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Purpose: Chronic obstructive pulmonary disease (COPD) is a major pulmonary disease.

However, few studies have investigated the relationship between COPD and prostate cancer

(PCa). This study aimed to investigate the association between COPD severity and PCa risk.

Patients and methods: We conducted a nationwide population-based cohort study utiliz-

ing data from 2001 to 2013 from the National Health Insurance Research Database of

Taiwan. Cox proportional hazards models with 1:1 propensity score-matched analysis were

used to investigate the association between COPD and PCa risk. We further divided the

COPD group according to severe complications (including acute respiratory failure, cardio-

pulmonary arrest, pneumonia, and acute exacerbation) to test for the relationship between

COPD severity and PCa risk.

Results: This study included 47,634 patients (23,817 COPD patients and 23,817 matched non-

COPD controls). Among them, 756 (1.59%) were diagnosed with PCa during a mean follow-up

period of 7.05±4.13 years; 387 (1.62%) were from the COPD group and 369 (1.55%) were from

the control group. Compared with the patients without COPD, the adjusted hazard ratio (HR) for

PCa in the COPD patients was 1.10 (95% confidence interval [CI] 0.95–1.27), while that in the

COPD patients with complications was 2.46 (95% CI 1.96–3.61).

Conclusions: An increased risk for PCa was found among the COPD patients with

complications. COPD complications included acute respiratory failure, cardiopulmonary

arrest, pneumonia, and acute exacerbation. These findings may help physicians in treating

COPD with complications and in remaining alert to the potential development of PCa.

Keywords: National Health Insurance Research Database, prostate cancer, chronic

obstructive pulmonary disease

Introduction
Prostate cancer (PCa) is the cancer most commonly diagnosed in men in the

United States, with 161,360 new cases in 2017.1 Recently, the incidence of PCa

has been increasing in Taiwan.2 At present, PCa is the fifth most common

cancer among men in Taiwan, with 5,106 new cases in 2015.2 The etiological

factors of PCa include age, family history, and race.3 Additionally, chronic

inflammation has been identified as a precursor of prostate carcinogenesis,4

and proliferative inflammatory atrophy (PIA) has been reported to progress to

PCa.5 Inflammation of the prostate may increase the production of inflammatory

cytokines and reactive oxygen species (ROS), which increase cellular prolifera-

tion or carcinogenesis.4
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Chronic obstructive pulmonary disease (COPD) is a

major disease worldwide6 and has been predicted to be

the third leading cause of death in 2020.7 A recent epide-

miological survey found that the prevalence of COPD in

Taiwan is 6.1%.8 Smoking, occupational pollution, and air

pollution are major etiological factors for COPD.9 The

condition is characterized by progressive persistent airflow

limitation. Airflow limitation develops from chronic

inflammation due to the presence of noxious particles or

gases in the airways.10

The parthogeneses of both PCa and COPD include

chronic inflammation. However, there have been only a

limited number of studies discussing the association

between PCa and COPD. We thus conducted a nationwide

population-based cohort study in Taiwan using a nation-

wide database to investigate the association between

COPD severity and the risk of PCa.

Materials and methods
Data source and collection
This was a retrospective population-based study that used

data from Taiwan’s National Health Insurance Research

Database (NHIRD), a huge database containing data from

the National Health Insurance (NHI) program. The NHI

program is a unique health and medical insurance system in

Taiwan that was started in 1995. As of the end of 2013, the

NHI program covered 99.9% of Taiwan’s 23 million

residents.11 The NHIRD contains demographic data, medical

records, and data on clinical procedures administered to all

inpatients, outpatients, and emergency room patients. We

used a sub-dataset of the NHIRD called the Longitudinal

Health Insurance Database 2000 (LHID2000), a database

that contains the data of one million people randomly

selected from the larger NHIRD in 2000. The LHID2000

and NHIRD are similar in terms of demographic data and

origin population.12 The clinical diagnoses of patients in the

database were made according to the International

Classification of Diseases, 9th revision, Clinical

Modification (ICD-9-CM). This study was approved by the

Institutional Review Board of the Tri-Service General

Hospital (approval number: TSGHIRB NO B-104-21).

Study population
The study subjects were selected using LHID2000 data

from January 2000 to December 2013. Patients who were

newly diagnosed with COPD (ICD-9-CM: 491,492, and

496) between 2001 and 2013 were enrolled in this study

(Figure 1). The COPD diagnoses were performed by

licensed physicians. The exclusion criteria were as fol-

lows: (1) patients who were diagnosed with a malignancy

before January 1, 2001 (n=7,234), (2) patients who were

male and <40 years old (n=690,366), (3) patients with a

history of COPD or any immune or inflammatory diseases

(n=148,866), and (4) patients with incomplete medical

records (n=284) (Figure 1). A total of 23,817 patients

with COPD were ultimately enrolled in the study group.

The control group was determined through a 1:1

matching with the study group considering age and

income. Thus, 23,817 subjects were enrolled in the control

group. For the study group, each patient’s date of COPD

diagnosis was assigned as the index date and considered

the starting point for the investigation of that patient,

whereas for the control group, the year of the index date

was a matched year in which the control subjects had

utilized a medical service.

We also defined COPD severity according to any acute

respiratory events subsequent to the COPD diagnosis.

Subsequent acute respiratory events included acute exacer-

bation (ICD-9-CM: 491.21), pneumonia (ICD-9-CM: 480-

486), acute respiratory failure (ICD-9-CM: 518.81), and

cardiopulmonary arrest (ICD-9-CM: 799.1, 798, and 427.5).

Outcomes
There were 47,634 subjects in this study (23,817 COPD

patients and 23,817 control group patients). Each subject

was monitored until December 2013 to identify those who

were newly diagnosed with PCa (ICD-9-CM: 185).13

All medical diagnoses of the patients and any procedures

and drugs administered to them were recorded completely

during the follow-up period. Each COPD diagnosis (ICD-9-

CM: 491, 492, and 496) was made by chest physicians based

on at least two outpatient department visits or at least one

admission during the follow-up period. More specifically,

each clinical diagnosis of COPD was made according to

typical symptoms such as chronic cough, dyspnea, and spu-

tum production; exposure to risk factors such as tobacco

smoking, occupational pollution, and indoor air pollution;

and spirometry test results. The acute respiratory events

subsequent to COPD, including pneumonia, acute exacerba-

tion, acute respiratory failure, and cardiopulmonary arrest,

were also diagnosed by chest physicians, cardiologists, or

emergency physicians based on emergency room and admis-

sion records during the follow-up period. We selected

patients aged >40 years due to the extremely low prevalence

of COPD in patients aged <40 years.14
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The diagnosis of PCa was based on the ICD-9-CM

coding system (ICD-9-CM: 185) and was included in the

Registry for Catastrophic Illness Patient Database

(RCIPD).15 Patients with PCa who were listed in the

RCIPD were relieved of any medical payment obligations

after receiving a catastrophic illness certification. After

experts confirmed the accuracy of a PCa diagnosis by the

NHI administration with pathological and cytological

reports, patients with PCa were given catastrophic illness

certifications.

Variables
Various comorbidities, including alcohol abuse, tobacco use

disorder, obesity, diabetes mellitus, hypertension, hyperli-

pidemia, liver disease, cerebrovascular disease, coronary

heart disease (CHD), and chronic kidney disease (CKD)

(ICD-9-CM codes in Table S1), were regarded as variables.

The patients were classified into four age groups: 40–49,

50–59, 60–69, and ≥70 years. They were also categorized

into four groups based on monthly income in New Taiwan

Dollars (NTD): <NTD 16,500; NTD 16,500–19,199; NTD

19,200–33,299; and ≥NTD 33,300.

Statistical analysis
Categorical variables were expressed as frequencies and

percentages, and numerical variables were expressed as

means and standard deviations. The Chi-square test was

performed to examine differences in the categorical

variables among the study groups, and an independent

t-test was performed to examine differences in the numer-

ical variables among the study groups. Moreover, we used

Cox proportional hazards regression models to estimate

the effects of risk factors on the hazard ratios (HRs) and

95% confidence intervals (CIs). The proportion of the

study group with PCa was analyzed using Kaplan-Meier

curves and the log-rank test. All multivariable Cox regres-

sion models were adjusted for variables including age,

COPD, and comorbidities. A two-sided p-value of <0.05

was considered statistically significant. All statistical

methods were performed using SAS for Windows, version

9.4 (SAS Institute Inc., Cary, NC).

Results
There were 47,634 patients (23,817 COPD patients and

23,817 control group patients) with a mean age of 63.72

±12.29 years enrolled in this study. The demographic char-

acteristics of the subjects are listed in Table 1. The COPD

patients mostly belonged to the older-age group, and hyper-

tension, CHD, and liver disease were the three most com-

mon comorbidities among them. Compared with the

non-COPD patients, the COPD patients had higher

Charlson comorbidity index scores; higher rates of CHD,

CKD, liver disease, and cerebrovascular accident; and

lower rates of hypertension and hyperlipidemia.

Regarding complications, 126 (0.26%) of the COPD

patients had pneumonia, acute exacerbation, and acute

One million individuals randomly sampled from NHIRD (2000-2013).

The final study group (n=47,634) was selected by propensity score matching by age and comorbidity with a 1:1 ratio

COPD group (n=23,817): control group (n=23,817).

The study group (n=147,426) were chosen after exclusion criteria:

1.    Patients who had previous history of malignancy cancer. (n=7,234)

2.    Patients who were male and < 40 years of age. (n=690,366)

3.    Patients had history of COPD or immune/inflammation diseases. (n =148,866)

4.    Patients were without prostate cancer before the diagnosed date of COPD. (n=284)

Figure 1 Flowchart of study design.

Abbreviation: NHIRD, National Health Insurance Research Database.
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respiratory failure. Among all the patients, 756 (1.59%)

were diagnosed with PCa during a mean follow-up period

of 7.05±4.13 years; 387 (1.62%) of them were from the

COPD group and 369 (1.55%) were from the control group.

Table 1 Characteristics of study population

Male subjects Total Non-COPD COPD p-value

n=47,634 n=23,817 n=23,817

n % n % n %

Age (mean ± SD, years) 63.72±12.29 63.49±12.22 63.95±12.34 0.858

40–49 7,871 16.52 3,938 16.53 3,933 16.51

50–59 9,227 19.37 4,620 19.40 4,607 19.34

60–69 12,204 25.62 6,103 25.62 6,101 25.62

>70 18,332 38.49 9,156 38.44 9,176 38.53

Insurance income (monthly) 0.571

0 6,281 13.19 3,294 13.84 3,364 13.54

0–16,500 10,224 21.46 4,868 20.44 4,856 20.48

16,500–19,200 3,558 7.47 1,775 7.45 1,783 7.58

19,200–33,300 18,930 39.74 9,123 38.30 8,918 39.18

≧33,300 8,641 18.14 4,757 19.97 4,896 19.22

Charlson comorbidity index (mean ± SD) 1.38±1.60 1.23±1.55 1.53±1.64 <0.0001**

0 16,732 35.13 9,992 41.95 6,740 28.30

1 14,077 29.55 6,341 26.62 7,736 32.48

2 8,070 16.94 3,561 14.95 4,509 18.93

≥3 8,755 18.38 3,923 16.47 4,832 20.29

Comorbidity

Alcohol abuse 525 1.10 282 1.18 243 1.02 0.095

Tobacco use disorder 1,300 2.73 659 2.77 641 2.69 0.632

Obesity 156 0.33 72 0.30 84 0.35 0.377

Diabetes 10,434 21.9 5,220 21.92 5,214 21.89 0.955

Hypertension 24,341 51.10 12,326 51.75 12,015 50.45 0.004*

Hyperlipidemia 10,294 21.61 5,250 22.04 5,044 21.18 0.022*

Liver disease 8,289 17.4 3,013 12.65 5,276 22.15 <0.0001**

Chronic kidney disease 2,372 4.98 1,132 4.75 1,240 5.21 0.024*

Coronary heart disease 12,908 27.1 6,347 26.65 6,561 27.55 0.028*

Cerebral vascular accident 8,067 16.94 3,882 16.3 4,185 17.57 0.0002**

COPD’s severity

COPD only 23,689 99.46

COPD with complications 126 0.26

Acute exacerbation 26 0.05

Pneumonia 113 0.24

Acute respiratory failure 9 0.02

Prostate Cancer 0.5331

No 46,878 98.41 23,430 98.38 23,448 98.45

Yes 756 1.59 387 1.62 369 1.55

Follow-up time (years) <0.0001**

Mean ± SD 7.05±4.13 7.46±4.02 6.64±4.19

Notes: *p<0.05 ; **p<0.01.
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The Cox regression analysis of risk factors of PCa is

shown in Table 2. Compared to the control group, the

adjusted HR for PCa in the COPD group was 1.10 (95%

CI 0.95–1.27), while that in the COPD group with com-

plications was 2.46 (95% CI 1.96–3.61). Elderly patients

had a significantly higher risk of PCa (those aged

≥70 years had an adjusted HR [aHR] of 3.47 [95% CI

1.71–4.52] compared with those aged 40–49 years). Other

significant risk factors of PCa were tobacco use disorder

(aHR 2.30, 95% CI 1.61–3.27) and hypertension (aHR

1.19, 95% CI 1.02–1.39).

As shown in the Kaplan-Meier curves in Figure 2,

patients with severe COPD with complications had a

higher cumulative incidence of PCa (log-rank test,

p<0.001) by the end of the follow-up period than the

non-COPD and COPD groups.

Discussion
To our knowledge, no other cohort studies have investi-

gated the association between COPD with complications

and PCa in detail. In this large-scale cohort study, males

with severe COPD complications including acute respira-

tory failure, cardiopulmonary arrest, pneumonia, and acute

exacerbation were found to have a higher risk of PCa than

males without COPD.

The association between COPD and PCa can be

attributed to several plausible mechanisms. First, COPD

is a chronic inflammatory disease in both airways and

outside the respiratory system.16,17 Meanwhile, chronic

inflammation of the prostate is associated with PCa, and

PIA has been reported to progress to PCa.5 Furthermore,

severe COPD may have an acute exacerbated inflamma-

tory process, and there is evidence of oxidative stress in

COPD, particularly during acute exacerbations.18

Reactive oxygen species (ROS) levels are elevated in

severe COPD. ROS cause tissue damage, resulting in

carbonyl stress that further causes nonenzymatic posttran-

slational modifications of proteins. These protein carbo-

nylation reactions may induce the pathophysiological

mechanisms of many chronic diseases.19 COPD severity

is correlated with carbonyl stress levels.20 Carbonyl stress

further causes DNA damage, inducing the autoimmune

response and pro-inflammatory signaling (nuclear factor

[NF]-κB pathway).21,22 The mechanisms of exacerbations

in COPD also include increased airway inflammation and

elevated levels of pro-inflammatory cytokines.23

Table 2 Independent predictors of risk factors of PCa by Cox regression analysis

Crude HR 95% CI p-value Adjusted HR 95% CI p-value

Lower Upper Lower Upper

Non-COPD 1. 1.

COPD 1.082 0.938 1.248 0.279 1.103 0.955 1.273 0.1817

COPD with complications 3.37 3.243 4.653 <0.0001** 2.463 1.960 3.615 <0.0001**

Age group

40–49 1 1.

50–59 1.072 1.160 2.133 <0.0001** 1.761 1.042 1.980 <0.0001**

60–69 2.195 1.259 2.534 <0.0001** 2.006 1.285 3.271 <0.0001**

>70 3.413 1.848 4.511 <0.0001** 3.473 1.717 4.522 <0.0001**

Comorbidity

Alcohol abuse 0.161 0.023 1.141 0.068 0.268 0.038 1.911 0.1890

Tobacco use disorder 1.965 1.386 2.786 <0.0001** 2.300 1.613 3.278 <0.0001**

Obesity 1.307 0.421 4.061 0.643 2.022 0.648 6.310 0.2254

Diabetes 1.151 0.965 1.374 0.117 0.965 0.802 1.161 0.7068

Hypertension 1.540 1.334 1.779 <0.0001** 1.195 1.025 1.393 0.023*

Hyperlipidemia 1.080 0.904 1.289 0.399 1.198 0.992 1.448 0.0609

Liver disease 1.037 0.855 1.259 0.711 1.047 0.854 1.284 0.6565

Chronic kidney disease 1.091 0.753 1.583 0.644 0.952 0.655 1.383 0.7950

Coronary heart disease 1.216 1.038 1.425 0.016* 1.142 0.968 1.347 0.1153

Cerebral vascular accident 1.082 0.879 1.333 0.457 0.824 0.666 1.019 0.0734

Notes: *p<0.05 ; **p<0.01.
Abbreviation: PCa, prostate cancer.
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The exposure of airway epithelial cells to acute oxida-

tive stress triggers increased glutathione synthesis, but

COPD patients fail to show this phenomenon.24

Moreover, severe COPD has also been associated with

glutathione S-transferase (GST) activity.25 The GST

family of enzymes plays an important role in environmen-

tal carcinogens. Thakur et al revealed that GSTT1 null

genotypes increase the risks of both COPD and PCa in

the Indian population.26

Pro-inflammatory cytokines also play an important role

in chronic inflammation in both COPD and PCa. Increased

levels of interleukin (IL)-1β, IL-6, IL-8, IL-17, and tumor

necrosis factor (TNF)-α have been observed in sputum and

bronchoalveolar lavage fluid from COPD patients.27,28

Moreover, several inflammatory cytokines including IL-1,

IL-6, and IL-17 have been reported to be induced by PCa.4

IL-6 is an activator of STAT3 and NF-κB complexes,29,30

and NF-κB activation has been reported in PCa

development.31 Furthermore, higher IL-6 and IL-8 levels

have been associated with more severe COPD,23 and

increased IL-6 levels in patients with severe COPD may

further affect PCa development.

Studies have indicated that older men have an

increased risk of COPD and PCa.32,33 Increasing age

is a risk factor for severe COPD, especially in patients

aged >80 years,34 and for PCa. Meanwhile, inhaled

anticholinergic agents (ipratropium and tiotropium)

are widely administered as maintenance treatment for

COPD. However, such agents are linked to increased

risk of acute urinary retention.35 Severe COPD is also

treated with anticholinergic agents and systemic corti-

costeroids, and Foley insertion is performed to monitor

daily urine output in ICU patients with severe COPD.

In PCa, acute urinary retention and urine reflux are also

well-known risk factors.36

This study has some limitations. First, all of the

conditions were diagnosed using the ICD-9-CM coding

system from the NHIRD, which is an administrative

database; thus, detailed laboratory data or tumor marker

results were not obtained. Although pulmonary function

tests, FEV1/FVC ratios, prostate-specific antigen levels,

computed tomography scans, and bone scans were not

available, the diagnoses of PCa were ascertained by

catastrophic illness certifications, which were reviewed

by experts to confirm the given diagnosis. Second,

instead of using the Global Initiative for Chronic

Obstructive Lung Disease (GOLD) classification, we

classified COPD by subsequent acute respiratory events,

namely pneumonia, acute exacerbation, acute respiratory

failure, and cardiopulmonary arrest. Third, some con-

founding factors such as cigarette smoking, obesity,

and occupational exposure status might have been
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Figure 2 Kaplan-Meier analysis of developing prostate cancer in COPD, COPD with complication, and non-COPD groups.
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underestimated in the NHIRD database. Finally, this

study has a retrospective nature; hence, more prospec-

tive studies are warranted to further investigate the

association between COPD and PCa.

Conclusion
This study showed that COPD patients with complica-

tions have an increased risk of PCa. Thus, severe COPD

may be a determining factor for PCa incidence. These

findings may help physicians in treating COPD with

complications and in remaining alert to the potential

development of PCa. Relatedly, physicians may want

to consider screening for PCa in those COPD patients

with complications.
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Table S1 ICD-9 diagnostic codes of variables

Covariates ICD-9-CM codes

Alcohol abuse 303, 305.0, V11.3

Tobacco use disorder 305.1, 491.0, 491.2, 492.8, 496, 523.6, 649.0, 989.84, V15.82

Obesity 278.0

Diabetes mellitus 250

Hypertension 401, 402, 403, 404, 405

Hyperlipidemia 272

Coronary heart disease 410, 411, 412, 413, 414

Chronic kidney disease 585, 586, 588

Liver disease 456, 571, 572

Cerebral vascular accident 430, 431, 432, 433, 434, 435, 436, 437, 438

Abbreviation: ICD-9, International Classification of Diseases-9th revision.
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