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1.57–2.95) for COPDþTB, and 1.76 (95% CI, 1.04–2.97) and 2.04

(95% CI, 1.02–4.09) for individuals with asthmaþTB. Specifically, small

cell carcinoma (SmCC) HRs among men were 3.65 (95% CI, 1.97–6.80),
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Abstract: Effects of pulmonary diseases [asthma, chronic obstructive

pulmonary disease (COPD), and lung tuberculosis (TB)] on subsequent

lung cancer development have been reported. However, whether

patients with coexisting pulmonary diseases are at greater risk of

developing various histologic types of lung cancer remains elusive.

Patients newly diagnosed with lung cancer between 2004 and 2008

were identified from National Health Insurance Research Database

(Taiwan). The histologic types of lung cancer were further confirmed

using Taiwan Cancer Registry Database. Cox proportional hazard

regression was used to calculate the hazard ratio (HR) of coexisting

asthma, COPD and/or TB to estimate lung cancer risk by histologic type.

During the study period, 32,759 cases of lung cancer were identified

from 15,219,024 residents age 20 years and older, who were free from the

disease before 2003. Coexisting pulmonary diseases showed stronger

association with lung cancer than specific lung disorders. Specifically,

among men, the HRs for squamous cell carcinoma (SqCC) were 3.98

(95% CI, 3.22–4.93), 2.68 (95% CI, 2.45–2.93), and 2.57 (95% CI, 2.10–

3.13) for individuals with asthmaþCOPDþTB, asthmaþCOPD, and

COPDþTB, respectively. Among women, the HRs for SqCC were

3.64 (95% CI, 1.88–7.05), 3.35 (95% CI, 1.59–7.07), and 2.21 (95%

CI, 1.66–2.94) for individuals with TB, COPDþTB, and asthmaþCOPD,

respectively. Adenocarcinoma HRs for men and women were 2.00 (95%

CI, 1.54–2.60) and 2.82 (95% CI, 1.97–4.04) for individuals with

asthmaþCOPDþTB, 2.28 (95% CI, 1.91–2.73) and 2.16 (95% CI,
Wen-Yuan Ku, MS, Ho, PhD,
Yung-Po Liaw, PhD

2.20 (95% CI, 1.45–3.36), and 2.14 (95% CI, 1.86–2.47) for those with

asthmaþTB, asthmaþCOPDþTB, and asthmaþ COPD, respectively.

Among women, the HRs of SmCC were 8.97 (95% CI, 3.31–24.28), 3.94

(95% CI, 1.25–12.35) and 3.33 (95% CI, 2.23–4.97) for those with

asthmaþCOPDþTB, COPDþTB, and asthmaþCOPD, respectively.

Patients with coexistence of pulmonary diseases were more suscept-

ible to lung cancer. Affected persons deserve greater attention while

undergoing cancer screening.

(Medicine 93(27):e127)

Abbreviations: CI = confidence interval, COPD = chronic

obstructive pulmonary disease, HR = hazard ratio, ICD-9-CM =

International Classification of Diseases, Ninth Revision, Clinical

Modification code, ICD-O = International Classification of

Diseases for Oncology, NHIRD = National Health Insurance

Research Database, RR = relative risk, SmCC = small cell

carcinoma, SqCC = squamous cell carcinoma, TB = tuberculosis,

TCRD = Taiwan Cancer Registry Database.

INTRODUCTION

L ung cancer is the second leading disease contributing to
years of life lost in the United States.1 Recent evidence

suggested that chronic inflammation may be involved in lung
carcinogenesis.2 Among lung diseases with chronic inflam-
mation, asthma,3 chronic obstructive pulmonary disease
(COPD),4,5 and pulmonary tuberculosis (TB)6 have been associ-
ated with lung cancers. Asthma increases the risks of squamous
cell carcinoma (SqCC) and small cell carcinoma (SmCC).7

COPD is a risk factor of the SqCC histological subtype.8 TB
has been independently associated with an elevated risk of
SqCC, SmCC, and adenocarcinoma.9 A direct association
between TB and adenocarcinoma was found in nonwesternized
countries.10 Lung cancer risks increased greatly in patients with
coexisting TB and COPD.11

To characterize the relationship between coexisting pul-
monary diseases (COPD, asthma, and/or TB) and risk of
developing various histologic types of lung cancer, a popu-
lation-based cohort study is highly desirable but has rarely been
conducted. In this study, we conducted a cohort study in
Taiwanese population using the National Health Insurance
Research Database (NHIRD) with a follow-up period of 5 years.

METHODS

Data Source

eneralized data retrieved from NHIRD
8. Taiwan’s National Health Insurance
23 million residents and consists of
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enrollment files, claims data, catastrophic illness files, and
registry for treatments. The NHIRD is one of the largest datasets
and has been described in detail in previous studies.12,13 The
data were used to measure patients’ demographics and comor-
bidities. This study was designed to assess whether individuals
with coexisting pulmonary diseases were associated with an
increased risk of developing various histologic types of lung
cancer, using combined datasets: NHIRD, Taiwan Cancer Reg-
istry Database (TCRD), and National Death Registry Database.
All datasets were encrypted and were strictly confidential. This
study has been approved by the institutional review board of the
Chung-Shan Medical University Hospital, Taiwan.

Identification of Patients with Lung Cancer
Individuals age 20 years and older who were free of lung

cancer before 2003 were enrolled from NHIRD. Individuals
with incomplete information, such as sex and registry data were
excluded. The study began in 2004 to count cases with newly
diagnosed lung cancer and follow until death, loss of follow-up,
or the end of 2008. The lung cancer was identified using the
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) code 162 for lung cancer.

The histologic types of lung cancer were further confirmed
by TCRD. All major cancer care hospitals in Taiwan are
obligated to submit cancer type, initial tumor stages and
histology to the Taiwan Cancer Registry established by the
Bureau of Health Promotion, Department of Health since 1979
to monitor the incidence and the mortality rates of cancer.14 The
histological types of lung cancer were biopsy proven. Lung
cancer was coded by ICD-9-CM 162 or ICD 10 C34.0, C34.1,
C34.2, C34.3, C34.8, and C34.9 in TCRD. Morphological
diagnoses were coded by using the ninth revision of the
International Classification of Diseases for Oncology (ICD-
O); based on ICD-O codes 80522, 80523, 80702, 80703, 80713,
80723, 80733, 80743, 80763, 80823, 80833, and 80843 for lung
SqCC, codes 80503, 81402, 81403, 81413, 81433, 82113,
82503, 82513, 82523, 82553, 82603, 83103, 83233, 84603,
84803, 84813, 84903, and 85003 for adenocarcinoma, code
80023, 80412, 80413, 80423, 80433, 80453, and 94733 for
SmCC, and code 80123, 80143, 80203, 80213, 80303, and
80313 for large cell carcinoma.

The National Death Registry Database, causes of death
classified by ICD-9-CM, was then linked to the NHIRD and
TCRD to assess the age of onset accurately, estimate person-
year follow-up, confirm death and survival time, and minimize
potentially unconrmed cancer diagnoses in this study cohort.

Statistical Analysis
All statistical analyses were performed using the SAS

statistical package (Version 9.3; SAS Institute, Inc., Cary,
NC). Descriptive statistical analyses were conducted using
chi-square test to compare the differences in sociodemographic
characteristics and comorbidities between the patients with lung
cancer and controls. To evaluate the age and gender effects, we
classified study individuals by age according to the following
categories: 20 to 39, 40 to 59, 60 to 79, and �80 years and by
gender. Potential confounding factors were listed according to
established risk factors, and analyses were performed to estab-
lish whether these variables were substantially associated with
histologic type of lung cancer. The diagnoses of pulmonary

Jian et al
diseases and comorbidities were confirmed if individuals had
2 or more outpatient visits or one-time admission in 1 year
between 2001 and 2003. Baseline pulmonary diseases and
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comorbidities were diagnosed as follows: asthma (ICD-9-
CM: 493), COPD (ICD-9-CM: 490, 491, 492, 494, 496), and
TB (ICD-9-CM: 010, 011, 012, 137.0). They are characterized
by chronic airway inflammatory processes and have been
associated with lung cancers.3,5,6 Patients with chronic renal
disease have increased risk of lung cancer (ICD-9-CM: 585,
586).15 The relationship between diabetes mellitus (ICD-9-CM:
250, excluding type 1 DM) and lung cancers has been
reported.16 Hyperlipidemia (ICD-9-CM: 272) as part of the
metabolic syndrome is thought to be linked to cancer risk.17

Lifestyle behavior such as smoking, was not recorded in the
NHIRD, hence, preventing direct adjustment of possible con-
founders. Smoking increases the chances of developing COPD
and smoking-related cancers. Therefore, to investigate the
potential impact of smoking, we also adjusted for smoking-
related cancers such as lip, oral cavity, nasal cavity, pharynx,
larynx, and esophagus (ICD-9-CM: 140–150, 160–161), pan-
creas (ICD-9-CM: 157), kidney, and urinary cancer (ICD-9-
CM: 189).11 To determine the strength of coexisting pulmonary
diseases and various histologic types of lung cancer, multi-
variable analyses and stratified analyses using hazard ratio (HR)
were carried out with Cox proportional hazards models. Stat-
istical signicance level was reached at P< 0.05.

RESULTS
A total of 17,859,318 Taiwan residents age 20 years and

older were enrolled in this study. We excluded individuals
diagnosed with lung cancer before 2003 (n¼ 39,623) as well
as persons with incomplete data on sex (n¼ 2,600,565), regis-
tration (n¼ 5), and presence of death (n¼ 101). Finally,
15,219,024 cohorts (8,002,536 males and 7,216,488 females)
were followed up from 2004 to 2008. During the study period,
32,759 cases of lung cancer were identified. The diagnoses of
histologic types were as follows: adenocarcinoma, 47.3%
(male/female cases: 8778/6712), SqCC, 20.3% (male/female:
5877/760), SmCC, 9.2% (male/female: 2751/268), large cell
carcinoma, 0.7% (male/female: 183/57), and others, 23.2%
(male/female cases: 5283/2090). Demographic characteristics
and comorbidities of the study population are summarized in
Table 1. Compared with controls, the highest rates of pulmonary
diseases, hyperlipidemia, diabetes, chronic renal disease, and
smoking-related cancers were observed in patients with
lung cancer.

In Table 2, Cox regression analysis showed that the risk of
lung cancer was significantly higher in male patients with
asthmaþCOPDþTB (HR, 2.81; 95% confidential interval
[CI], 2.46–3.20], COPDþTB (HR, 2.42; 95% CI, 2.18–
2.69), asthmaþCOPD (HR, 2.21; 95% CI, 2.11–2.32), and
asthmaþ TB (HR, 2.12; CI, 1.59–2.83) after adjusting for
low income, age, comorbidities, urbanization, and geographical
area. There was an increased risk of lung cancer among females
with asthmaþCOPDþTB, COPDþTB, asthmaþTB, and asth-
maþCOPD whose HRs and CIs were 2.96 (95% CI, 2.24–3.93),
2.41 (95% CI, 1.90–3.07), 2.21 (95% CI, 1.28–3.81), and 1.64
(95% CI, 1.50–1.79), respectively.

Table 3 illustrates the coexisting pulmonary diseases and
SqCC risk according to gender. Compared with those without
pulmonary disease, the HRs of SqCC were higher in men with
asthmaþCOPDþTB (HR, 3.98; 95% CI, 3.22–4.93), asth-
maþCOPD (HR, 2.68; 95% CI, 2.45–2.93), COPDþTB

Medicine � Volume 93, Number 27, December 2014
(HR, 2.57; 95% CI, 2.10–3.13), and asthmaþTB (HR, 2.01;
95% CI, 1.14–3.54). The HR for SqCC in women with
TB, COPDþTB, and asthmaþCOPD were 3.64 (95% CI,
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TABLE 1. Characteristics of the Study Population

Lung Cancer (N¼ 32,759) Control (N¼ 15,186,265) P Value

Coexisting lung diseases (%) <0.0001
Nonasthma, COPD and TB 22856 (69.8) 13468929 (88.7)
AsthmaþCOPDþTB 277 (0.8) 17309 (0.1)
AsthmaþCOPD 2371 (7.2) 264956 (1.8)
AsthmaþTB 60 (0.2) 6614 (0.04)

COPDþTB 427 (1.3) 35935 (0.2)
Asthma 1672 (5.1) 459010 (3.0)

COPD 4808 (14.7) 882901 (5.8)
TB 288 (0.9) 50611 (0.3)

Sex (%) <0.0001
Men 22872 (69.8) 7979664 (52.6)
Women 9887 (30.2) 7206601 (47.4)

Age (years, %) <0.0001
20–39 1049 (3.2) 7221512 (47.6)
40–59 9517 (29.1) 5674463 (37.4)
60–79 17918 (54.7) 1859412 (12.2)
�80 4275 (13.0) 430878 (2.8)

Low income
�

889 (2.7) 245045 (1.6) <0.0001
Comorbidity (%)

Diabetes 5680 (17.3) 1060714 (7.0) <0.0001
Hyperlipidemia 5988 (18.3) 1347931 (8.9) <0.0001
Chronic renal disease 961 (2.9) 149730 (1.0) <0.0001
Smoking-related cancers 777 (2.4) 103201 (0.7) <0.0001

Geographic area (%) <0.0001
Taipei City 9236 (28.2) 4851844 (32.0)
North 3920 (12.0) 1961790 (12.9)
Central 6393 (19.5) 2936377 (19.3)
South 6614 (20.2) 2366398 (15.6)
Kaohsiung-Pingtung 5489 (16.8) 2628117 (17.3)
East 1107 (3.3) 441739 (2.9)

Urbanization (%) <0.0001
High 13889 (42.4) 7519048 (49.5)
Mid 12338 (37.7) 5575331 (36.7)
Low 6532 (19.9) 2091866 (13.8)

Death in 2004–2008 (%) 27718 (84.6) 648922 (4.3) <0.0001
Follow-up time (person-year) 84505 73801819
Histologic type (%)

SqCC 6637 (20.3)
Adenocarcinoma 15490 (47.3)
SmCC 3019 (9.2)
Large cell carcinoma 240 (0.7)

Others 7373 (22.5)

carc

Medicine � Volume 93, Number 27, December 2014 Pulmonary Diseases and Lung Cancer
1.88–7.05), 3.35 (95% CI, 1.59–7.07), and 2.21 (95% CI,
1.66–2.94), respectively. The same association was not found
among females with asthmaþTB due to the small sample size.

Table 4 illustrates the HR of lung adenocarcinoma associ-
ated with coexisting pulmonary diseases according to gender.
The HRs of adenocarcinoma were higher in men with
COPDþTB (HR, 2.28; 95% CI, 1.91–2.73), asth-
maþCOPDþTB (HR, 2.00; 95% CI, 1.54–2.60), asthmaþTB
TB (HR, 1.76; 95% CI, 1.04–2.97), and asthmaþCOPD (HR,
1.71; 95% CI, 1.57–1.88). The HR for adenocarcinoma in
women with asthmaþCOPDþTB, COPDþTB, asthmaþTB,
and asthmaþCOPD were 2.82 (95% CI, 1.97–4.04), 2.16
(95% CI, 1.57–2.95), 2.04 (95% CI, 1.02–4.09), and 1.53

COPD¼ chronic obstructive pulmonary disease, SmCC¼ small cell�
Income is lower than the level required for charging premium.
(95% CI, 1.37–1.72), respectively.
Table 5 shows coexisting pulmonary diseases and SmCC

risk by gender. The HRs for SmCC were higher in men with

# 2014 Lippincott Williams & Wilkins
asthmaþTB (HR, 3.65; 95% CI, 1.97–6.80), asth-
maþCOPDþTB (HR, 2.20; 95% CI, 1.45–3.36), asth-
maþCOPD (HR, 2.14; 95% CI, 1.86–2.47), and COPDþTB
(HR, 2.08; 95% CI, 1.50–2.87). Women with asth-
maþCOPDþTB, COPDþTB, and asthmaþCOPD had the
highest risk of SmCC. Their HRs and CIs were 8.97 (95%
CI, 3.31–24.28), 3.94 (95% CI, 1.25–12.35), and 3.33 (95% CI,
2.23–4.97), respectively.

DISCUSSION
Over the past decade, some studies have documented a

possible link between lung cancer and common pulmonary

inoma, SqCC¼ squamous cell carcinoma, TB¼ tuberculosis.
diseases, including asthma, COPD, and TB.3,6,8 However, the
influence of coexisting pulmonary diseases on histologic types
of lung cancer has not been addressed. The most important
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TABLE 2. HRs and 95% CIs of Lung Cancer by Sex

Male Female

HR (95% CI) P Value HR (95% CI) P Value

Coexisting lung diseases (%)
Nonasthma, COPD and TB Ref. Ref.
AsthmaþCOPDþTB 2.81 (2.46–3.20) <0.0001 2.96 (2.24–3.93) <0.0001
AsthmaþCOPD 2.21 (2.11–2.32) <0.0001 1.64 (1.50–1.79) <0.0001
AsthmaþTB 2.12 (1.59–2.83) <0.0001 2.21 (1.28–3.81) 0.004
COPDþTB 2.42 (2.18–2.69) <0.0001 2.41 (1.90–3.07) <0.0001
Asthma 1.57 (1.48–1.67) <0.0001 1.35 (1.24–1.47) <0.0001
COPD 1.68 (1.62–1.74) <0.0001 1.38 (1.30–1.47) <0.0001
TB 1.81 (1.58–2.06) <0.0001 1.96 (1.53–2.51) <0.0001

Low income
�

No Ref. Ref.
Yes 1.13 (1.05–1.23) 0.002 1.40 (1.24–1.58) <0.0001

Age group
20–39 0.08 (0.07–0.09) <0.0001 0.10 (0.09–0.11) <0.0001
40–59 Ref. Ref.
60–79 6.01 (5.82–6.21) <0.0001 3.66 (3.50–3.83) <0.0001
�80 6.55 (6.26–6.85) <0.0001 4.64 (4.34–4.97) <0.0001

Comorbidity
Diabetes 1.05 (1.01–1.09) 0.007 1.08 (1.02–1.14) 0.008
Hyperlipidemia 1.01 (0.97–1.04) 0.756 1.12 (1.06–1.18) <0.0001
Chronic renal diseases 1.08 (1.01–1.17) 0.034 1.06 (0.93–1.21) 0.405
Smoking-related cancers 1.59 (1.47–1.72) <0.0001 1.48 (1.20–1.82) <0.001

Adjusted by urbanization and geographic area. CI¼ confidence interval; COPD¼ chronic obstructive pulmonary disease, HR¼ hazard ratio,
TB¼ tuberculosis.�

Income is lower than the level required for charging premium.

TABLE 3. HRs and 95% CIs of SqCC by Sex

Male Female

HR (95% CI) P Value HR (95% CI) P Value

Coexisting lung diseases (%)
Nonasthma, COPD and TB Ref. Ref.
AsthmaþCOPDþTB 3.98 (3.22–4.93) <0.0001 2.36 (0.76–7.36) 0.138
AsthmaþCOPD 2.68 (2.45–2.93) <0.0001 2.21 (1.66–2.94) <0.0001
AsthmaþTB 2.01 (1.14–3.54) 0.016 – –
COPDþTB 2.57 (2.10–3.13) <0.0001 3.35 (1.59–7.07) 0.002
Asthma 1.81 (1.61–2.03) <0.0001 1.61 (1.20–2.15) 0.001
COPD 1.82 (1.69–1.95) <0.0001 1.51 (1.20–1.88) <0.001
TB 1.73 (1.33–2.26) <0.0001 3.64 (1.88–7.05) <0.001

Low income
�

No Ref. Ref.
Yes 1.15 (0.98–1.34) 0.080 2.38 (1.68–3.39) <0.0001

Age group
20–39 0.06 (0.04–0.07) <0.0001 0.10 (0.07–0.14) <0.0001
40–59 Ref. Ref.
60–79 8.68 (8.10–9.30) <0.0001 3.71 (3.14–4.38) <0.0001
�80 8.38 (7.64–9.19) <0.0001 3.88 (3.01–5.01) <0.0001

Comorbidity
Diabetes 1.06 (0.98–1.13) 0.138 1.23 (1.01–1.49) 0.042
Hyperlipidemia 0.92 (0.85–0.99) 0.022 0.99 (0.82–1.20) 0.921
Chronic renal diseases 1.04 (0.90–1.20) 0.621 1.13 (0.72–1.76) 0.608
Smoking-related cancers 2.46 (2.18–2.78) <0.0001 2.74 (1.58–4.74) <0.001

Adjusted by urbanization and geographic area. CI¼ confidence interval, COPD¼ chronic obstructive pulmonary disease, HR¼ hazard ratio,
SqCC¼ squamous cell carcinoma, TB¼ tuberculosis.�

Income is lower than the level required for charging premium.
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TABLE 4. HRs and 95% CIs of Adenocarcinoma by Sex

Male Female

HR (95% CI) P Value HR (95% CI) P Value

Coexisting lung diseases (%)
Nonasthma, COPD and TB Ref. Ref.
AsthmaþCOPDþTB 2.00 (1.54–2.60) <0.0001 2.82 (1.97–4.04) <0.0001
AsthmaþCOPD 1.71 (1.57–1.88) <0.0001 1.53 (1.37–1.72) <0.0001
AsthmaþTB 1.76 (1.04–2.97) 0.035 2.04 (1.02–4.09) 0.044
COPDþTB 2.28 (1.91–2.73) <0.0001 2.16 (1.57–2.95) <0.0001
Asthma 1.31 (1.17–1.45) <0.0001 1.28 (1.15–1.43) <0.0001
COPD 1.59 (1.50–1.69) <0.0001 1.40 (1.30–1.51) <0.0001
TB 1.64 (1.31–2.06) <0.0001 1.82 (1.34–2.49) <0.001

Low income
�

No Ref. Ref.
Yes 1.06 (0.92–1.21) 0.431 1.19 (1.01–1.40) 0.043

Age group
20–39 0.10 (0.08–0.11) <0.0001 0.10 (0.09–0.11) <0.0001
40–59 Ref. Ref.
60–79 4.35 (4.15–4.57) <0.0001 3.37 (3.19–3.57) <0.0001
�80 4.46 (4.15–4.80) <0.0001 3.30 (3.02–3.62) <0.0001

Comorbidity
Diabetes 1.00 (0.94–1.06) 0.979 1.00 (0.93–1.07) 0.974
Hyperlipidemia 1.13 (1.07–1.20) <0.0001 1.19 (1.12–1.27) <0.0001
Chronic renal diseases 1.02 (0.90–1.17) 0.750 1.00 (0.84–1.18) 0.976
Smoking-related cancers 1.05 (0.90–1.23) 0.519 1.15 (0.86–1.54) 0.351

Adjusted by urbanization and geographic area. CI¼ confidence interval, COPD¼ chronic obstructive pulmonary disease, HR¼ hazard ratio,
TB¼ tuberculosis.�

Income is lower than the level required for charging premium.

TABLE 5. HRs and 95% CIs of SmCC by Sex

Male Female

HR (95% CI) P Value HR (95% CI) P Value

Coexisting lung diseases (%)
Nonasthma, COPD and TB Ref. Ref.
AsthmaþCOPDþTB 2.20 (1.45–3.36) <0.001 8.97 (3.31–24.28) <0.0001
Asthmaþ COPD 2.14 (1.86–2.47) <0.0001 3.33 (2.23–4.97) <0.0001
AsthmaþTB 3.65 (1.97–6.80) <0.0001 – –
COPDþTB 2.08 (1.50–2.87) <0.0001 3.94 (1.25–12.35) 0.019
Asthma 1.84 (1.56–2.16) <0.0001 1.56 (0.93–2.60) 0.092
COPD 1.57 (1.41–1.75) <0.0001 1.61 (1.11–2.32) 0.012
TB 1.65 (1.11–2.45) 0.013 2.45 (0.61–9.88) 0.208

Low income
�

No Ref. Ref.
Yes 0.97 (0.76–1.24) 0.789 2.74 (1.68–4.46) <0.0001

Age group
20–39 0.04 (0.03–0.06) <0.0001 0.05 (0.02–0.13) <0.0001
40–59 Ref. Ref.
60–79 7.16 (6.52–7.86) <0.0001 5.71 (4.27–7.63) <0.0001
�80 6.14 (5.36–7.04) <0.0001 8.76 (5.98–12.82) <0.0001

Comorbidity
Diabetes 1.12 (1.01–1.25) 0.028 1.35 (0.99–1.85) 0.059
Hyperlipidemia 1.00 (0.90–1.11) 0.972 0.83 (0.60–1.14) 0.248
Chronic renal diseases 0.84 (0.66–1.06) 0.140 1.18 (0.58–2.40) 0.653
Smoking-related cancers 1.11 (0.86–1.43) 0.440 2.11 (0.78–5.68) 0.139

Adjusted by urbanization and geographic area. CI¼ confidence interval, COPD¼ chronic obstructive pulmonary disease, HR¼ hazard ratio,
SmCC¼ small cell carcinoma, TB¼ tuberculosis.�

Income is lower than the level required for charging premium.
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of the diseases. Because of the aging population and the increase
finding in this study is that, unlike specific lung disorders,
coexisting pulmonary diseases showed stronger association
with lung cancer.

The prevalence of smoking in Taiwan is 45.7% in men and
4.8% in women.18 Obviously, the effect of smoking on lung
cancer could not be fully explained. The odds ratio of lung
cancer ranged from 1.28 to 4.78 in nonsmoking patients with
asthma.7,19–21 The strengths of the associations found in this
study are consistent with those reported previously. However,
very few studies have documented the association in different
histologic types of lung cancer. In a population-based cohort
study conducted in Sweden, the risk of lung cancer in patients
with asthma was higher for SqCC and SmCC than for adeno-
carcinoma.22 A meta-analysis showed that asthma increased
risks of SqCC, relative risk (RR): 1.69 (95% CI, 1.26–2.26) and
SmCC, RR of 1.71 (95% CI, 0.99–2.95) unlike adenocarci-
noma, which showed a weaker association.7 In this study,
asthma was associated with increasing risk of the 3 histologic
types of lung cancer in both genders.

COPD has been associated with the occurrence of lung
cancer.23 Cigarette smoking is so strongly associated with both
COPD and lung cancer that it is hard to remove the effect of
smoking by presuming statistical adjustment procedures.24 A
previous history of COPD conferred a RR of 2.22 (95% CI,
1.66–2.97), but the effect was attenuated in nonsmokers.25

There was an important question whether the relationship
between lung cancer and COPD was subtype specific. COPD
is a risk factor for the SqCC among smokers.8 In this study,
COPD is associated with 3 histological types of lung cancer.

A meta-analysis showed that TB conferred a RR of 1.90
(95% CI, 1.45–2.50) for lung cancer when restricting analysis
to nonsmokers.25 Among both genders, nonsmokers with TB
had significant association with SqCC and adenocarcinoma,
whereas male and female smokers with TB were associated with
SqCC, SmCC, and adenocarcinoma (men) and adenocarcinoma
(women).26 Yu et al11 conducted a cohort of 1 million residents
and showed that there was an increased risk of lung cancer in TB
with an adjusted HR of 3.32 (95% CI, 2.70–4.09), stronger than
COPD (HR, 2.30; 95% CI, 2.07–2.55). In a hospital-based
case–control study, nonsmoking female patients with a history
of TB (adjusted odds ratio¼ 4.7; 95% CI, 1.6–13.2) experi-
enced greater risk of lung cancer, specifically adenocarcinoma
and SqCC, than asthma and COPD.27 In a meta-analysis, COPD
conferred a RR of 2.22 (95% CI, 1.66–2.97) and its effects were
attenuated when restricting analysis to nonsmokers only for
COPD (RR¼ 1.22; 95% CI, 0.97–1.53), however, remained
significant for TB 1.90 (95% CI, 1.45–2.50).25 In this study, the
HR for TB was higher than for asthmaþCOPD, asthma and
COPD in all cases of lung cancer and SqCC among women.
Thus, TB appeared to have a greater effect on lung cancer
among women compared with asthma or COPD. Further studies
are necessary to elucidate such mechanisms.

Asthma is a common chronic inammatory airway disease
that affects 300 million people of all ages and all ethnic back-
grounds worldwide.28 The prevalence of asthma in Taiwan is
11.9 %.29 The average annual prevalence and incidence rates of
COPD have been reported 2.48/100 and 0.66/100.30 TB remains
a major public health problem in Taiwan and a total of 57,405
new TB cases were diagnosed from 2005 to 2007.31 It is
particularly important in Taiwan where the prevalence of
asthma, COPD, and TB is high. Wang et al conducted a

Jian et al
case–control study in which nonsmoking women who had
more than 1 previous lung disease tended to be at higher risk
of lung cancer than those with only 1 of them.20 Although the

6 | www.md-journal.com
additive combined effect of pulmonary diseases varied accord-
ing to histologic type, coexistence of 2 or more pulmonary
diseases had a significantly increased risk for the 3 histologic
types of lung cancer. Biologically, the additive effects between
coexisting pulmonary diseases and histologic types may be
explained by compromised immune clearance of Mycobacter-
ium tuberculosis and chronic inflammatory processes of the
lung that predisposes to malignant transformation.32,33

Comorbidities have been reported to be associated with
lung cancer mortality.34 Coexisting COPD is associated with
worse survival outcomes of lung cancer for men and for SqCC
type. There was also an increased risk of lung cancer mortality
in patients with asthma.35 Asthma and COPD may coexist in the
same patients and asthma–COPD overlap syndrome is an
important clinical phenotype. The prevalence of asthma–COPD
overlap syndrome in Italy was 1.6%, 2.1%, and 4.5% in the 20 to
44, 45 to 64, and 65 to 84 age groups.36 Patients with overlap
syndrome have worse lung function, a worse quality of life,
more severity and frequency of respiratory exacerbations, and
increased mortality and health care utilization than those with
asthma or COPD alone. 37–39 However, the survival in patients
with coexisting TB and lung cancer remains controversial.40,41

The strengths of this study were numerous. First, our study
was a prospective cohort study that included large sample size
and long follow-up. In addition, the temporal relationship
between coexisting pulmonary diseases and histologic types
is difficult to evaluate in case–control studies. Small sample
size limited reliability of previous study and did not permit
gender-specific analysis of risk factors separately by histology.
Second, there was completeness of cancer case ascertainment,
hence, allowing little possibility for recall and selection bias.
Nevertheless, this study had some limitations. First, detection
bias might have been possible because of frequent hospital
visits, hence, leading to a higher detection rate of early-stage
lung cancer. Second, asthma, COPD, and TB patients may have
taken more medications that may have complicated the situ-
ation. This study did not evaluate the effects of medications.
Third, NHIRD does not contain detailed information regarding
smoking history, radon exposure, occupational exposures, diet
preference, and family history,20 all of which may be risk
factors for lung cancer. Smoking is an important confounding
factor of lung cancer and we used COPD and smoking-related
cancers to substitute smoking as one of covariates in the
adjustment measures.

In conclusion, we found that coexisting pulmonary dis-
eases conferred a higher risk of lung cancer than exposure to one

Medicine � Volume 93, Number 27, December 2014
in prevalence of asthma, COPD, and TB, cancer screening is
recommended for patients with coexisting pulmonary diseases.
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