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Abstract

Objectives—To determine how often hospitalized older patients principally diagnosed with 

pneumonia, chronic obstructive pulmonary disease (COPD), or heart failure (HF) are concurrently 

treated for two or more of these acute cardiopulmonary conditions.

Design—Retrospective cohort study.

Setting—368 US hospitals in the Premier research database

Participants—Patients ≥65 years-old principally hospitalized with pneumonia, COPD, or HF in 

2009 or 2010.

Measurements—Proportion of diagnosed episodes of pneumonia, COPD, or HF concurrently 

treated for two or more of these acute cardiopulmonary conditions during the first two hospital 

days.

Results—Among 91,709 diagnosed pneumonia hospitalizations, 32% received treatment for two 

or more acute cardiopulmonary conditions (18% received treatment for HF, 18% received 

treatment for COPD, and 4% received treatment for both HF and COPD). Among 41,052 

diagnosed COPD hospitalizations, 19% received treatment for two or more acute cardiopulmonary 
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conditions (all of which involved additional HF treatment). Among 118,061 diagnosed HF 

hospitalizations, 38% received treatment for two or more acute cardiopulmonary conditions (34% 

received treatment for pneumonia, 9% received treatment for COPD, and 5% received treatment 

for both pneumonia and COPD).

Conclusion—Hospitalized older patients diagnosed with pneumonia, COPD, or HF are 

frequently treated for two or more acute cardiopulmonary conditions, suggesting that clinical 

syndromes often fall between traditional diagnostic categories. Research is needed to evaluate the 

risks and benefits of real-world treatment for the many older patients whose presentations elicit 

diagnostic uncertainty or concern for coexisting acute conditions.

Keywords

Hospital medicine; pharmacoepidemiology; comorbidity; pulmonary diseases; cardiovascular 
disease

INTRODUCTION

Treatment guidelines,1-3 clinical textbooks,4-6 and investigations7-10 most often consider 

treatment during hospitalization from the perspective of a distinct disease or condition. Yet 

in practice, hospitalized patients are complex11 and may simultaneously receive multiple 

treatments that bridge traditional disease-specific categories due to concurrent illness, 

diagnostic uncertainty, or other reasons. Indeed, prior work has shown that patients 

hospitalized with a principal diagnosis of heart failure (HF) frequently receive concurrent 

therapies for pneumonia, acute asthma, or exacerbated chronic obstructive pulmonary 

disease (COPD), often for the entirety of hospitalization.12

Yet we do not know if this observation represents findings specific to heart failure or instead 

signals a more generalizable pattern among patients hospitalized with the most common 

cardiorespiratory illnesses. On the one hand, HF may be the quintessential syndrome that 

exemplifies uncertain treatment boundaries, as presenting symptoms are often non-

specific13,14 and may therefore be interpreted as resulting from respiratory or other illnesses. 

However, it may instead be that the most common acute cardiac and pulmonary conditions 

exhibit significant pathophysiologic overlap,15,16 are often concomitantly present,17-19 or are 

difficult to distinguish from one another in real world practice.13,14,20,21 Concurrent 

treatment may therefore be common in typical clinical practice. This question is important 

as large numbers of patients may have acute exacerbations that arise from two or more 

distinct conditions and therefore benefit little from scientific evidence focused on the 

treatment of single diseases. In particular, few studies and no large trials have tested 

treatment strategies in patients presenting with indistinct clinical syndromes or concomitant 

acute conditions, the treatment of which may work at cross-purposes.

We therefore sought to determine the frequency with which patients hospitalized with 

diagnoses of pneumonia, COPD, or HF are concurrently treated with therapies for two or 

more of these acute cardiopulmonary conditions, all of which frequently arise as 

exacerbations of underlying chronic illness. These three conditions are among the most 

common reasons for hospitalization among older persons and are a focus of quality 
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improvement in the Medicare program.22 If concurrent treatment is frequently present, this 

finding would demonstrate that empiric practice diverges significantly from narrowly 

focused disease taxonomies and evidence that prevail in medical education and the medical 

literature. This finding would also provide strong evidence that many hospitalized patients 

have acute illnesses that are difficult to categorize and largely unstudied. There would be 

great need to understand the effectiveness and safety of real-world therapeutic strategies that 

cross disease-specific boundaries in this complex population.

Accordingly, we examined a large database of hospitalizations in the US to primarily 

investigate whether older patients hospitalized with a principal diagnosis of pneumonia or 

COPD frequently receive concurrent treatment for HF and/or each other. As a secondary 

analysis, we sought to quantify the expected additional risk of major adverse hospital 

outcomes associated with treatment for two or more acute cardiopulmonary conditions. We 

focused on treatment patterns in older persons, as they are the most medically complex age 

group,11,23,24 the most likely to present in a non-specific manner,25 and the most likely to 

experience adverse effects of treatment.26

METHODS

Data source and study sample

We conducted a retrospective cohort study using the Premier research database, a voluntary, 

fee-supported database developed and maintained by Premier, Inc., for measuring quality 

and healthcare utilization. The Premier database contains information on approximately one-

fifth of all US discharges from 2000 to the present. The database contains standard hospital 

discharge files as well as date-stamps of all billed items, including procedures, medications, 

and diagnostic services at the individual patient level. Drug utilization information is 

available by day of stay and includes strength, quantity, and dosing.

We created two disease-specific cohorts of patients 65 years and older who were 

hospitalized in 2009 or 2010 with a principal discharge diagnosis of pneumonia or COPD. 

To provide further perspective on patterns of concurrent treatment and in-hospital outcomes 

of patients in these two cohorts, we also created a comparator cohort of patients 65 years and 

older hospitalized in 2009 or 2010 with a principal discharge diagnosis of HF. Cohorts were 

defined using International Classification of Diseases, Ninth Revision, Clinical Modification 

(ICD-9-CM) codes used by the Centers for Medicare & Medicaid Services in hospital 

quality measurement.22,27,28 The pneumonia cohort was defined using ICD-9-CM codes 

480.xx, 481, 482.0, 482.1, 482.2, 482.30, 482.31, 482.32, 482.39, 482.4x, 482.8x, 482.9, 

483.xx, 485, 486, 487.0, and 488.11. The COPD cohort was defined using ICD-9-CM codes 

491.21, 491.22, 491.8, 491.9, 492.8, 493.2xx, and 496. The HF cohort was defined using 

ICD-9-CM codes 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, and 

428.xx. We excluded hospitalizations involving transfer from another hospital or that had an 

unknown admission source, as information about treatment before hospitalization was 

unavailable. We also excluded hospitalizations with a pediatric attending in order to 

concentrate on care patterns of physicians who treat adults. Although administrative codes 

specifically identify syndromes of pneumonia, COPD, and HF,29-32 we sought to further 

increase the likelihood that these conditions were present by requiring hospitalizations to be 
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at least two days in duration and demonstrate evidence of disease-specific treatment during 

the first two hospital days. Accordingly, pneumonia hospitalizations required treatment with 

antibiotics, COPD hospitalizations required treatment with corticosteroids, and HF 

hospitalizations required treatment with intravenous or oral loop diuretics, intravenous 

vasodilators, or intravenous positive inotropes.

Treatments studied

For each hospitalization, we noted treatment with commonly used therapies for pneumonia, 

COPD, and HF. For pneumonia, we identified treatment with antibiotics from 

pharmacologic classes used to treat both community-acquired and hospital-acquired 

pneumonia including penicillins, cephalosporins, fluoroquinolones, macrolides, 

vancomycin, tetracyclines, aminoglycosides, and carbapenems. For COPD, we identified 

daily corticosteroid treatments within a dose range of 20mg to 80mg of oral prednisone or 

120mg to 800mg of intravenous prednisone equivalents, as has been done previously.33 For 

HF, we identified treatment with (1) intravenous loop diuretics, (2) intravenous vasodilators 

including nitroglycerin, nitroprusside, and nesiritide or (3) intravenous positive inotropes 

including dobutamine, dopamine, and milrinone. To increase the likelihood that antibiotics 

and corticosteroids were intended for respiratory illness, we used ICD-9-CM present-on-

admission diagnosis codes to exclude hospitalizations with evidence of common infections 

besides pneumonia or inflammatory, allergic, or autoimmune conditions other than COPD, 

as has been done previously.12 To increase the likelihood that intravenous diuretics were 

intended for HF, we used ICD-9-CM present-on-admission diagnosis codes to exclude 

hospitalizations with evidence of cirrhosis or ascites.12

Definitions of concurrent treatment

For the pneumonia cohort, concurrent treatment was defined as the receipt of antibiotics plus 

intravenous diuretics, intravenous vasodilators, intravenous inotropes or corticosteroids 

during the first two hospital days. For the COPD cohort, concurrent treatment was defined as 

the receipt of corticosteroids plus intravenous diuretics, intravenous vasodilators or 

intravenous inotropes during the first two hospital days. Antibiotic treatment was not used to 

define concurrent treatment in the COPD cohort, as guidelines for the inpatient management 

of COPD recommend that antibiotics be administered to most patients.2 As a result, 

treatment with antibiotics in this cohort cannot reliably identify concerns for concurrent 

infection. For the HF cohort, concurrent treatment was defined as the receipt of oral or 

intravenous diuretics, intravenous vasodilators or intravenous inotropes plus antibiotics or 

corticosteroids during the first two hospital days.

Outcomes

Our primary outcome was the proportion of hospitalizations with a principal discharge 

diagnosis of pneumonia, COPD, or HF that received concurrent treatment for two or more of 

these acute cardiopulmonary conditions during the first two hospital days.

Secondary outcomes for each disease cohort included the adjusted odds of admission to an 

intensive care unit (ICU), late intubation (intubation two or more days after admission), and 
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in-hospital death among patients receiving concurrent treatment for two or more acute 

cardiopulmonary conditions.

Statistical analyses

For our primary analysis, we calculated summary statistics for categorical variables using 

frequencies and percentages. We used chi-square tests for comparisons of treatment groups. 

For these analyses, we included all hospitalizations meeting inclusion criteria rather than one 

random hospitalization per patient since our intent was to study prevailing treatment patterns 

during hospitalization for common cardiopulmonary conditions. In addition, our data does 

not include all repeat hospitalizations, only those to the discharging hospital. We therefore 

could not identify repeat hospitalizations to all other hospitals inside and outside of the 

Premier network. For our secondary analysis, we used hierarchical logistic regression to 

calculate adjusted odds ratios and corresponding 95% confidence intervals (CI) for the 

outcomes of ICU admission, late intubation, and in-hospital mortality. In all models, the 

referent group consisted of patients who received treatment for only the singular acute 

cardiopulmonary condition corresponding to the principal discharge diagnosis. As above, we 

used all hospitalizations when calculating the adjusted odds of ICU admission and late 

intubation. However, we used one random hospitalization per patient when calculating the 

adjusted odds of in-hospital mortality to ensure that death could only occur once per patient. 

We adjusted for patient age, patient sex, and Elixhauser comorbidities34 in all models. 

Elixhauser comorbidities are identified using secondary discharge diagnosis codes for 

conditions that were present prior to admission, unrelated to the primary reason for 

hospitalization, and not a complication of hospital care. These comorbidities were identified 

with software provided by the Healthcare Cost and Utilization Project of the Agency for 

Healthcare Research and Quality (versions 3.4-3.6 for federal fiscal years 2009-2011, 

respectively).34 All statistical tests were 2-sided, and significance was indicated by p-values 

less than 0.05. Analyses were conducted with SAS 9.2 (SAS Institute Inc., Cary, NC).

The Yale University Human Investigation Committee reviewed the study protocol and 

determined that it was not considered Human Subjects Research as defined by the Office of 

Human Research Protections.

RESULTS

Our final study cohorts were comprised of 91,709 hospitalizations for pneumonia, 41,052 

hospitalizations for COPD, and 118,061 hospitalizations for HF from 368 hospitals. These 

cohorts were comprised of 83,964, 33,864, and 92,910 unique patients, respectively.

Patient characteristics are presented in Table 1. The majority of patients were 75 years of age 

and older and were women. Comorbidities were common. Fluid and electrolyte disorders 

were most frequent in the pneumonia cohort (39%), depression was most common in the 

COPD cohort (15%), and both diabetes and renal failure were most common in the HF 

cohort (44% in both cases). Comorbidities were generally more common among 

hospitalizations of patients receiving treatment for two or more acute cardiopulmonary 

conditions in the COPD cohort, with particular differences noted for the prevalence of 

diabetes and renal failure (Table 2). Differences in the prevalence of comorbidities by 
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treatment strategy were less frequent and pronounced in the pneumonia and HF cohorts 

(Table 2).

Hospitalizations in all three cohorts frequently had secondary discharge diagnosis codes 

identifying other cardiopulmonary conditions that were potentially present as acute illnesses 

during hospitalization. Among diagnosed pneumonia hospitalizations, 46% and 31% had 

secondary diagnosis codes for COPD and HF, respectively. Among diagnosed COPD 

hospitalizations, 19% and 29% had secondary diagnosis codes for pneumonia and HF. 

Among diagnosed HF hospitalizations, 14% and 35% had secondary diagnosis codes for 

pneumonia and COPD.

Concurrent treatment for two or more acute cardiopulmonary conditions was common 

across cohorts (Table 3). Among diagnosed pneumonia hospitalizations, 32% received 

concurrent treatment (18% received treatment for HF, 18% received treatment for COPD, 

and 4% received treatment for both HF and COPD). Among diagnosed COPD 

hospitalizations, 19% received concurrent treatment (all of which involved additional HF 

treatment). Among diagnosed HF hospitalizations, 38% received concurrent treatment (34% 

received treatment for pneumonia, 9% received treatment for COPD, and 5% received 

treatment for both pneumonia and COPD). The overlap of treatment groups in each study 

cohort is shown in Figure 1.

Concurrent treatment was also present among diagnosed pneumonia, COPD, and HF 

hospitalizations without a secondary diagnosis code for the other two cardiopulmonary 

conditions. Among pneumonia hospitalizations without secondary diagnosis codes for 

COPD or HF, 17% received concurrent treatment for two or more acute cardiopulmonary 

conditions. Among COPD hospitalizations without secondary diagnosis codes for 

pneumonia or HF, 9% received concurrent treatment. Among HF hospitalizations without 

secondary diagnosis codes for pneumonia or COPD, 24% received concurrent treatment.

Concurrent treatment was higher among hospitalizations in which the principal admission 

diagnosis differed from the principal discharge diagnosis compared with hospitalizations in 

which the principal admission and discharge diagnoses were the same. Among 71,253 

hospitalizations with both a documented principal admission diagnosis and a principal 

discharge diagnosis of pneumonia, the rate of concurrent treatment was 29.2% if the 

principal admission diagnosis was pneumonia and 35.4% if the principal admission 

diagnosis was not pneumonia. Among 31,866 hospitalizations with both a documented 

principal admission diagnosis and a principal discharge diagnosis of COPD, the rate of 

concurrent treatment was 15.7% if the principal admission diagnosis was COPD and 21.7% 

if the principal admission diagnosis was not COPD. Among 90,225 hospitalizations with 

both a documented principal admission diagnosis and a principal discharge diagnosis of HF, 

the rate of concurrent treatment was 32.7% if the principal admission diagnosis was HF and 

42.9% if the principal admission diagnosis was not HF.

Patients concurrently treated for two or more acute cardiopulmonary conditions were 

substantially more likely to experience adverse outcomes. Among hospitalizations for 

diagnosed pneumonia, observed rates of ICU admission, late intubation, and in-hospital 
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death were respectively 19%, 6%, and 7% among patients receiving concurrent treatment 

and 9%, 3%, and 3% among patients treated just for pneumonia. Among hospitalizations for 

diagnosed COPD, observed rates of ICU admission, late intubation, and in-hospital death 

were respectively 15%, 6%, and 4% among patients receiving concurrent treatment and 7%, 

3%, and 2% among patients treated just for COPD. Among hospitalizations for diagnosed 

HF, observed rates of ICU admission, late intubation, and in-hospital death were respectively 

20%, 4%, and 4% among patients receiving concurrent treatment and 13%, 2%, and 3% 

among patients treated just for HF (p<0.001 for all).

The adjusted odds of adverse outcomes were between 60% and 138% higher among patients 

receiving concurrent treatment in pneumonia, COPD, and HF cohorts (Table 4). For 

example, among patients hospitalized for diagnosed pneumonia, concurrent treatment was 

associated with a 133% (odds ratio [OR] = 2.33, 95% confidence interval [CI] = 2.23-2.43) 

greater odds of ICU admission, 124% (OR = 2.24, 95% CI = 2.09-2.39) greater odds of late 

intubation, and 138% (OR = 2.38, 95% CI = 2.22-2.54) greater odds of in-hospital death.

DISCUSSION

Through study of a database containing approximately one-fifth of all acute care 

hospitalizations in the United States, we found that older patients hospitalized with the 

principal diagnoses of pneumonia, COPD, or HF regularly receive concurrent treatment for 

two or more of these acute cardiopulmonary conditions. This high frequency of treatment for 

multiple acute illnesses in the typical care of hospitalized older adults reveals shortcomings 

with our prevailing use of disease definitions and treatment pathways that consider clinical 

presentation, diagnosis, and treatment from the perspective of a single distinct condition.35 

Our findings also suggest that many older adults hospitalized with the most common clinical 

syndromes have disease presentations that fall between traditional diagnostic categories. 

These people have rarely been studied in clinical trials, which overwhelmingly test 

interventions among patients with narrow and well-defined phenotypes. A new research 

agenda is therefore needed that evaluates the risks and benefits of real-world treatment 

strategies for the many patients whose presentations elicit diagnostic uncertainty or concern 

for coexisting acute conditions, the treatment of which may produce conflicting results.

Despite the frequency of concurrent treatment of two or more acute conditions and the 

complex clinical syndromes motivating these strategies, neither have been major foci of 

investigation. With over 550,000 yearly hospitalizations for pneumonia, 450,000 yearly 

hospitalizations for COPD, and 650,000 yearly hospitalizations for HF among older persons 

in the US alone,36 we estimate that over half a million elderly Americans receive treatment 

for multiple acute cardiopulmonary conditions during hospitalization. Yet data from large 

disease-specific registries37 and other observational studies38-41 have not demonstrated these 

typical practice patterns across conditions, as they have focused on reporting treatments for 

singular diseases. Analogously, major clinical trials of hospitalized patients have described 

only a limited breadth of the broad range of treatments likely received by enrolled 

subjects.7-10 Studies have overwhelmingly focused on patients with conditions that are 

distinct and singular rather than fuzzy and multiple.
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As a result, little high quality data exist to guide everyday treatment decisions for patients 

who do not have one distinct illness. For example, little is known about the potential benefits 

and harms of concurrent treatment in cases of diagnostic uncertainty. Yet this is a common 

scenario when caring for complex elderly patients. Similarly, little is known about the 

comparative effectiveness of complex therapeutic strategies involving multiple medications. 

Only recently has the treatment of acute illness in the setting of chronic disease become a 

research priority.42 At a more basic level, the medical literature is largely silent on patients 

presenting with non-traditional clinical syndromes. Who are these patients, and how large is 

this group? What complex phenotypes are most common and consequential for outcomes? 

Can we reliably diagnose these patients? What are the consequences for reimbursement and 

quality measurement of labeling them with one principal discharge diagnosis? And what is 

even meant by “acute” illness when complex syndromes resulting in hospitalization often 

arise from the exacerbation of background diseases? These understandings are particularly 

important for elderly persons who frequently have multiple chronic conditions,11,24 geriatric 

syndromes,43 and non-specific findings at presentation.44

The motivations for broad approaches to treatment are likely diverse. It may be that 

hospitalized older patients often have multiple, distinct, acute conditions. In support of this 

hypothesis, we found that older patients hospitalized with pneumonia, COPD, or HF often 

had secondary diagnosis codes for the other cardiopulmonary conditions, some of which 

may be present as concurrent acute illnesses. Previous literature on patients hospitalized 

with myocardial infarction has shown that up to 20 percent have co-existing non-cardiac 

conditions such as pneumonia, gastrointestinal bleeding, and sepsis at admission.17,45 

Research has also shown that pneumonia can trigger decompensated HF, arrhythmia, and 

acute coronary syndromes.18,19,46 It is also possible that concurrent treatment results from 

diagnostic uncertainty. In support of this perspective, we found that rates of concurrent 

treatment were higher when the principal admission diagnosis differed from the principal 

discharge diagnosis. It would not be surprising if diagnostic uncertainty is common in real 

world practice, as shortness of breath is common to many cardiac and pulmonary conditions, 

and no pathognomonic findings or diagnostic tests consistently differentiate them from one 

another.20,47

The markedly higher rate of adverse outcomes among patients treated for two or more acute 

cardiopulmonary syndromes likely relates to multiple factors including poorer chronic 

health, higher illness acuity, concurrent illnesses, or adverse effects from the treatments 

themselves. In support of these hypotheses, we found patients receiving concurrent treatment 

to be more complex with more chronic conditions than patients receiving treatment only for 

their principal diagnosis. Similarly, we found that concurrently treated patients often have 

secondary discharge diagnoses for other cardiopulmonary conditions, suggesting that 

concurrent acute illnesses were present at times. There is also theoretical concern about 

adverse drug effects, as all studied drug classes including loop diuretics,48 antibiotics,49 and 

corticosteroids50 can cause direct harms to older persons and may work at cross-purposes. 

For example, loop diuretics and corticosteroids may have opposing effects on sodium 

excretion.
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The many outstanding questions suggest that researchers and funders develop a dedicated 

research agenda to better understand and treat older patients without a single distinct 

condition on admission to the hospital. Initial work should prospectively examine older 

patients hospitalized with common symptoms such as shortness of breath or delirium to 

better understand how often their histories, physical examination findings, and initial testing 

results suggest uncertainty in diagnosis or multiple concomitant illnesses. Follow-up studies 

should examine how clinicians process this data to assign diagnoses and make treatment 

decisions, especially in settings of diagnostic uncertainty. Ultimately, comparative 

effectiveness studies using large databases of electronic health records can be used to 

examine the benefits and harms of different treatment combinations. These studies may 

require natural language processing and advanced statistical methods to identify patients 

without stereotypical presentations and create comparable populations to examine 

differences in outcomes by treatment.

Findings should be interpreted in the context of the following limitations. We could not 

ascertain reasons for concurrent treatment, the assessment of which will require more 

detailed clinical information including further descriptions of chronic health status and 

illness acuity at hospital presentation. In addition, we could not determine if the use of 

multiple treatments directly contributed to adverse patient outcomes or was simply 

associated with administration to sicker patients. Finally, we may have misclassified some 

patients due to our use of administrative data to identify patients with pneumonia, COPD, 

and HF. However, as we found that treatments are multiple and extend across disease-

specific boundaries regardless of diagnosis, our conclusions would not change if patients 

moved among study cohorts.

We found that older patients hospitalized with the principal diagnoses of pneumonia, COPD, 

or HF are regularly treated for two or more of these acute cardiopulmonary conditions. 

These findings indicate that disease presentation and treatment are often more expansive 

than specialists, textbooks, and disease-focused research have acknowledged. Researchers 

and funders must help close this gap between typical clinical practice and traditional 

teaching through studies and eventual practice guidelines that better account for the 

complexities of disease presentation in older adults, including the presence of concurrent 

acute illnesses, as well as the potential benefits and harms of different treatment strategies in 

settings of diagnostic uncertainty. With the ultimate goal of precision medicine, the resulting 

knowledge will help tailor complex treatment regimens to the large and poorly studied group 

of hospitalized older patients with indistinct clinical syndromes and multiple acute 

conditions.
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Figure 1. Concurrent Treatments for Two or More Acute Cardiopulmonary Conditions Received 
by Pneumonia, Chronic Obstructive Pulmonary Disease, and Heart Failure Cohorts
Data is shown for pneumonia, chronic obstructive pulmonary disease (COPD), and heart 

failure cohorts in panels A, B, and C, respectively. Concurrent treatment for pneumonia 

cannot be determined during hospitalization for COPD, as antibiotic treatment is part of 

guideline-recommended therapy for COPD. Figure is drawn to scale. COPD: chronic 

obstructive pulmonary disease; IV: intravenous.
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