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Purpose: COPD is often associated with various comorbidities that may influence its outcomes. 

Pneumonia, cardiovascular disease (CVD), and cancer are the major causes of death in COPD 

patients. The objective of this study is to investigate the influence of comorbidities on COPD 

by using the Taiwan National Health Insurance database.

Patients and methods: We retrospectively analyzed the database in 2006 of one million 

sampling cohort. Newly diagnosed patients with COPD with a controlled cohort that was matched 

by age, sex, and Charlson comorbidity index (CCI) were included for analysis.

Results: In total, 1,491 patients with COPD were included for analysis (61.8% male). Patients with 

COPD had higher incidences of pneumonia (25.7% vs 10.4%; P,0.0001), CVD (15.1% vs 10.5%; 

P,0.0001), and mortality rate (26.6% vs 15.8%; P,0.001) compared with the control group 

in the 4-year follow-up. In patients with COPD, CCI $3 have a higher incidence of pneumonia 

(hazard ratio [HR] 1.61; 95% confidence interval [CI] 1.23–2.09; P,0.0001), CVD (HR 1.73; 95% 

CI 1.24–2.41; P=0.001), and mortality (HR 1.12; 95% CI 1.12–1.83; P=0.004). Among the major 

comorbidities of COPD, hyperlipidemia was associated with decreased incidence of pneumonia 

(HR 0.68; 95% CI 0.5–0.93; P=0.016) and mortality (HR 0.64; 95% CI 0.46–0.90; P=0.009), but 

was not associated with increased risk of CVD (HR 1.10; 95% CI 0.78–1.55; P=0.588).

Conclusion: Our results demonstrate that COPD is associated with increased incidence of 

pneumonia, CVD, and mortality. In patients with COPD, higher CCI is associated with increased 

incidence of pneumonia, CVD, and mortality. However, COPD with hyperlipidemia is associated 

with decreased incidence of pneumonia and mortality.
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Introduction
COPD is one of the major public health problems in modern society caused mainly by 

cigarette smoking, and its importance is increasing.1,2 COPD is a complex, heterogeneous, 

multicomponent disease with great variations in its clinical, radiological, and functional 

aspects.3 It has a variety of systemic manifestations and thus the current guideline recom-

mends a multidirectional strategy in diagnosis, treatment, and prevention of COPD.4

COPD is often associated with a variety of comorbidities, including cardiovascular 

disease (CVD), malignancy, anxiety, depression, chronic renal failure, and infection.5–10 

Comorbidities of COPD also have important impacts on major outcomes, including 

quality of life,11 rate of acute exacerbation,12 and mortality.13 Both COPD14,15 and coro-

nary artery disease16 are characterized by low-grade systemic inflammation, which is 
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manifested by increased levels of inflammatory biomarkers. 

Patients with COPD are at increased risk of hospitalization 

and mortality due to CVD.17,18 Moreover, patients with more 

severe COPD have higher cardiovascular mortality and mor-

bidity than those with less severe COPD.19 Although obesity 

and hyperlipidemia are both risk factors of CVD,20 patients 

with COPD tend to have lower body mass index (BMI) and 

are less likely to have hyperlipidemia.21 Most comorbidities 

are associated with increased risk of mortality in patients 

with COPD, but in an observational study, the prevalence of 

hyperlipidemia is higher in survivors than non-survivors.22 

Furthermore, as BMI is one of the composite factors of 

BODE (body mass index, airflow obstruction, dyspnea, and 

exercise capacity) index score, patients with COPD having 

lower BMI are associated with increased risk of death.23,24 

Thus, the impact of hyperlipidemia on clinical outcomes of 

patients with COPD is complex and unclear.

The aim of this study is to use nationwide, 5-year 

population-based data to examine the relationship of major 

comorbidities on outcomes of COPD, with special interest 

on hyperlipidemia.

Materials and methods
study population and design
The National Health Research Institutes, Taiwan, maintains 

the National Health Insurance Research Database (NHIRD) 

and authorizes its use for research purposes. We obtained 

a subset of the NHIRD with one million random subjects, 

accounting for ~5% of all subjects enrolled in the National 

Health Insurance program. There were no statistically signifi-

cant differences in age, sex, or health care costs between the 

sample group and all enrollees (data not shown). The database 

contains medical claims information regarding ambulatory 

care, inpatient care, dental services, and prescription drugs as 

well as insurance data from all subjects between January 1996 

and December 2009.25 The International Classification of 

Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 

coding system was incorporated into the data from the begin-

ning of 2000 and was used in this study.

The study was conducted by a retrospective, matched 

cohort design. Patients with COPD were included if they 

fulfilled the following criteria: 1) new diagnosis of COPD 

in the year 2006; 2) older than 40 years of age at the time 

of diagnosis of COPD; 3) at least three outpatient visits 

with COPD medication prescription or admission once 

with main diagnosis of COPD; 4) were prescribed COPD 

medication, including inhaled short- and long-acting 

bronchodilators, inhaled corticosteroids or corticosteroid/

long-acting β-agonist combination; 5) lack of diagnosis of 

cancer, CVD, and COPD from 2000 to 2006. The patients 

were matched to non-COPD patients by age in 2006, sex, and 

Charlson comorbidity index (CCI) of 2005 in a 1:1 fashion 

(Figure 1). COPD was defined by ICD-9-CM codes 491 

(chronic bronchitis), 492 (emphysema), and 496 (chronic 

airway obstruction, not elsewhere classified). Major out-

comes of COPD, including pneumonia, CVD, cancer, and 

death were recorded by NHIRD from 2006 to 2009. Cancer 

was defined by ICD-9-CM codes 140 to 208; pneumonia was 

defined by ICD-9-CM codes 480 to 486 as the main diagnosis 

of admission; CVD was defined by ICD-9-CM codes 390 to 

438 as the main diagnosis of admission.

The major comorbidities, including hypertension (ICD-9- 

CM codes 401 to 405), hyperlipidemia (ICD-9-CM code 

272), diabetes (ICD-9-CM codes 250), chronic renal disease 

(ICD-9-CM codes 403, 404, 581 to 583, and 585 to 588), 

and CVD (ICD-9-CM codes 390 to 438) were recorded from 

inpatient and outpatient database from January 1, 2006 to 

December 31, 2009. As the NHRI made the claim data avail-

able in an anonymous format which provided the individuals 

cannot be identified individually, retrospective studies do not 

need ethical approval from ethics committees in Taiwan.

statistical methods
Differences in characteristics of subjects with and without 

COPD according to age, sex and clinical comorbidities, inci-

dence of pneumonia, CVD, cancer, and death were examined 

using chi-squared tests for categorical variable and Student’s 

t-test for continuous variables. The Kaplan–Meier curve and 

log-rank test were used to examine the difference in the mortal-

ity between patients with COPD with and without hyperlipi-

demia. The crude and age-, sex-, and CCI- adjusted hazard ratio 

(HR) in COPD subjects with pneumonia, acute exacerbation 

of COPD (AECOPD), CVD, cancer, and mortality were cal-

culated. The rate ratio and 95% confidence interval (CI) were 

also calculated. Multivariate Cox proportional hazards models 

were used to explore the relationship between hyperlipidemia 

and mortality, adjusted for age, sex, and comorbidities. The 

proportional hazards assumption was tested graphically and 

by including the interaction of time with each covariate. All 

statistical tests were two-sided, and a P-value of 0.05 was 

considered significant. All analyses were performed using SAS 

software, version 9.2 (SAS Institute Inc., Cary, NC, USA).

Results
Demographic and clinical characteristics 
of the study subjects
In total, 2,982 subjects, comprising of 1,491 COPD and 1,491 

non-COPD with matched age, sex, and CCI, were included 
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for analysis (Table 1). Patients with COPD had a higher risk 

of developing pneumonia (25.7% vs 10.4%; P,0.0001), 

CVD (15.1% vs 10.5%; P,0.0001), and rate of mortality 

(26.6% vs 15.5%; P,0.0001) over the next 4 years. There 

was no difference for risk of malignancy.

Impact of age, sex, and CCI on major 
outcome of COPD
Age was associated with increased HR of COPD-related 

outcomes, including pneumonia (HR 1.57; 95% CI 1.44–

1.72; P,0.0001), AECOPD (HR 1.34; 95% CI 1.24–1.44; 

P,0.0001), CVD (HR 1.53; 95% CI 1.45–1.72; P,0.0001), 

malignancy (HR 1.17; 95% CI 1.00–1.34; P=0.044), 

and mortality (HR 2.04; 95% CI 1.85–2.24; P,0.0001) 

(Table 2). Male sex was associated with increased risk 

of pneumonia (HR 1.56; 95% CI 1.25–1.94; P,0.0001), 

AECOPD (HR 1.83; 95% CI 1.50–2.24; P,0.0001), 

malignancy (HR 1.70; 95% CI 1.12–2.53; P=0.013), and 

mortality (HR 1.46; 95% CI 1.18–1.80; P=0.001) over the 

next 4 years. CCI .3 was associated with increased risk of 

pneumonia (HR 1.61; 95% CI 1.23–2.09; P,0.0001), CVD 

(HR 1.73; 95% CI 1.24–2.41; P=0.001), and mortality (HR 

1.43; 95% CI 1.12–1.83; P=0.004) over the next 4 years 

compared with CCI=0.

Figure 1 enrollment details.
Abbreviations: CCI, Charlson comorbidity index; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; nhIrD, national health Insurance research 
Database; laBa, long-acting beta agonists; laMa, long-acting muscarinic antagonists; ICs, inhaled corticosteroids.

Table 1 Demographics and clinical characteristics of the study 
subjects

Variables Total
(n=2,982)

COPD 
(n=1,491)

Non-COPD 
(n=1,491)

P-value 
for χ2 test

age, years
40–54 578 (19.4) 289 (19.4) 289 (19.4) 1
55–64 520 (17.4) 260 (17.4) 260 (17.4)
65–74 850 (28.5) 425 (28.5) 425 (28.5)
$75 1,034 (34.7) 517 (34.7) 517 (34.7)

sex
Female 1,138 (38.2) 569 (38.2) 569 (38.2) 1
Male 1,844 (61.8) 922 (61.8) 922 (61.8)

CCI
0 1,060 (35.6) 530 (35.6) 530 (35.6) 1
1 748 (25.1) 374 (25.1) 374 (25.1)
2 484 (16.2) 242 (16.2) 242 (16.2)
$3 690 (23.1) 345 (23.1) 345 (23.1)

Pneumonia
no 2,444 (82.0) 1,108 (74.3) 1,336 (89.6) ,0.0001
Yes 538 (18.0) 383 (25.7) 155 (10.4)

CVD
no 2,601 (87.2) 1,266 (84.9) 1,335 (89.5) ,0.0001
Yes 381 (12.8) 225 (15.1) 156 (10.5)

Cancer
no 2,768 (92.8) 1,379 (92.5) 1,389 (93.2) 0.478
Yes 214 (7.2) 112 (7.5) 102 (6.8)

Death
no 2,350 (78.8) 1,094 (73.4) 1,256 (84.2) ,0.0001
Yes 632 (21.2) 397 (26.6) 235 (15.8)

Note: Data are presented as n (%).
Abbreviations: CCI, Charlson comorbidity index; COPD, chronic obstructive 
pulmonary disease; CVD, cardiovascular disease.
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Impacts of major comorbidities on 
outcomes of COPD
We further investigated the association between major 

comorbidities and COPD outcome. Age and sex remained 

important determinants in developing major comorbidities 

over the next 4 years (Table 3). Hyperlipidemia was associ-

ated with decreased risk of pneumonia (HR 0.68; 95% CI 

0.49–0.93; P=0.016), but was not associated with increased 

risk of CVD (HR 1.09; 95% CI 0.77–1.53; P=0.641). Hyper-

lipidemia was also associated with decreased risk of mortality 

(HR 0.62; 95% CI 0.44–0.87; P=0.005). However, diabetes 

was associated with increased risk of pneumonia (HR 1.37; 

95% CI 1.05–1.79; P=0.019), and CVD (HR 1.66; 95% CI 

1.20–2.30; P=0.002). Patients with COPD having chronic 

renal disease (HR 1.66; 95% CI 1.20–2.30; P=0.002) and 

CVD (HR 1.94; 95% CI 1.23–3.07; P=0.005) were associ-

ated with increased mortality.

We used Kaplan–Meier survival estimates to compare 

survival between hyperlipidemia and non-hyperlipidemia in 

patients with COPD. With regard to the mortality for the 4-year 

follow-up period, patients with hyperlipidemia were associated 

with better survival by the log-rank test (Figure 2, P,0.01).

Table 2 Impact of age, sex, and CCI on major outcomes of COPD

Variables Hazard ratio (95% CI) P-value

Pneumonia
age 1.57 (1.44–1.72) ,0.0001

sex (male/female) 1.56 (1.25–1.94) ,0.0001

CCI 1 (1/0) 1.21 (0.91–1.59) 0.191

CCI 2 (2/0) 1.37 (1.02–1.84) 0.039

CCI $3 ($3/0) 1.61 (1.23–2.09) ,0.0001

aeCOPD

age 1.34 (1.24–1.44) ,0.0001

sex 1.83 (1.50–2.24) ,0.0001

CCI 1 0.91 (0.72–1.15) 0.410

CCI 2 0.92 (0.70–1.20) 0.525

CCI $3 1.17 (0.94–1.46) 0.171

Cardiovascular disease

age 1.54 (1.37–1.73) ,0.0001

sex (male/female) 1.12 (0.85–1.46) 0.425

CCI 1 (1/0) 0.97 (0.67–1.42) 0.887

CCI 2 (2/0) 1.20 (0.80–1.78) 0.378

CCI $3 ($3/0) 1.73 (1.24–2.41) 0.001

Cancer

age 1.17 (1.00–1.36) 0.044

sex (male/female) 1.70 (1.12–2.57) 0.013

CCI 1 (1/0) 0.70 (0.42–1.17) 0.172

CCI 2 (2/0) 1.16 (0.70–1.92) 0.579

CCI $3 ($3/0) 0.89 (0.54–1.47) 0.645

Mortality

age 2.04 (1.85–2.24) ,0.0001

sex (male/female) 1.46 (1.18–1.80) 0.001

CCI 1 (1/0) 0.83 (0.62–1.10) 0.197

CCI 2 (2/0) 1.00 (0.74–1.34) 0.988

CCI $3 ($3/0) 1.43 (1.12–1.83) 0.004

Abbreviations: aeCOPD, acute exacerbation of COPD; CCI, Charlson comorbidity 
index; CI, confidence interval; COPD, chronic obstructive pulmonary disease.

Table 3 Impacts of major comorbidities on outcomes of COPD

Variables Hazard ratio (95% CI) P-value

Pneumonia
age 1.54 (1.14–1.69) ,0.0001
sex (male/female) 1.52 (1.22–1.90) ,0.0001
hypertension 1.11 (0.90–1.36) 0.349
hyperlipidemia 0.68 (0.49–0.93) 0.016
Diabetes 1.37 (1.05–1.79) 0.019
Chronic renal disease 1.32 (0.92–1.89) 0.134
Cardiovascular disease 1.70 (1.02–2.88) 0.048
Oral steroids 1.04 (0.68–1.59) 0.857
Inhaled steroids 0.98 (0.79–1.20) 0.825

aeCOPD
age 1.32 (1.23–1.42) ,0.0001
sex (male/female) 1.81 (1.48–2.21) ,0.0001
hypertension 1.11 (0.92–1.34) 0.261
hyperlipidemia 0.80 (0.61–1.04) 0.099
Diabetes 0.92 (0.71–1.19) 0.529
Chronic renal disease 0.87 (0.60–1.25) 0.440
Cardiovascular disease 1.01 (0.58–1.74) 0.977
Oral steroids 1.16 (0.80–1.70) 0.442
Inhaled steroids 1.11 (0.92–1.32) 0.278

Cardiovascular disease
age 1.52 (1.35–1.72) ,0.0001
sex (male/female) 1.16 (0.88–1.53) 0.285
hypertension 1.47 (1.12–1.95) 0.007
hyperlipidemia 1.09 (0.77–1.53) 0.641
Diabetes 1.66 (1.21–2.27) 0.002
Chronic renal disease 1.03 (0.63–1.68) 0.896
Oral steroids 1.27 (0.77–2.07) 0.352
Inhaled steroids 0.95 (0.72–1.24) 0.681

Malignancy
age 1.17 (1.01–1.37) 0.043
sex (male/female) 1.66 (1.10–2.52) 0.017
hypertension 1.00 (0.67–1.49) 0.999
hyperlipidemia 0.66 (0.36–1.20) 0.171
Diabetes 0.93 (0.53–1.64) 0.804
Chronic renal disease 0.86 (0.37–1.97) 0.771
Cardiovascular disease 1.04 (0.92–1.18) 0.979
Oral steroids 1.55 (0.71–3.37) 0.273
Inhaled steroids 1.03 (0.71–1.50) 0.876

Mortality
age 1.97 (1.78–2.17) ,0.0001
sex (male/female) 1.37 (1.11–1.70) 0.004
hypertension 0.95 (0.77–1.16) 0.592
hyperlipidemia 0.62 (0.44–0.87) 0.005
Diabetes 1.30 (1.00–1.70) 0.054
Chronic renal disease 1.66 (1.20–2.30) 0.002
Cardiovascular disease 1.94 (1.23–3.07) 0.005
Oral steroids 1.41 (0.98–2.02) 0.062
Inhaled steroids 0.90 (0.73–1.10) 0.306

Abbreviations: AECOPD, acute exacerbation of COPD; CI, confidence interval; 
COPD, chronic obstructive pulmonary disease.
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Discussion
Our results demonstrate that COPD was associated with 

increased incidence of pneumonia, CVD, and mortality 

compared with matched subjects. CCI .3 was associated 

with increased risk of pneumonia, CVD, and mortality in 

patients with COPD. Among these comorbidities, patients 

with COPD patients having hyperlipidemia had lower inci-

dence of pneumonia and mortality.

COPD continued to be one of the major threats to human 

health. In a previous analysis of national mortality and popu-

lation data of Taiwan, it was found that the mortality rate for 

COPD increased gradually in the 1990s.26 But the mortality 

rate of COPD is probably underestimated, as COPD is often 

underreported on death certificates.27 On comparison with 

matched control subjects, we found that patients with COPD 

have increased risk of developing pneumonia, CVD, and 

mortality. Aging is a worldwide health care problem in the 

modern society and our results show that age is an indepen-

dent risk factor for comorbidities and major COPD outcomes. 

COPD is often associated with a variety of comorbidities and 

its relationship is complex.28 COPD should be considered as a 

component of multimorbidity and some common pathways of 

pathogenesis are suggested.29 Current COPD treatments, both 

pharmacological30 and nonpharmacologial31,32 interventions, 

can effectively improve lung function, relieve symptoms, 

prevent exacerbation, and improve quality of life. However, 

there is an urgent need for treatment to prevent mortality.33,34 

Our results once again highlight the association between 

COPD and comorbidities and thus suggest appropriate man-

agements and prevention of comorbidities that could possibly 

be the key toward reducing mortality in COPD.

CVD is  the leading cause of  mortal i ty  and 

hospital admission in COPD patients.35 Long-term use of phar-

macological treatment with bronchodilators, including β-2 

agonists and anticholinergic agents, may be associated with 

increased risk to develop cardiovascular complications.23,36–39 

Although hyperlipidemia is a well-known risk factor of CVD, 

our results show that the incidence of CVD was not increased 

in patients with COPD having hyperlipidemia. On the con-

trary, the incidence of pneumonia and mortality was lower 

in patients with COPD having hyperlipidemia. Malnutrition 

is common in patients with COPD because of increased 

energy expenditure and decreased intake. The adipose tissue 

is involved in the development of systemic inflammation 

of CVD by releasing a wide variety of substances called 

adipokines.40,41 Dysregulation of adipokines, including leptin 

and adiponectin with proinflammatory and anti-inflammatory 

activities, may contribute to the development of systemic 

inflammation in COPD.42 Since COPD is a heterogeneous 

disease with different pathogenesis and phenotypes, efforts 

should be made to clarify the relationship between COPD and 

hyperlipidemia, from basic science to bedside practice.

Statins are lipid-lowering agents that have been widely 

used to treat hyperlipidemia and astherosclerotic disease. In 

addition to lipid-lowering activity, statin has anti-inflam-

matory, antifibrotic, and immunomodulation effects.43 In 

an animal study, simvastatin could ameliorate the structural 

and functional derangements of the lungs caused by ciga-

rette smoking through reduction of chemokines and metal-

loproteinases.44 Previous studies have also shown that the 

use of statin has a beneficial impact on improved airflow 

limitation,45 lower risk of AECOPD,46 and improved survival 

after exacerbation in patients with COPD.47,48 However, most 

of these published studies have inherent methodological 

limitations due to retrospective studies or population-based 

analyses. So, there is a need for prospective interventional 

trials designed specifically to assess the impact of statins on 

clinically relevant outcomes in COPD.

Strengths and limitations
Investigation of clinical problems by using public health 

data has the following strengths. First, it includes a large 

population. Second, it is a real-life data without restrictions 

in age, economic status, races, concomitant drug treatments, 

comorbidities, and possibly is more clinical relevant. How-

ever, our study may have the following limitations. First, the 

data is primarily based on financial claims and its quality is 

questionable in some aspects. Social and behavior charac-

teristics (such as smoking status) and COPD severity are not 

available. In order to assure the accuracy of diagnosis, we 

included newly diagnosed patients with COPD on regular 

treatment with inhaler medication because their claims had 

been carefully inspected and the diagnosis was supported by 

Figure 2 Kaplan–Meier survival estimates for hyperlipidemia and non-hyperlipidemia 
in patients with COPD.
Note: Patients with COPD having hyperlipidemia are associated with better survival 
(P,0.05).
Abbreviation: COPD, chronic obstructive pulmonary disease.
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laboratory data. Second, although a matched control group 

was selected for comparison, there could still be possible 

unknown confounding factors. Third, the diagnosis of the 

comorbidities, including hyperlipidemia, listed in this study 

was not confirmed by laboratory and image data.

Conclusion
In conclusion, by using a nationwide health insurance data-

base, this retrospective analysis demonstrates that patients with 

COPD with hyperlipidemia is not associated with increased 

incidence of CVD, but is associated with decreased risk of 

having pneumonia and death. Further investigation, from basic 

science to clinical investigation, is warranted to clarify the 

impact of hyperlipidemia on the outcome of COPD.
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