely go 

unrecognized.

The possibility that COPD has a modifier or confounding 

effect on genetic associations with lung cancer is not new.19,39 

The authors suggested this possibility in 2008, showing, 

in the same smoking cohorts as the present study, that the 

nicotinic receptor subunit 3/5 alpha gene (CHRNA 3/5, 

chromosome 15q25) link with lung cancer11–13 may be more 

strongly associated with COPD than lung cancer.19 The 

CHRNA 3/5 association with COPD has been subsequently 

confirmed in several genome-wide association studies16 

and a validation case-control study.40 The implications of 

this modifier or confounding effect are significant, as any 

previous association reported between lung cancer cases and 

smoking controls could be actually mediated through a COPD 

modifier effect. Such an effect would not be limited to genetic 

association studies but any biomarker studies including 

expression assays where noncancer specimens (eg, bronchial 

biopsies) have been compared between lung cancer cases and 

unaffected controls.41 One of the difficulties with identifying 

coexisting COPD in those diagnosed with lung cancer is 

that COPD results from the insidious loss of lung function, 

with subtle exertional breathlessness that goes undiagnosed 

in 50%–80% of those affected.42 This means spirometry to 

detect airflow limitation, or computed tomography to detect 

emphysema, is required to recognize chronic smokers with 

COPD. Historically, few, if any, studies of lung cancer patients 

have measured pulmonary function tests to subphenotype 

for COPD. This has relevance when trying to develop risk 

models for lung cancer43 or identify pathogenic pathways 

to target chemopreventive treatments.44 By subphenotyping 

lung cancer cases for COPD, the authors have shown that 

several of the recently identified COPD-related SNPs (eg, 

HHIP, FAM13A, and ADAM19) are also relevant in lung 

cancer susceptibility.17,18,45 Indeed, the authors suggest that 

this overlapping effect provides evidence that susceptibility 

among smokers to COPD and lung cancer are related by much 

more than just smoking exposure and also by overlapping 

pathogenetic pathways conferring susceptibility or resistance 

to smoking.44 There is an abundance of molecular biological 

evidence describing these overlapping biological pathways.2,44 

These studies suggest that the pathogenic processes initiated 

by smoking that lead to COPD may also contribute to the 

pathogenic processes leading to lung cancer.10,17–19 Specifically, 

the events leading to COPD, which involve matrix remodeling 

with excess growth factors and matrix metalloproteinases, 

Table 4 GSTM1 (glutathione S-transferase mu 1) genotype in the 
COPD cases and relationship to demographic variables

Cohort COPD GSTM1*0 
(n = 335)

GSTM1*1 
(n = 213)

P value

Demographics
Male 185 (55%) 130 (61%) 0.19
Female 150 (45%) 83 (39%) 0.19
Mean age (years) 65  

(39–84)
65 (42–85) 0.77

Mean height (cm) 168  
(141–190)

169  
(147–188)

0.35

Smoking history
Mean pack years 48 (9–225) 46 (11–153) 0.34
Mean cigarettes/day 23 (5–100) 23 (8–70) 0.67
Mean total years smoked 42 (13–71) 42 (17–64) 0.50
Mean age started smoking 17 (6–48) 17 (10–37) 0.28
Currently smoking 122 (36%) 99 (47%) 0.02
Mean age stopped smoking 55 (30–74) 53 (34–75) 0.34

Other exposures
Asbestos 63 (19%) 41 (19%) 0.91
Dusts 190 (57%) 112 (53%) 0.38
Fumes 129 (39%) 93 (44%) 0.25

Self-reported COPD
Yes 233 (70%) 152 (71%) 0.70
no/not known 102 (30%) 61 (29%) 0.63

Spirometry (prebronchodilator)
Mean FeV1 absolute (L) 1.25  

(0.2–2.72)
1.23  
(0.28–3.56)

0.76

Mean FeV1 (% predicted) 44%  
(8%–79%)

45%  
(14%–98%)

0.93

Mean FVC absolute (L) 2.6  
(0.51–5.58)

2.7  
(0.84–5.85)

0.18

Mean FeV1/FVC 46%  
(18%–69%)

45%  
(18%–69%)

0.35

GOLD criteria
GOLD stage i 0 1 (0.5%) 0.39
GOLD stage ii 136 (41%) 81 (38%) 0.59
GOLD stage iii 109 (33%) 73 (34%) 0.71
GOLD stage iV 90 (27%) 58 (27%) 0.92
GOLD stages iii and iV 199 (59%) 131 (62%) 0.65

Abbreviations: COPD, chronic obstructive pulmonary disease; FeV1, forced 
expiratory volume in 1 second; FVC, forced vital capacity; GOLD, Global initiative 
for Chronic Obstructive Lung Diseases.

studies.22–25 However, after accounting for the presence 

of COPD, the association between the GSTM1 null geno-

type and lung cancer alone was considerably weaker (OR 

1.11). This observation needs to be verified but raises the 

important possibility that the GSTM1 association with lung 

cancer26–28 results from a modifier or confounding effect 

with COPD. This effect from unrecognized COPD in the 

previous lung cancer studies is possible because the fre-

quency of COPD is estimated to be two- to threefold greater 

in lung cancer cases compared with “unaffected” smoking 

controls, depending on how they were recruited.3–6,17 It is 
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are also important in promoting epithelial mesenchymal 

transition, a premalignant change found in both COPD and 

lung cancer.44–48 If this is true, and COPD is part of the causal 

pathway for the development of lung cancer, then the COPD 

effect described here is a modifier effect (rather than a strictly 

confounding effect). This means the GSTM1 null genotype 

primarily increases a smoker’s risk of COPD, a proportion of 

which might also progress to lung cancer. Based on the overlap 

in pathogenic pathways reported in the molecular studies44 and 

the overlapping associations of some the genetic variants in 

genome-wide association studies of COPD and lung cancer,45 

the authors favor a causal relationship. If, alternatively, there 

is no causal relationship linking COPD and lung cancer, then 

COPD might be correctly considered a true confounder. If this 

is true, then any study reporting an association between GSTM1 

and lung cancer could be attributed to a confounding effect from 

unrecognized COPD.26–29,49 In this situation, where COPD does 

not share pathogenic (causal) pathways with lung cancer, any 

association derived from comparing lung cancer with smoking 

controls might suffer a COPD confounding effect.

Conclusion
COPD results from smoking/aeropollutant exposure and 

a genetic predisposition that represents the net effect of a 

variable number of genetic variants (SNPs, copy number 

variations, methylation, and others) that are conferring either 

a protective or susceptibility effect. There is good functional 

data to support a role for the GSTM1 null genotype in 

smoking-related diseases where GSTM1 activity is markedly 

reduced and damage to DNA is more common.21,29 Although 

many studies have reported a weak association (susceptibility 

effect) for both COPD and lung cancer, the authors’ data 

suggests the GSTM1 null effect may be primarily through 

conferring susceptibility to COPD. It is proposed that there 

is good evidence to suggest that previously published lung 

cancer genetic association studies may be vulnerable to a 

COPD modifier or confounder effect and that spirometry 

(and computed tomography, if funding allows) be routinely 

measured in these genetic studies to better distinguish genes 

underlying COPD, lung cancer, both, or neither smoking-

related complication.
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