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Background and objective: COPD patients with community-acquired pneumonia (CAP) 

have worse clinical outcomes, as compared to those without COPD. Cardiovascular disease 

(CVD) is a common comorbidity for COPD patients. Whether COPD with comorbid CVD will 

increase the risk of CAP is not well investigated. The incidence and factors associated with 

CAP in COPD patients with and without CVD were analyzed.

Methods: The medical records of patients with newly diagnosed COPD between 2007 and 

2010 were reviewed. The patients’ characteristics, medical history of CVD, occurrence of 

CAP, and type of medication were recorded. Kaplan–Meier curves were used to assess the 

differences in cumulative incidence of CAP. Cox’s proportional hazards regression model was 

used to determine the adjusted hazard ratios with 95% confidence intervals in relation to factors 

associated with CAP in COPD patients with and without CVD.

Results: Among 2,440 patients, 475 patients (19.5%) developed CAP during the follow-up 

period. COPD patients who developed CAP were significantly older, had lower forced expira-

tory volume in 1 second, frequent severe exacerbation and comorbid CVD, as well as received 

inhaled corticosteroid (ICS)-containing therapy than those without CAP. The cumulative 

incidence of CAP was higher in COPD patients with CVD compared to those without CVD. 

Patients who received ICS-containing therapy had significantly increased risk of developing 

CAP compared to those who did not.

Conclusion: For patients with COPD, comorbid CVD is an independent risk fac-

tor for developing CAP. ICS-containing therapy may increase the risk of CAP among 

COPD patients.

Keywords: chronic obstructive pulmonary disease, COPD, community-acquired pneumonia, 

cardiovascular disease, inhaled corticosteroids, CAP, CVD

Introduction
COPD is the leading cause of death for both males and females in the US and is pro-

jected to rise in ranking by 2020.1 According to data from the National Center for Health 

Statistics of the Centers for Disease Control and Prevention, COPD became the third 

leading cause of death by 2008.1,2 Like other chronic diseases, COPD is usually related 

to pneumonia3 and is the most common fundamental clinical condition for patients who 

need intensive care due to severe community-acquired pneumonia (CAP).4 Compared 

to patients without COPD, CAP patients with COPD are likely to have more severe 

pneumonia, increased number of hospital admissions, and worse outcome.5–8

The risk factors for acquiring CAP include increasing age and comorbid illnesses 

such as neoplasia, liver disease, renal disease, cardiac failure, and altered mental 
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status.9 In Europe, one review article showed that chronic 

cardiovascular disease (CVD) increases the risk of CAP in 

adults, even up to threefold. Other studies also showed that 

chronic heart disease and heart failure are the risk factors of 

CAP.10 Another cohort study of patients with an episode of 

CAP that was conducted to predict mortality after discharge 

showed that comorbid cerebrovascular disease and CVD, 

altered mental state, anemia, hyperglycemia, and increasing 

age were independent predictors of mortality.11 Furthermore, 

incident cardiac complications such as myocardial infarc-

tion and new or worsening arrhythmias/heart failure are 

common in patients with CAP and are related to increased 

short-term mortality.12

Inhaled corticosteroids (ICSs) is one of the recommended 

pharmacotherapies for COPD by the Global Initiative for 

Chronic Obstructive Lung Disease (GOLD).13 However, 

many studies have shown that ICSs may increase the risk of 

pneumonia and pneumonia-related hospitalization in COPD 

patients.14–16 The underlying mechanism has not been under-

stood clearly, although the anti-inflammatory effects and local 

immune suppression of the airways may be involved.17–19

Compared to heart failure, limited data are available 

regarding the impact of CVD on the occurrence of CAP in 

COPD patients. This retrospective study aimed to investigate 

the impact of comorbid CVD in hospitalized COPD patients 

with CAP. We hypothesized that COPD patients with CVD 

may have increased risk of developing CAP. The use of ICSs 

was also assessed to examine the risk of developing CAP 

in COPD patients.

Materials and methods
Patients and study design
COPD was diagnosed according to the GOLD guidelines.13 

The medical records of patients with newly diagnosed COPD 

(ICD-9: 496) between January 1, 2007 and December 31, 2010 

were reviewed. Patients who had no pulmonary function data 

or who had history of asthma were excluded. A total of 2,440 

patients with COPD were finally enrolled (Figure 1). The 

patients’ characteristics, medical history of CVD, occurrence 

of CAP, and type of medication were recorded. The enrolled 

patients had been followed for at least 3 years. The median 

follow-up periods (interquartile range) for patients without 

Figure 1 Flowchart of study profile.
Abbreviations: CaP, community-acquired pneumonia; PFT, pulmonary function test.
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ICS-containing therapy and CVD, patients without ICS-

containing therapy but with cardiovascular disease (CVD), 

patients with ICS-containing therapy but without CVD, and 

patients with ICS-containing therapy and CVD were 54.8, 

54.8, 57.1, and 58.5 months, respectively. There was no 

statistically significant difference in the follow-up period 

among groups. All medical records were deidentified prior to 

analysis. The database was analyzed anonymously by using 

encrypted personal identification number. The Institutional 

Review Board of Changhua Christian Hospital approved the 

study and protocol (CCH-IRB-121218) and deemed patient 

consent was not required as this was a retrospective study 

using de-identified patient data.

Variables and definitions
COPD was defined as post-bronchodilator forced expiratory 

volume in 1 second (FEV
1
) to forced vital capacity (FVC) 

ratio of less than 0.70, while COPD severity was classified 

according to the GOLD staging.13 A CAP diagnosis was 

reviewed by the research team based on confirmatory clini-

cal findings, including new chest radiographic infiltrates, 

presentation of cough, sputum production, fever .37.8°C, 

dyspnea, altered mental status, pleuritic chest pain, and/

or leukocytosis .12,000/mm3, and isolation of pathogens 

from respiratory samples. The presence of CVD was diag-

nosed by symptoms of patients, combined with positive 

coronary artery angiography, myocardial perfusion scan, 

multidetector computed tomography of cardiac angiogra-

phy, echocardiogram, or treadmill stress test performed at 

the cardiovascular outpatient clinic. Patients who had only 

mild symptoms, but significant CVD on angiography or 

computed tomography were also included. The presence 

of diabetes mellitus (DM) was diagnosed by either fasting 

glucose level .126 mg/dL or Glycated hemoglobin A1C 

(HbA1c) .6.5%. Patients with DM were regularly treated 

with an oral hypoglycemic agent or insulin. Severe exac-

erbation of COPD was defined as emergency room visit or 

hospitalization.

statistical analysis
Due to non-normal distributions, results for continuous 

variables are given as medians with interquartile ranges 

(25th–75th percentiles). Results for categorical variables are 

presented in frequencies and percentages. Comparisons of 

demographic and clinical characteristics among patients who 

did and did not develop CAP were performed by Wilcoxon 

rank sum tests for continuous variables and by chi-square 

tests for categorical variables.

The time between COPD diagnosis and first CAP occur-

rence was considered as the time to pneumonia. Death without 

CAP occurrence was treated as a competing risk event since 

death may preclude CAP occurrence, thereby censoring the 

estimation of CAP incidence.

To investigate the factors related to CAP occurrence, Cox 

proportional hazards regression with competing risk analysis 

was used to calculate the crude hazard ratios and adjusted 

hazard ratios (aHRs) and the 95% confidence intervals (CIs) 

according to the approach of Fine and Gray.20 The multivari-

ate analysis was adjusted for ICSs and CVD group, gender, 

age, body mass index (BMI), FEV
1
% predicted, exacerbation 

frequency, DM, comorbid pulmonary disease, and cerebral 

vascular disease. The cumulative incidence curve was plotted 

according to this revision model. Cumulative incidence 

curves for estimating the probability of progression to pneu-

monia over time were generated, and Gray’s test was used to 

test for differences between the study groups. Calculations 

of cumulative incidences and all competing risk analyses 

were conducted using the “cmprsk” package (version 3.1.2; 

https://cran.r-project.org/web/packages/cmprsk/index.html), 

while the “survival” package (https://cran.r-project.org/web/

packages/survival/index.html) was used to generate cumula-

tive incidence plots. A two-tailed P,0.05 was considered 

statistically significant.

Results
Of the 2,440 patients included in the analysis, 522 patients 

(21.4%) had CVD. By the end of the study period, 

475 patients (19.5%) had developed CAP during the fol-

low-up period. Based on the patient characteristics, patients 

who developed CAP were significantly older, had lower 

FEV
1
, comorbid DM, more frequent severe exacerbation 

and comorbid CVD, as well as had received ICS-containing 

therapy compared to those without CAP (Table 1). By using 

multivariate regression analysis, increased age (aHR: 1.03; 

95% CI: 1.02–1.04), FEV
1
% predicted (aHR: 1.0; 95% CI: 

0.99–1.0), more frequent severe exacerbation (aHR: 1.10; 

95% CI: 1.07–1.12), ICS-containing therapy (aHR: 1.26; 

95% CI: 1.03–1.54), the presence of CVD (aHR: 1.28; 95% 

CI: 1.05–1.57), DM (aHR: 1.54; 95% CI: 1.21–1.95), and 

comorbid pulmonary disease (inclusive of bronchiectasis, 

history of tuberculosis and lung cancer) (aHR: 1.91; 95% 

CI: 1.52–2.40), were found to be associated with increased 

risk of developing CAP (Table 2).

Among the 2,440 COPD patients, intensive care unit 

admission was 11.45% in patients with CVD and 15.41% 

in patients without CVD. The P-value was not significant. 
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Therefore, CVDs have no effects on the clinical outcome 

of CAP in terms of intensive care unit admission (data not 

shown).

Cumulative incidence curves for estimating the probabil-

ity of progression into pneumonia over time are presented 

in Figure 2. Significant differences were found between the 

four study groups (P,0.01, by Gray’s test). After 2 years 

follow-up, the cumulative incidence of pneumonia was 

higher in the group of COPD patients with CVD than in those 

without CVD. Of particular interest, patients with comorbid 

CVD who received ICS-containing therapy had significantly 

increased risk of developing CAP than those who did not 

receive ICS-containing therapy or those who only had comor-

bid CVD (Figure 2) (P,0.01, by log-rank test).

In subgroup analysis based on the absence of CVD, after 

adjusting for other potential confounders, age, lower FEV
1
% 

predicted, severe exacerbation frequency, and ICS-containing 

therapy were found to be the potential risk factors of CAP 

(Table 2). For patients with comorbid CVD, multivariate analy-

sis revealed that age and frequent severe exacerbation increased 

the risk of developing CAP (Table 2). Although all patients 

with comorbid DM had higher incidence of CAP, multivariate 

analysis showed no significant difference in the incidence of 

CAP in the subgroup of patients with comorbid CVD (CAP 

28.2% vs without comorbid CVD 21%, P=0.11) (Table 1).

Discussion
CVDs are the most common comorbid diseases of 

COPD.18,19,21 Pre-existing CVD may increase long-term mor-

tality in elderly COPD patients with pneumonia.21 A 5-year 

prospective study showed that CVD was the most common 

risk factor of long-term mortality after hospitalization for 

CAP.22 In this study, the presence of CVD in COPD patients 

was found to be an independent risk factor for developing 

CAP. COPD patients who developed CAP were significantly 

older, had lower FEV
1
, more frequent severe exacerbation 

and comorbid CVD, and received ICS-containing therapy 

compared to those without CAP.

Cardiac comorbidities are highly prevalent in COPD 

patients. The prevalence of CVD in COPD ranges from 13% 

to 68%.23 One review article mentioned that ischemic heart 

disease (IHD) was the most frequent cardiac comorbidity in 

Figure 2 Kaplan–Meier curve for pneumonia-free survival of COPD patients stratified by comorbid CVD and ICS-containing therapy (N=2,440).
Notes: These groups include patients without CVD with ICs-containing therapy, patients without CVD with non–ICs-containing therapy, patients with CVD with ICs-
containing therapy, patients with CVD with non–ICs-containing therapy.
Abbreviations: CVD, cardiovascular disease; hr, hazard ratio; ICs, inhaled corticosteroid.
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COPD patients. The risk of developing IHD, and particularly, 

acute coronary syndrome, is significantly higher in COPD 

patients, as compared to the general population. COPD is 

also frequent in IHD patients, ranging in incidence from 4% 

to 18%.24 The prevalence rate of CVD in COPD patients is 

21.4% in this study, and is higher than those in other reports 

due to the different criteria used to define CVD. Patients with 

either COPD or CVD may share common risk factors, aging 

process, disability, and systemic inflammation pathways. 

Several studies have shown that COPD may increase the risk 

of CVD independently, and an increased risk of mortality trend 

was also found in COPD patients with comorbid CVD.21,25,26 

Another study also reported similar results in the CVD patients 

with pneumonia.27,28 In a review article about the risk factors 

of pneumonia, chronic CVD increased the risk of CAP up 

to threefold, with crude odds ratios ranging from 1.4 to 3.2. 

Some studies supported an association between chronic heart 

disease or heart failure and the risk of CAP.10 Compared to 

heart failure, limited data are available regarding the impact 

of CVD on the occurrence of CAP in COPD patients. There-

fore, a better understanding about the increased risk of CAP 

in COPD patients with CVD may help clinicians understand 

how to improve the clinical outcomes of the patients.

The overall incidence of CAP in COPD patients was 

19.5% in this study, which is higher than the incidence 

(8%) reported by Müllerova et al.29 The difference between 

our study and Müllerova et al may be attributed to higher 

CVD comorbidity and COPD severity according to baseline 

patient characteristics in our study. In addition to CVD and 

COPD, increased age ($65 years) has been considered as 

an independent risk factor for severe CAP.30 Towards a 

Revolution in COPD Health study, which was a large prospec-

tive and randomized study performed for a period of 3 years, 

reported that both increased age ($55 years) and reduced 

BMI (,25 kg/m2) were independent risk factors for devel-

oping CAP in COPD patients.31 Lange et al also found that 

reduced BMI (,20 kg/m2) was a contributing factor of death 

due to pneumonia.32 The reason might be that elderly people 

are likely to have deteriorated functional status, increased 

disease severity, and coexisting medical illnesses,33 and that 

BMI may have strong association with immune response.34

It was observed in this study that ICS-containing therapy 

was associated with a higher risk of pneumonia. This find-

ing is supported by growing evidence which implies that 

ICSs use is a risk factor for pneumonia in COPD patients, 

because it can increase the relative risk of pneumonia by 

34%–60%.15,16 However, there is no significantly increased 

risk of death for COPD patients with ICSs use, as reported 

by those meta-analyses. Recently, a retrospective pairwise 

cohort study in Sweden reported the increased risk of pneu-

monia and pneumonia-related events in COPD patients who 

received fixed combinations of ICS/long-acting β
2
 agonist 

with an intraclass difference.35 Furthermore, for patients 

with comorbid CVD, multivariate analysis revealed that 

ICS-containing therapy increased the risk of developing 

CAP. Future studies should investigate whether specific 

subsets of patients with COPD (with regard to underlying 

comorbidity) can benefit from ICS therapy.

The limitations in this study should be addressed. Firstly, 

it was an observational retrospective analysis. The causes 

of death of the COPD patients were not examined in detail. 

We cannot determine the interrelation between CVD, CAP, 

and COPD regarding their impact on mortality. Secondly, 

the dosage, class, and duration of ICSs use for the COPD 

patients were not analyzed thoroughly. Thirdly, the mecha-

nism underlying increased risk of CVD is not clear at this 

stage. Future studies in this regard are warranted.

Conclusion
This study revealed that COPD patients with comorbid 

CVD had increased risk of CAP. Patients with comorbid 

CVD who received ICS-containing therapy had significantly 

increased risk of developing CAP compared to those who 

did not receive ICS-containing therapy or those who only 

had comorbid CVD.
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