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ABSTRACT There is controversy regarding the impact of chronic obstructive pulmonary disease (COPD)

in clinical outcomes in elderly patients with pneumonia. Comorbidities such as cardiovascular disease have

been reported to play an important role in patients with acute exacerbations of COPD. However, limited

data are available regarding the impact of cardiovascular disease in elderly COPD patients who require

hospitalisation for pneumonia.

We examined a cohort of subjects with pneumonia and pre-existing COPD. Prior cardiovascular disease

was defined as history of myocardial infarction, congestive heart failure, cardiac arrhythmia, unstable

angina or stroke. Outcomes examined included 30-day, 90-day, 6-month and 1-year mortality.

We included 17 140 elderly COPD patients who were hospitalised for pneumonia. Prior cardiovascular

disease was present in 10 240 (59.7%) patients. Prior cardiovascular disease was independently associated

with 90-day mortality (21.3% versus 19.4%; hazard ratio (HR) 1.29, 95% CI 1.02–1.17), 6-month mortality

(29.0% versus 26.1%; HR 1.28, 95% CI 1.07–1.50) and 12-month mortality (39.2% versus 34.5%; HR 1.33,

95% CI 1.15–1.54) when compared to no prior cardiovascular disease. The temporal differential effect

between groups increases from 1.0% at 30 days to 4.7% at 1 year.

Prior cardiovascular disease is associated with increased long-term mortality in elderly COPD patients

with pneumonia. Differences in mortality rates increased over time.
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Introduction
Chronic obstructive pulmonary disease (COPD) is the third leading cause of death in the USA, affecting

.12 million people [1]. COPD is characterised by progressive airflow limitation and intermittent episodes

of exacerbations that are mainly caused by viral or bacterial infections [2]. Although COPD is a lung disease,

comorbid conditions play an important role in the natural history of the disease [3]. The most common

comorbid condition in COPD patients is cardiovascular disease [4, 5]. Furthermore, COPD patients with

cardiovascular disease who develop an acute exacerbation have higher mortality [6, 7].

It is not clear whether COPD patients who develop pneumonia have worse outcomes than those without

COPD. Studies have shown that COPD patients who develop pneumonia have higher mortality [8–10], a

protective effect [11] or no effect [12, 13]. These differences in mortality may be associated with the comorbid

conditions rather than the pneumonia itself [14]. However, limited data are available regarding the impact of

both pre-existing cardiovascular disease and COPD in elderly patients hospitalised with pneumonia.

Therefore, the aim of the present study was to examine the impact of prior cardiovascular disease in short-

and long-term mortality in COPD patients hospitalised with pneumonia. Our hypothesis was that patients

with COPD with an acute infectious process such as pneumonia will have significantly higher mortality if

prior cardiovascular disease is present.

Methods
We conducted a retrospective cohort study using the national administrative database of the Dept of

Veterans Affairs (VA) Health Care System to examine outcomes for elderly COPD patients hospitalised with

pneumonia. The VA databases are the repositories of clinical and administrative data from the .150 VA

hospitals and 850 clinics. The institutional review board of the University of Health Science Center at San

Antonio (San Antonio, TX, USA) approved this study.

Inclusion and exclusion criteria
We identified all patients who had a VA hospital stay during fiscal years 2002–2007 (October 2001 to

September 2007) with a prior diagnosis of COPD (International Classification of Diseases (ICD), ninth

revision codes 490–492 or 496) and a primary discharge diagnosis of pneumonia (ICD-9 codes 480.0–483.99

or 485–487.0) or a secondary discharge diagnosis of pneumonia with a primary diagnosis of respiratory failure

(ICD-9 code 518.81) or sepsis (ICD-9 code 038.xx).

We included elderly patients in this study if they 1) were aged o65 years on the date of hospital

presentation; 2) had o1 year of VA outpatient care before admission; 3) had received at least one of the

following respiratory medications during the 30-day period before hospitalisation: any form of b-agonist,

theophylline, tiotropium or ipratropium bromide; and 4) had received at least one dose of antibiotics

within 48 h of admission. For patients with multiple hospitalisations, we only assessed the first admission

during the study period.

We excluded patients with history of asthma (ICD-9 codes 493.xx).

Data
This study used demographic, utilisation and clinical data from the National Patient Care Database,

pharmacy data from the VA Decision Support System and Pharmacy Benefits Management group, and

mortality data from the VA vital status file. Encrypted patient identifiers were used to link the information

from each database.

We obtained demographic information (age, sex, race and marital status) from in-patient and outpatient

data. We categorised race as white, black, other or missing. We used ICD-9 codes for tobacco use (305.1 and

V15.82), attendance at a smoking cessation clinic or use of medications for the treatment of nicotine

dependence (Zyban (GlaxoSmithKline, Brentford, UK), nicotine replacement or varenicline) to identify

recent tobacco use.

We assessed the presence of comorbid conditions using the Charlson–Deyo system to assign comorbidity

scores for pre-existing conditions [15]. The Charlson–Deyo comorbidity score is based on 19 comorbid

conditions, and we included the individual conditions in the survival models.

The primary independent variable of interest was prior cardiovascular disease. We identified cardiovascular

events in the cohort using ICD-9 codes indicating diagnosis of myocardial infarction, congestive heart

failure, cardiac arrhythmia, unstable angina and stroke as previously described [16]. We defined prior

cardiovascular events as those that occurred o1 day before the day of admission for the pneumonia

hospitalisation and examined records dating back to o1 year before that hospitalisation.
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Outcomes
The primary outcomes for this study were 30-day, 90-day, 6-month and 12-month mortality. We chose

these periods for follow-up because previous research demonstrated that mortality within 30 days is

primarily pneumonia-related, whereas mortality after 60 days is more frequently caused by comorbid

conditions [14]. Mortality was assessed to January 1, 2008, using the VA vital status file. Previous studies

have demonstrated that this data source has a sensitivity of ,98% for veterans’ deaths [17].

Statistical analysis
We used bivariate statistics to test the associations of demographics and clinical characteristics and

mortality. Categorical variables were analysed using t-tests. We defined statistical significance using a two-

tailed p-value ,0.05. We performed a multivariable analysis using a Cox proportional survival model

examining mortality over the year after admission. We also present a Kaplan–Meier curve representing the

survival data. Potential confounders (with p-values ,0.1 in the univariate analyses) included in the

regression models of mortality were age, race, marital status, smoker, alcohol abuse, peripheral vascular

disorder, hemiplegia, diabetes (complicated and uncomplicated), malignancy, metastatic cancer,

cerebrovascular disease and cardiovascular or diabetes medications.

All analyses were performed using SPSS version 19.0 for Windows (SPSS Inc; Chicago, IL, USA).

Results
A total of 17 140 elderly patients meet all study eligibility criteria. Of these, 10 240 (59.7%) had prior

cardiovascular disease and 6900 (40.3%) had no prior cardiovascular disease. The more frequent cardiovas-

cular conditions were congestive heart failure (n56673, 65.1%), cardiac arrhythmia (n56244, 60.9%),

myocardial infarction (n53020, 29.5%) and unstable angina (n52994, 29.2%). Our cohort of pneumonia

patients with COPD were mainly male (98.5%), elderly (mean¡SD age 76.4¡6.3 years) and married (54.4%).

Comparisons of patient characteristics stratified by the presence or absence of prior cardiovascular disease

showed that those with prior cardiovascular disease were less likely to have cancer, current tobacco use or

alcohol abuse, and more likely to be married, have diabetes or renal disease, or to be receiving cardiovascular or

diabetes medications. There were no statistically significant differences regarding pulmonary medications,

including inhaled corticosteroids among cardiovascular risk groups (table 1).

Overall, of the COPD patients hospitalised with pneumonia, 2045 (11.9%) died within 30 days, 3506

(20.5%) within 90 days, 4769 (27.8%) within 6 months and 6392 (37.3%) within 12 months. In the

unadjusted model, COPD patients with prior cardiovascular disease hospitalised with pneumonia had

significantly higher 30-day mortality (12.3% versus 11.3%), 90-day mortality (21.1% versus 19.4%),

6-month mortality (29.0% versus 26.1%) and 12-month mortality (39.2% versus 34.5%), when compared to

patients without prior cardiovascular disease (table 2). Furthermore, in the Cox proportional survival

multivariable analyses, after adjusting for potential confounders, prior cardiovascular disease remains

independently associated with mortality at 90 days (hazard ratio (HR) 1.29, 95% CI 1.02–1.17), 6 months

(HR 1.28, 95% CI 1.07–1.50) and 12 months (HR 1.33, 95% CI 1.15–1.54) (table 2). Figure 1 shows a

Kaplan–Meier curve representing the survival data. Temporal differential mortality effect between groups

increases from 1.0% at 30 days to 4.7% at 1 year among COPD patients hospitalised with community-

acquired pneumonia (CAP) (fig. 2).

Discussion
Our study suggests that prior cardiovascular disease in elderly COPD patients hospitalised with pneumonia

is associated with higher long-term mortality as compared to those without prior cardiovascular disease. In

addition, the temporal differential mortality effect among groups increases over time. To our knowledge, no

other study has evaluated the impact of prior cardiovascular disease in short- and long-term mortality

among COPD patients who are hospitalised with pneumonia.

Comorbidities are recognised to have an important impact on the management and prognosis of COPD [3].

In addition to smoking, elderly patients with COPD have other risk factors for cardiovascular disease, due to

their advanced age and reduced levels of physical activity. Several studies have recognised cardiovascular

disease as the most common comorbid condition in COPD patients [4, 5]. In our cohort, nearly 60% of the

COPD patients had a concomitant comorbid diagnosis of prior cardiovascular disease at the time of

pneumonia presentation. Furthermore, previous studies also detected cardiovascular disease as the most

common condition in pneumonia [18, 19]. In addition, different studies [20, 21] have showed an increased

risk of mortality among COPD patients with cardiovascular disease. Similar results have been observed among

patients with pneumonia and cardiovascular disease [22, 23]. Therefore, a better understanding of the
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complexity of these interactions among chronic diseases (e.g. COPD and cardiovascular disease) and acute

conditions (e.g pneumonia) may help clinicians to understand how to improve clinical outcomes for patients.

Several studies have shown that hospitalised pneumonia patients are associated with increased long-term

mortality, but the potential reasons for these observations are unclear [22, 24]. MORTENSEN et al. [14]

demonstrated that mortality within 30 days was associated with pneumonia and that within 30 and 90 days

was not associated with pneumonia, but mainly with comorbid conditions. In addition, some authors have

shown that an increasing number of comorbid conditions in pneumonia patients are associated with this

TABLE 2 Mortality assessment of chronic obstructive pulmonary disease patients hospitalised with community-acquired
pneumonia according to prior cardiovascular disease status

Mortality Prior cardiovascular disease Unadjusted Adjusted#

No Yes HR (95% CI) p-value HR (95% CI) p-value

30-day 782 (11.3) 1263 (12.3) 1.10 (1.01–1.20) 0.042 1.18 (0.73–1.10) 0.3
90-day 1342 (19.4) 2164 (21.1) 1.10 (1.03–1.18) 0.007 1.25 (1.03–1.53) 0.02
6-month 1800 (26.1) 2969 (29.0) 1.13 (1.06–1.20) ,0.001 1.27 (1.07–1.50) 0.006
12-month 2380 (34.5) 4012 (39.2) 1.17 (1.11–1.23) ,0.001 1.34 (1.16–1.54) ,0.001

Data are presented as n (%), unless otherwise stated. HR: hazard ratio. #: potential confounders, with p-values ,0.1 in the univariate analyses,
were age, race, marital status, smoker, alcohol abuse, peripheral vascular disorder, hemiplegia, diabetes (complicated and uncomplicated),
malignancy, metastatic cancer, cerebrovascular disease and cardiovascular or diabetes medications.

TABLE 1 Patient demographic and clinical characteristics by the presence of prior cardiovascular (CV) disease

No prior CV disease Prior CV disease p-value

Subjects 6900 (40.3) 10 240 (59.7)
Age years 75.3¡6.3 76.8¡6.4 ,0.001
Male 6785 (98.3) 10 092 (98.6) 0.25
Race/ethnicity ,0.001

White 5967 (86.5) 8957 (87.5)
Black 587 (8.5) 891 (8.7)
Other 345 (5.0) 392 (3.8)
Missing 279 (4.0) 298 (2.9)

Married 3680 (53.3) 5649 (55.2) 0.018
Smoker 3548 (51.4) 4946 (48.3) ,0.001
Alcohol abuse 369 (5.3) 426 (4.2) ,0.001
Drug abuse 85 (1.2) 138 (1.3) 0.536
Pre-existing comorbid conditions

Peripheral vascular disorders 853 (12.4) 1910 (18.7) ,0.001
Hemiplegia or paraplegia 77 (1.1) 114 (1.1) 1.0
Diabetes

Uncomplicated 1382 (20.0) 3462 (33.8) ,0.001
Complicated 300 (4.3) 1018 (9.9) ,0.001

Renal disease 405 (5.9) 1440 (14.1) ,0.001
Moderate or severe liver disease 49 (0.7) 72 (0.7) 1.0
Mild liver disease 18 (0.3) 28 (0.3) 0.996
Peptic ulcer disease 237 (3.4) 380 (3.7) 0.358
AIDS 14 (0.2) 13 (0.1) 0.241
Metastatic cancer 288 (4.2) 339 (3.3) 0.004
Malignancy 1919 (27.8) 2502 (24.4) ,0.001
Leukaemia 136 (2.0) 175 (1.7) 0.220
Rheumatoid arthritis and collagen vascular diseases 188 (2.7) 302 (2.9) 0.400
Cerebrovascular disease 850 (12.3) 1788 (17.5) ,0.001
Dementia 160 (2.3) 275 (2.7) 0.138

Medications
Pulmonary medications 3.5¡1.7 3.5¡1.7 0.467
Cardiovascular medications 1.3¡1.3 2.5¡1.6 ,0.001
Diabetes medications 0.2¡0.5 0.3¡0.6 ,0.001

Data are presented as n (%) or mean¡SD, unless otherwise stated.
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increased long-term mortality [19, 22]. However, other studies suggest that the higher long-term mortality

of pneumonia cannot be solely explained by higher burden of chronic comorbid conditions predating

the occurrence of pneumonia [18]. Pneumonia may accelerate progression of pre-existing chronic

inflammatory diseases. Recent studies have shown that acute infections such as pneumonia may trigger

further inflammatory deleterious effects [25], which may be associated with poor clinical outcomes. Higher

concentrations of inflammatory markers in blood, such as C-reactive protein, procalcitonin and white

blood cells, have been shown to precede the development of acute coronary syndromes [26, 27]. Acute

infections, in addition to eliciting systemic inflammatory responses, can also have direct effects on

atherosclerotic plaques and coronary arteries [28, 29] and may worsen the long-term prognosis of

cardiovascular diseases. Our results suggest that worsening of prior cardiovascular disease may be the factor

associated with higher mortality. Our data showed that having prior cardiovascular disease is independently

associated with increased long-term mortality among elderly COPD patients hospitalised with pneumonia.

In addition, there is a temporal differential incremental mortality effect.

Although our study was a large database analysis and subject to the recognised limitations of such studies,

we carefully assembled our cohort from complete patient discharge data to avoid ascertainment bias. Our

sample was predominantly elderly and male because of our use of VA administrative data, and it is possible

that females with COPD and younger groups may have a different natural history. Several variables were not

available in this secondary data analysis, including pulmonary function tests to assess the severity of the

disease, the severity and number of cardiovascular events per year of disease and the use of systemic

corticosteroid treatment during hospitalisation. In addition, we could not differentiate between CAP and

healthcare-associated pneumonia among patients admitted with pneumonia. Another important limitation

was reliance on ICD-9 codes for the diagnosis of COPD and cardiovascular disease However, in order to

adjust for the appropriate ICD-9 diagnosis, we relied on validated tools by PERRY et al. [16], JOO et al. [30]

and COOKE et al. [31], which use specific pulmonary medications recommended for COPD patients. In

addition, we used the number of diabetes and cardiovascular medications in the multivariate disease-state
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analysis to control for possible confounders that may affect clinical outcomes. Our study is limited in its

ability to examine the causes of death and the mechanisms by which acute inflammation in patients with

pneumonia may increase mortality in elderly patients with prior COPD and cardiovascular disease. Further

studies should use a different design in order to conclusively demonstrate that this increase in mortality is

due to cardiac events.

In conclusion, we suggest that prior cardiovascular disease was associated with higher 90-day, 6-month and

12-month mortality in elderly patients with COPD who were hospitalised with pneumonia, after adjusting

for potential confounders. Despite the intrinsic limitations of observational studies using ICD-9 codes, these

findings should serve as hypothesis-generating data and contribute to the solution of ongoing controversies.

Clinicians should consider intensive treatment and control of cardiovascular disease in elderly COPD

patients after an acute episode of pneumonia in order to improve their long-term survival. Additional

studies are needed to understand the underlying mechanisms that are responsible for these findings.
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