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Background: Colorectal adenomatous polyps are precancerous lesions of colorectal cancer. 

The aim of this study was to assess the prevalence of colorectal adenomatous polyps in chronic 

obstructive pulmonary disease (COPD) patients and determine whether COPD is associated 

with colorectal malignant potential.

Methods: Subjects who had undergone post-bronchodilator spirometry and colonoscopy and 

were 40 years or older were selected from the hospital database. COPD was defined as a spirom-

etry in which the ratio of forced expiratory volume in 1 second (FEV
1
) and forced vital capacity 

(FVC) is ,0.7 in post-bronchodilator spirometry. The non-COPD group was matched for both 

age and sex, and were defined as having an FEV
1
, FVC, and FEV

1
/FVC $0.7 in spirometry. 

Finally, 333 patients were retrospectively reviewed; of this group, 82 patients had COPD.

Results: Among the subjects, 201 patients (60%) were nonsmokers, while 78 (23%) were 

current smokers. The prevalence of colorectal adenomatous polyps was 39% (98/251) in the 

non-COPD group and 66% (54/82) in the COPD group. Among 54 patients with adenomatous 

polyps in the COPD group, 47 had tubular adenoma and seven had villous adenoma. Multiple 

logistic regression analyses revealed that only COPD patients whom matched to the criteria of 

COPD by pulmonary function test (odds ratio 2.1, 95% confidence interval: 1.1–3.8; P=0.019) 

were independently associated with colorectal malignant potential.

Conclusion: The risk of colorectal malignant potential in the COPD group was higher than in 

the non-COPD group. We may suggest that COPD patients should consider regular colonoscopic 

evaluation to screen for premalignant colon polyps regardless of smoking.

Keywords: COPD, colorectal adenomatous polyp, smoking, chronic obstructive pulmonary 

disease

Introduction
Cigarette smoking causes various types of cancers, including in certain organs not 

directly in contact with the toxic materials of smoke.1 Tobacco smoking contains a large 

number of toxic carcinogens that may bind to DNA, causing genetic damage to normal 

tissue. Tobacco use has been closely linked to increased risk for colon cancer2–4 and 

has been also associated with colorectal adenomatous polyps.5,6 Colorectal adenoma-

tous polyps and certain types of hyperplastic polyps may be transformed to colorectal 

cancer. In particular, adenomatous polyps are known as more highly potential precursor 

lesions for colorectal cancers than hyperplastic polyps.7,8 Botteri et al found a significant 

association between smoking and the incidence of adenomatous polyps.9 The risk of 

colorectal adenoma is related to the dose of tobacco carcinogens such as polycyclic 

aromatic hydrocarbons.10 Smokers are associated with an increased frequency of muta-

tions in the mismatch repair enzymes in colorectal neoplasia, showing a twofold greater 
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risk of adenoma when exposed to .25 pack-years smoking, 

as compared with nonsmokers.11 Smoking is a stronger risk 

factor for benign hyperplastic polyps than adenomatous pol-

yps.12 Tobacco use has been associated with about a two- to 

threefold risk for adenoma, as compared with nonsmokers. 

The risks of both hyperplastic polyps and adenomatous polyps 

are increased with greater cigarette consumption, duration of 

cigarette use, and pack-years of use.13 Hyperplastic polyps 

may also develop into neoplasia through serrated or micro-

satellite unstable pathways.14

Chronic obstructive pulmonary disease (COPD) is a 

growing cause of morbidity and mortality and, by the year 

2020, it is estimated to be the fifth leading cause of disability 

worldwide.15 Smoking is the main cause of COPD, but COPD 

is sometimes independently associated with smoking and 

age.16 Additionally, genetic predisposition, environmental 

smoke, air pollution, and autoimmune thyroid disease are 

the proposed risk factors for COPD.17 Although smoking 

is well known as the cause of adenomatous polyps, few 

studies have evaluated the association between colorectal 

adenomatous polyps and COPD. The goal of this study was 

to assess the prevalence of colorectal adenomatous polyps in 

COPD patients and determine whether COPD is associated 

with colorectal malignant potential.

Materials and methods
Our study was a retrospective, case-control study using data 

from the Ewha Womans University School of Medicine, 

Mokdong Hospital (Seoul, Republic of Korea) database from 

between January 2003 and April 2012. Subjects were patients 

aged 40 years and older who had undergone post-bronchodila-

tor spirometry according to American Thoracic Society (ATS) 

standard/European Respiratory Society (ERS) guidelines 

and colonoscopy.18 A participant’s data was retrieved from 

the list of patients that had undergone both colonoscopy and 

spirometry in the gastroenterology department. COPD patients 

and non-COPD patients were divided according to the results 

of pulmonary function tests, especially by forced expiratory 

volume in 1 second (FEV
1
) and FEV

1
/forced vital capacity 

(FVC). COPD was defined as the presence of a fixed ratio of 

FEV
1
 and FVC of ,0.7 in post-bronchodilator spirometry. 

The non-COPD group was matched for both age and sex, 

and were defined as having an FEV
1
, FVC, and FEV

1
/FVC 

$0.7 in spirometry. Finally, 333 patients were retrospectively 

reviewed and matched with inclusion criteria, and the follow-

ing data were collected: age, sex, height, weight, smoking 

history, comorbidities, colonoscopic findings, and pathology. 

Smoking exposure was documented in the form of pack-years 

(number of packs smoked per day multiplied by the number of 

years smoked). Smokers were divided into the following three 

groups: 1) nonsmokers: those who had never smoked during 

their lifetime; 2) current smokers: those who had smoked .10 

packs of cigarettes during their lifetime and who were smoking 

at the time of the survey; and 3) former smokers: those who had 

quit smoking .1 year ago. Experienced gastroenterologists 

who were blinded to the status of the subjects performed the 

colonoscopies. Polyps were photo-documented and biopsied 

for histologic confirmation. Gastroenterologists described the 

sizes, location sites, and morphology of the colon polyps in 

the computer data. The data of colonoscopic and pathologic 

findings of colon polyps were retrospectively analyzed. This 

study was approved by the Institutional Review Board of the 

Ewha Womans University School of Medicine, Mokdong 

Hospital (ECT 13-29A-21) and the requirements for written 

informed consent before the study were waived because of 

the retrospective nature of this study.

Statistical analysis
Statistical analysis was performed by using SPSS 13 (SPSS 

Inc., Chicago, IL, USA) for interpretation of the effect of 

several factors to colorectal polyps. Descriptive statistics 

including means for continuous data, proportions for categor-

ical data, and standard deviations were calculated. Baseline 

characteristics were compared between the COPD group and 

the non-COPD group classified using chi-square or Fisher’s 

exact test for categorical data and Mann–Whitney U or t-tests 

for continuous data. Univariate analyses were performed and 

all risk factors whose association had a P-value ,0.1 were 

entered into multivariate logistic regression models. The 

relation of COPD to colorectal polyps was analyzed using 

multiple logistic regression to adjust for age and smoking and 

estimate odds ratio (OR) and a 95% confidence interval (CI). 

The OR and 95% CIs were calculated by regression models. 

Statistical significance was defined as a P-value of ,0.05.

Results
A total of 333 patients were enrolled in the present study, 

of which 251 were non-COPD patients, while 82 were 

COPD patients. Table 1 shows the demographic data of the 

non-COPD group and the COPD group. The mean age was 

65 years in both groups, and about 90% of the patients were 

male. Body mass index (BMI) was significantly higher in 

non-COPD patients than COPD patients (25.1±7.7 versus 

22.4±8.7, P,0.001). Of all subjects, 201 (60%) were non-

smokers and 78 (23%) were current smokers. The number 

of lifetime nonsmokers was higher in the non-COPD group 
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than in the COPD group, while the number of pack-years was 

significantly higher in the COPD group, as compared with 

the non-COPD group (23.8±27.1 versus 7.9±14.1, P,0.001, 

respectively). FEV
1
/FVC (predicted %) was significantly 

lower in the COPD group than in the non-COPD group 

(59.1±10.5 versus 80.3±6.1, P,0.001, respectively). FEV
1
 

(predicted %) was also significantly lower in the COPD 

group than in the non-COPD group (73.4±20.4 versus 

106.3±13.3, P,0.001, respectively). The majority of the 

COPD patients belonged to the Global Initiative for Chronic 

Obstructive Lung Disease (GOLD) stages I and II. Those 

patients who belonged to GOLD stages III and IV were 

only 17% (14/82). Table 2 shows the results of pathologic 

findings by colonoscopic biopsy between the COPD group 

and the non-COPD group. Carcinoembryonic antigen (CEA) 

value of serum $10 ng/mL was significantly higher in the 

COPD group than in the non-COPD group (P,0.001). The 

prevalence of adenomatous polyps was 39% (98/251) in the 

Table 1 Baseline characteristics of patients in the COPD group 
and non-COPD group

Variable Non-COPD
(n=251)

COPD
(n=82)

P-value

Age (years) 64±6 65±9 0.385

Male:female 235 (94%): 
16 (6%)

74 (90%): 
8 (10%)

0.304

BMI (kg/m2) 25.1±7.7 22.4±8.7 ,0.001
Smoking

Lifetime nonsmoker 174 (70%) 27 (33%)
Former smoker 25 (10%) 29 (35%)
Current smoker 52 (20%) 26 (32%)

Pack-years 7.9±14.1 23.8±27.1 ,0.001
Pulmonary function test

FVC (L) 5.0±2.2 3.2±0.8 ,0.001
FVC (predicted %) 98.2±65.7 87.3±19.0 ,0.001
FEV1 (L) 2.9±0.5 1.9±0.4 ,0.001
FEV1 (predicted %) 106.3±13.3 73.4±20.4 ,0.001
FEV1/FVC (%) 80.3±6.1 59.1±10.5 ,0.001

Comorbidity, n
Diabetes 23 11
Hypertension 81 43
Lung cancer 1 16
Gastrointestinal cancer 10 1
Radiological inactive  
tuberculosis scar

36 11

GOLD classification

Mild (FEV1 $80%) 34 (42%)

Moderate (50% # FEV1 ,80%) 34 (42%)

Severe (30% # FEV1 ,50%) 12 (15%)

Very severe (FEV1 #30%) 2 (2%)

Note: Data are presented as mean ± standard deviation, number, or number (%).
Abbreviations: COPD, chronic obstructive pulmonary disease; BMI, body mass 
index; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; 
GOLD, Global Initiative for Chronic Obstructive Lung Disease.

non-COPD group and 66% (54/82) in the COPD group. 

Ten patients had confirmed adenocarcinoma, 2% (five) in 

the non-COPD group and 6% (five) in the COPD group, 

respectively. The incidence of tubular adenomas was sig-

nificantly higher in the COPD group than in the non-COPD 

group (P,0.001). There was no statistically significant dif-

ference in the prevalence of adenomatous polyps between 

GOLD criteria within the COPD group (Table 3). Smok-

ing status and BMI showed significant association with 

malignant potential, as verified by the univariate logistic 

regression model. In contrast, the combination of smok-

ing status and BMI could not be verified by the adjusted 

multiple logistic regression. Multiple logistic regression 

analyses revealed that only COPD combined status which 

defined pulmonary function test (adjusted OR =2.1, 95% 

CI: 1.1–3.8; P=0.019) was independently associated with 

colorectal malignant potential (Table 4).

Discussion
We found a significant association between the presence of 

COPD and the incidence of colorectal adenomatous polyps. 

The unique finding of this research was that only COPD, 

regardless of the status of smoking, has an apparent correla-

tion with colorectal adenomatous polyps. Several studies 

demonstrated that smoking is the important cause of colorec-

tal polyps and colon cancer.2–5,19 Smoking history, including 

former smokers and current smokers, is associated with an 

increased risk of colorectal cancer.20 Liang et al demon-

strated a significantly increased risk for current smokers and 

Table 2 The results for pathologic findings of colonoscopic 
biopsy between the COPD group and non-COPD group

Variable Non-COPD
(n=251)

COPD
(n=82)

P-value

CEA ,0.001
Value ,5 ng/mL 229 (91%) 49 (60%)

5–10 ng/mL 16 (6%) 17 (21%)

Value $10 ng/mL 6 (2%) 16 (20%)

Colonoscopic finding
Normal findinga 123 (49%) 24 (29%) 0.002

Confirmed by biopsy
Hyperplastic polyp 22 (9%) 7 (9%) 0.949
Adenomatous polyp

Tubular adenoma 89 (36%) 47 (57%) ,0.001
Villous adenoma 9 (4%) 7 (9%) 0.069

Adenocarcinoma 5 (2%) 5 (6%) 0.059
Inflammatory polyp 34 (14%) 13 (16%) 0.602

Notes: Data are presented as number (%). aA normal finding included a normal, 
hemorrhoid, and/or diverticulum finding by colonoscopy.
Abbreviations: COPD, chronic obstructive pulmonary disease; CEA, carcinoem
bryonic antigen.
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former smokers in terms of mortality related with colorec-

tal cancers (relative risk =1.4 versus 1.15, respectively).21 

Many studies have demonstrated that long-term cigarette 

smokers had a two- to threefold increased risk of colorectal 

adenoma.4 Shin et al showed that former smokers (OR =1.31, 

95% CI: 1.04–1.65) and current smokers (OR =1.70, 95%  

CI: 1.37–2.11) had increased risks for adenomas, as compared 

with nonsmokers in the Korean population.22 A previous 

study revealed that cigarette smoking has a strong relation-

ship with the development of colorectal adenomas but is not 

closely associated with colorectal cancer. The main effect of 

smoking on the colorectal adenoma–carcinoma sequence may 

occur in the earlier stages of the formation of adenoma and 

the development of carcinoma in situ.23 Unknown sequential 

processes of genetic alterations in the normal colon epithelium 

may transform to adenoma and then change to carcinoma.7 

Cigarette smoking induces continuous inflammation and 

infection throughout the human body. Cigarette smoking 

can facilitate tumor growth by induction of angiogenesis and 

suppression of cell-mediated immunity.24 Many malignan-

cies arise from the sites of infections and inflammations.25  

The strongest association of chronic inflammation with 

malignancies is colon carcinogenesis in subjects with chronic 

inflammatory bowel diseases.26 Cyclooxygenase (COX)-2 con-

verts arachidonic acid to prostaglandins inducing inflammatory 

reactions in damaged tissues. Nonsteroidal anti-inflammatory 

drugs (NSAIDs) and aspirin inhibit COX-1 and COX-2. The 

long-term uses of aspirin and NSAIDs reduce colon cancer 

risk by 40%–50% and have been tried as chemopreventive 

agents for lung cancer, colon cancer, and stomach cancer.27,28 

Although the most common cause of COPD is known to be 

cigarette smoking, the incidence of nonsmokers as a portion of 

COPD patients is increasing because of occupationally associ-

ated chronic inflammations and indoor air pollution caused by 

the burning of biomass fuels.29 Although there have been a 

lot of studies regarding the association between smoking and 

colorectal adenomatous polyps, there is no research to deter-

mine whether COPD is the cause of colorectal adenomatous 

polyps and colon cancer. The present study suggests that the 

presence of COPD is the cause of colorectal adenomatous 

polyps regardless of a history of smoking. Smoking induces 

chronic inflammatory situations in the entire body, including 

Table 3 The analyses for colonoscopic findings of COPD patients by GOLD classification

Variable FEV1 $80%  
(n=34)

50% # FEV1 ,80%  
(n=34)

FEV1 ,50%  
(n=14)

P-value

Colonoscopic finding
Normal findinga 11 9 4 0.866

Confirmed by biopsy
Hyperplastic polyp 3 3 1 0.979
Adenomatous polyp

Tubular adenoma 20 18 9 0.750
Villous adenoma 3 2 2 0.637

Advanced cancer 0 3 2 0.117
Inflammatory polyp 5 8 0 0.124

Notes: Data are presented as number. aA normal finding included a normal, hemorrhoid, and/or diverticulum finding by colonoscopy.
Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; FEV1, forced expiratory volume in 
1 second.

Table 4 Univariate and multivariate analysis of factors contributing to colorectal malignant potentiala

Variable Univariate  
hazard ratio (95% CI)

P-value Multivariate  
hazard ratio (95% CI)

P-value

Age 1.024 (0.992–1.056) 0.144 1.012 (0.979–1.046) 0.486
Male sex 2.485 (0.960–6.431) 0.061 2.490 (0.900–6.888) 0.079
BMI (kg/m2) 0.894 (0.829–0.964) 0.004 0.931 (0.858–1.010) 0.085
Smoking status 0.895

Nonsmoker 1 1
Former smoker 1.930 (1.052–3.541) 0.034 1.177 (0.598–2.314)
Current smoker 1.356 (0.789–2.303) 0.260 1.041 (0.589–1.839)

COPD patients 2.357 (1.417–3.923) 0.001 2.058 (1.126–3.764) 0.019

Notes: Multiple logistic regression analysis was adjusted for age, sex, BMI, smoking status, and COPD combined. aColorectal malignant potential includes both adenomatous 
polyps and adenocarcinoma on pathologic findings of colonoscopy.
Abbreviations: BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease.
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the lungs. Most of the COPD patients have chronic inflam-

matory lung diseases and their immune conditions are weaker 

than in non-COPD subjects. This study also demonstrated the 

association between BMI and COPD. Abdominal obesity is a 

strong independent risk factor of insulin resistance in men.30–32 

Several studies showed that adipose tissue distribution, espe-

cially around the waist, was the main factor in the association 

between obesity and adenomatous polyps.33,34 In contrast, 

our study showed that COPD patients with a low BMI were 

associated with a high incidence of colorectal adenomatous 

polyps. COPD patients generally have low BMI because of 

chronic inflammation, and the association between BMI and 

adenomatous polyps was inverse in COPD patients.

The present study has several limitations. First, this 

study was performed only in an university hospital and was 

not a multicenter study. However, the study hospital was an 

average university hospital located in a city. Therefore, the 

characteristics of the study population might be similar to 

that in other urban hospitals. Second, some important factors 

affecting the development of malignant potential, such as 

alcohol history, family history of colon cancer, other gastro-

intestinal diseases, and use of NSAIDs, were not collected 

due to the limitations of a retrospective study. The main aim 

of the present study was to evaluate the association between 

colorectal adenomatous polyps and COPD patients (defined 

by a spirometric criterion). Therefore, this limitation will be 

supported by a prospective randomized study including the 

individual history. Third, no clinical diagnosis of COPD was 

made in the present study. However, most early-stage COPD 

patients do not feel respiratory symptoms and the spirometric 

criteria may be an objective method for diagnosis of COPD 

in a population-based study. Fourth, most of the COPD 

subjects were male patients. The low prevalence of COPD 

patients among Korean females is due to small incidence of 

female smokers.

Conclusion
The present research demonstrates that there was an associa-

tion with increased colorectal adenomatous polyps in COPD 

patients, regardless of their smoking status. The results of our 

study present the development of the possibility that many 

kinds of chronic inflammatory conditions are the important 

risk factors that evoke colon malignancy.

A regular colonoscopy may be helpful for detecting pre-

malignant colorectal adenomatous polyps or colon cancers 

in COPD patients regardless of whether the COPD patients 

are nonsmokers or former smokers. A large randomized 

prospective study is needed to confirm the results of the 

present study.
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