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Abstract

Background: Among patients admitted for pneumonia, heart failure (HF) is associated with 

worse outcomes. It is unclear whether this association is due to acute HF exacerbations, complex 

medical management, or chronic co-morbid conditions.

Methods: This is a retrospective cohort study of patients admitted between July 2010 and June 

2015 at 651 US hospitals with a principal diagnosis of either pneumonia or secondary diagnosis of 

pneumonia with a primary diagnosis of respiratory failure or sepsis. Comorbidities were identified 

by ICD-9 codes and medical management by daily charge codes. Patients were categorized 

according to the presence and acuity of admission diagnosis of HF. In-hospital mortality was the 

primary outcome. Secondary outcomes included length of stay, hospital cost, ICU admission, use 

of mechanical ventilation, vasopressors and inotropes. Logistic regression was used to study the 

association of outcomes with presence and acuity of HF.

Results: Of 783,702 patients who met inclusion criteria, 212,203 (27%) had a diagnosis of 

HF. Of these, 56,306 (26.5%) had acute while 48,188 (22.7%) had chronic HF on admission; 

51% had a diagnosis of unspecified HF. In multivariable-adjusted models, having any HF was 

associated with increased mortality (OR 1.35 [1.33 – 1.38]) compared to those without HF; 
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increased mortality was associated with acute HF (OR 1.19 [1.15 – 1.22]) but not chronic HF (OR 

0.92 [0.89 – 0.96]).

Conclusion: The worse outcomes for pneumonia patients with HF appear due to acute 

HF exacerbations. Adjustment for HF without accounting for chronicity could lead to biased 

prognostic and billing estimates.

Introduction

Pneumonia is the leading cause of hospital admission and infectious disease-related death 

in the United States.1 About 1 million adults in the US are hospitalized due to pneumonia 

every year, and 50,000 of them die.2,3 Moreover, pneumonia is responsible for a great loss 

of disability-adjusted life years and is a major economic burden,1 with total annual costs of 

approximately $8.5 billion dollars.4, 5

With an increase in the proportion of people aged 65 years or older in the US, the prevalence 

of chronic conditions such as heart failure (HF) is expected to increase. Thus, understanding 

the impact of HF on patient care is increasingly important. Among patients hospitalized 

for pneumonia, more than one in three has HF.6, 7 Both conditions are intertwined and 

exacerbate each other; HF is a major predisposing factor for pneumonia,8 and one of the 

most common cause of acute HF exacerbation is acute respiratory illness.9 Those with 

pneumonia and HF concurrently have a higher mortality than those without HF.10, 11 

Furthermore, pneumonia-associated healthcare costs are the highest among patients with 

heart failure.5

Exactly how HF worsens outcomes in pneumonia is not known. It is possible that acute 

exacerbations of HF compromise respiratory functioning, leading to respiratory failure and 

death. It is also possible that HF is simply a marker of comorbid disease, as patients 

with HF tend to be older and have multiple comorbidities. Lastly, underlying cardiac 

dysfunction may contribute to hypoperfusion and organ failure or predispose patients to 

fatal arrhythmias. Careful adjustment for comorbid conditions, as well as an appreciation 

for the difference between acute and chronic HF could help to differentiate among these 

possibilities. However, studies investigating the impact of comorbidities on pneumonia 

outcomes have considered HF as a single condition and may have been limited in their 

ability to adjust for co-morbid conditions.

Because HF is known to be associated with mortality, pneumonia pay-for-performance 

models often adjust for HF as a comorbid condition.12, 13 However, these models do 

not differentiate between acute and chronic HF and thus can over- or underestimate the 

importance of this factor if chronicity has an impact on outcomes. Understanding the 

contribution of acute versus chronic HF could allow for more accurate adjustment in these 

models.

Using a database of patients from 651 US hospitals, we describe the prevalence, 

characteristics, treatment, cost, and in-hospital outcomes of patients admitted for pneumonia 

with or without HF and compare the difference in outcomes between those who have acute 
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HF versus and chronic HF to understand the independent contribution of each to outcomes 

of pneumonia.

Methods

Design, setting, and subjects

We conducted a retrospective cohort study of patients admitted with pneumonia between 

July 1, 2010, and June 30, 2015, to a geographically and structurally diverse group of 

651 US hospitals that contributed data to the Premier Database, a voluntary all-payer 

inpatient database. Along with the standard hospital discharge abstract (i.e.UB-04), the 

database contains logs of items and services charged including: medications, laboratory and 

radiologic tests, and services such as respiratory and physical therapy. Physician charges 

are not included. Three-fourth of hospitals report actual hospital costs derived from internal 

cost-accounting systems. The remainder estimate cost using Medicare cost-to-charge ratios. 

Data collected electronically from participating sites is audited regularly to ensure validity. 

The database encompasses approximately 25% of all annual US hospital admissions14 and 

has been used extensively in clinical epidemiologic and outcomes research.6, 15, 16

We identified all adult (age ≥ 18) patients admitted with pneumonia. Cases were identified 

by an ICD-9-CM principal diagnosis code of pneumonia (481–488 or 507.0) present on 

admission or a secondary diagnosis code of pneumonia present on admission paired with 

a principal diagnosis of respiratory failure (518.81 and 518.84), acute respiratory distress 

syndrome (769), respiratory arrest (799.1), sepsis (995.91, 995.92) or influenza (487, 488). 

Each patient also had a chest radiograph and received antimicrobials for at least the first 

3 hospital days or until death or discharge. We excluded patients transferred from or to 

other acute care facilities as neither their treatment nor outcomes could be assessed. Other 

exclusion criteria included a length of stay <2 days, cystic fibrosis, ventilator-associated 

pneumonia, and a Medicare Severity Diagnosis-Related Group inconsistent with pneumonia. 

Details of inclusion and exclusion criteria appear in Fig. 1. Because the Premier database 

does not contain identifiable patient information, the Institutional Review Board at the 

Cleveland Clinic determined that this study did not constitute human subjects research.

Data extraction for HF

We defined HF as a secondary diagnosis and based on the following ICD −9 codes: 428.xx 

and 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.9; and categorized it as 

acute (ICD-9 code: 428.21, 428.23, 428.31, 428.33, 428.41, 428.43) or chronic (ICD-9 

code: 428.22, 428.32, 428.42) HF (Table 1). In order to avoid uncertainties in ICD-9 codes 

given to patients with acute or chronic HF and established a specified chronicity to the 

study groups, we excluded subjects with a diagnosis code of congestive HF (not otherwise 

specified) or unspecified HF from the analysis comparing acute and chronic HF. This was 

done after comparing the baseline characteristics and management of patients with those 

excluded subjects to subjects with a diagnosis code of chronic HF, which did not show any 

major differences (supplementary table 1). We also excluded patients whose first episode 

of HF developed in the hospital as we have a not-present-admission indicator for all HF 

diagnoses.
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Patient and hospital information

Patients’ age, sex, race, primary insurance coverage, marital status, and admitting 

physician’s specialty were recorded. In addition, we considered 30 unique co-morbidities 

that were present on admission. Some co-morbidities were identified directly using ICD-9 

codes, while other comorbidities were assigned using the Elixhauser Comorbidity Software, 

which has been used to predict in-hospital cost and mortality.11, 17 Hospital characteristics 

included number of beds, teaching status, geographic region and urban/rural location.

Study outcomes

We assessed inpatient mortality as the primary outcome. The secondary outcomes include 

length of stay, median cost, need for intensive care unit (ICU), acute kidney injury 

(AKI), use of invasive mechanical ventilation (IMV), vasopressors or inotropes at any time 

during hospitalization. Cost was inflation-adjusted to 2015 dollars using the medical care 

component of consumer price index.

Statistical analyses

We used summary statistics to compare patients with and without heart failure and between 

patients with acute versus chronic heart failure. Frequencies and proportions were used 

for categorical data and medians and interquartile ranges for continuous variables, and 

comparisons of proportions were made using Pearson’s chi-square. We did not apply 

weighted propensity matching weights to the data. Mixed logistic regression analyses were 

used to examine the association between the presence and type of HF with the primary 

and secondary outcomes (AKI, IMV and need for vasopressor, or inotropes) as well as 

the association of acute versus chronic HF with the study outcomes. Log-linked gamma 

general linear mixed models were used for length of stay and cost. All models were adjusted 

for baseline demographic, co-morbidities, insurance status, Elixhauser comorbidities, and 

hospital characteristics. We did not report p-values when comparing crude differences 

between the study groups given their limited utility with the large sample size of the 

analyses. All analyses were performed using the Statistical Analysis System, version 9.4 

(SAS Institute Inc).

Results

Patient characteristics

Baseline demographic, hospital and medical characteristics of the study patients are 

summarized in Table 2. Of 783,702 patients who met our inclusion criteria, 212,203(27.1%) 

had a secondary diagnosis of HF. Among patients who had HF, 56,133 (26.5%) had acute 

HF, 48,160 (22.7%) had chronic HF, and 51% had unspecified HF. The median age of the 

included patients was 72 [interquartile range (IQR): 59 – 83], and the majority were white 

(74.5%) and females (51.5%).

Compared to patients without HF, those with HF were older (78 [IQR: 56 – 81] vs 70 [IQR: 

68 – 86] years) and sicker, with a higher median comorbidity score (5 [IQR: 1 – 4] vs. 2 

[IQR: 4 – 7] p<0.001). Specifically, they were more likely to be diagnosed with chronic 

conditions including hypertension (76.2 vs 59.7%), valvular disease (20.6 vs 5.7%), diabetes 
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(18.8 vs 12.0%), obesity (17.4 vs. 11.4%), obstructive sleep apnea (12.6 vs. 6.7%), chronic 

pulmonary disease (52.5 vs 42.3%), chronic kidney disease (20.8 vs. 9.4%), atrial fibrillation 

(40.2 vs 14.7%), coronary artery disease (18.1 vs 5.4%), peripheral vascular disease (13.4 vs 

6.6%) and anemia (37 vs 26.3%) (p < 0.001 for all comparisons).

Patients with acute and chronic HF generally had similar demographics with similar median 

age (79 [IQR: 68 – 86] vs 78 [68 – 86]), percent female (52.3 vs 50.4%) and race (77.6 vs 

77.0% of white race) as well as prevalence of chronic comorbidities. Yet, patients with acute 

HF had a higher prevalence of vascular diseases (26.8 vs 19.8%) including mitral (9.9 vs 

6.5%), acute coronary syndrome (10.2 vs. 4.2%), and pulmonary circulation disease (20.6 vs 

16.5%) compared to those with chronic HF (p < 0.001 for all comparisons).

Medical management

Table 3 shows the medical management with commonly used HF medications among 

the patients admitted with pneumonia. Patients with HF were more likely to receive anti-

hypertensive medications including beta blockers (67.1 vs 37.1%), angiotensin converting 

enzyme inhibitors (ACEi)/angiotensin receptor blockers (ARB) (38.8 vs 26.6%), thiazide 

(4.0 vs 0.92%) and loop diuretics (76.6 vs 29.4%), mineralocorticoid receptor antagonists 

(7.6 vs 1.9%), anti-arrhythmic medications (13.8 vs 5.9%), and blood thinners during 

admission compared to patients without HF (p<0.001 for all comparisons). Additionally, 

patients with HF were less likely to receive isotonic fluids. Patients with acute and chronic 

HF had similar use of antihypertensive medications and intravenous fluid therapy (63.1 vs 

55.7%; p < 0.001); however, there was no difference in receipt of intravenous fluids among 

patients with acute and chronic HF. P with acute HF received more ACEi/ARB (44.3 vs 

39.0), beta blockers (76.2 vs 67.9%), digoxin (20.8 vs 16.3%), hydralazine (16.8 vs 13.2%), 

thiazide (92.8 vs 69.4%) and loop diuretics (6.3 vs 3.1%) compared to those with chronic 

HF (p<0.001 for all comparisons).

Patient outcomes

Compared to patients without HF, those with HF had higher inpatient mortality (13.2 vs. 

8.1%), longer length of stay (6 vs. 5 days), higher hospital costs (11,709 vs. $8,175) and 

higher rates of AKI (34.1 vs 21%), ICU stays (41.3 vs 27.7%), vasopressor use (18.2 vs 

12%), inotrope or vasodilator use (7.1 vs. 2.1%) and mechanical ventilation (21.4 vs. 12.9%) 

(p<0.001 for all comparisons) (Table 4). These findings persisted after adjusting for patient 

demographics, comorbidities, and hospital characteristics (Fig. 2/Supplementary table 3).

In multivariable-adjusted logistic regression, only patients with acute HF had increased in-

hospital mortality compared to patients with no HF (OR 1.19, 95% CI: 1.15–1.22; p<0.001). 

On the contrary, chronic HF was associated with lower hospital mortality than no HF (OR 

0.92, 95% CI: 0.89–0.96; p <0.001). All other study outcomes, except vasopressor use, 

were significantly increased with both acute HF and chronic HF compared to no HF, and 

acute HF had higher odds of having AKI, requiring ICU stay with use of IMV, vasopressors 

and inotropes/vasodilators, having longer length of stay and higher hospital cost (Fig. 2/

Supplementary table 3).
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Discussion

In this observational study of more than three-quarters of a million diverse patients 

admitted with pneumonia to 651 US hospitals, we found that 27% of patients had a 

concomitant diagnosis of HF, but of those with specified chronicity, 54% represented an 

acute exacerbation. Expectedly, patients with HF were older and had substantially more 

comorbidities than those without HF. HF patients were also treated differently. They 

received more cardiac medications, including diuretics, and less intravenous fluids compared 

to patients without HF. Finally, patients with HF had outcomes that were substantially worse 

than those of patients without HF, including higher mortality, more treatment in ICU, longer 

lengths of stay and higher costs. These outcomes were not simply due to co-morbid illness, 

because they persisted after adjustment for demographics and co-morbidities. However, the 

mortality difference was limited to patients with acute exacerbations of their HF, which 

likely represents a direct influence of HF on mortality.

Several prior studies have examined the impact of HF on pneumonia outcomes, but most 

were not contemporary or reflective of current management of HF.10,18,19,20–22 Reported 

odds of mortality for HF in prior studies was approximately 2.4 (95% CI: 2.1 – 2.6).18 There 

are no contemporary reports on the effect of HF on pneumonia outcomes in hospitalized 

patients to the best of our knowledge. Also, most studies considered the prognostic impact 

of HF as part of a broader investigation of risk factors of pneumonia mortality rather than 

specifically studying patients with concomitant HF and pneumonia. Our finding that patients 

with HF had a 35% increased adjusted odds for mortality is lower than what has been 

previously reported.10, 23, 24 Further, our analyses add to these studies in two ways. First, 

we examined a number of additional outcomes, including AKI, ICU admission, mechanical 

ventilation, use of vasopressors or inotropes, length of stay, and costs, which have not been 

previously reported. Specifically, close to 50% of patients with acute HF required ICU 

admission during their hospitalization, and more than a quarter of them were mechanically 

ventilated. We found that HF was associated with important increases in all of these, 

including an additional hospital day and an extra $1800 in adjusted costs per admission. As 

HF becomes more common, the complexity of pneumonia care and its cost can be expected 

to rise.

Our study further elucidates this relationship by examining differences in outcomes 

according to HF acuity. While all of our secondary outcomes were consistently worse in 

patients with HF, only acute HF was associated with in-hospital mortality. This finding can 

easily be explained. Cardiogenic pulmonary edema and respiratory distress are common 

manifestations of acute HF. Increased pulmonary vasculature pressures cause fluid to leak 

into the alveoli,25 impairing normal gas exchange and exacerbating concurrent pulmonary 

conditions including pneumonia. Conversely, pneumonia may induce or worsen cardiogenic 

pulmonary edema in the setting of HF as cardiac output fails to meet the needs during 

severe infection.26 Given the increased morbidity and mortality associated with acute HF, it 

is therefore crucial to identify those at risk of acute HF exacerbation and to avoid excessive 

fluid or other inciting factors. We found that more than 40% of patients with chronic HF 

received IV fluids, while only 30% received a loop diuretic. Although our data do not allow 
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for comparisons of treatment effectiveness, such findings are interesting and warrant further 

investigation.

Interestingly, chronic HF alone was associated with lower mortality than not having HF. 

This was an unexpected finding, especially because the risk of other serious complications 

and escalation of care was increased. One possible explanation is that patients with chronic 

HF and pneumonia were more likely to require ICU level of care compared to less severe 

cases of pneumonia without HF, and with closer monitoring and management of both 

conditions (with antibiotics and aggressive diuresis), patients may have a better chance 

at survival. Moreover, some non-HF patients might actually have undiagnosed HF which 

goes untreated during their hospital stay, leading to worse outcomes. Alternatively, higher 

mortality patients with chronic HF may have been more likely coded as unspecified HF, and 

as such the remaining chronic HF patients would then appear to have lower mortality.

Moreover, there was no difference in the use of vasopressors between patients without HF 

and those with chronic HF, so it seems likely that higher ICU admission was for reasons 

other than septic shock, one of the major drivers of mortality of pneumonia. A related 

alternative is that physicians send patients with HF to the ICU for closer observation and 

hemodynamic assessment, even if they are not yet in respiratory failure.

Given that the incidence of HF and HF-related hospitalizations is expected to increase as 

the population ages,27 it is crucial to better our understanding on the impact of HF on 

patient care. Given its profound impact on healthcare cost and outcomes, pneumonia has 

been the target of quality improvement initiatives for more than 2 decades.28, 29 Pneumonia 

mortality models are used to determine quality and payment at the hospital level, and these 

models all include HF diagnosis. Beginning in October 2012, the Centers for Medicare and 

Medicaid Services (CMS) adopted Pay-for-Performance (P4P) for the Medicare program 

nationwide, and most privately insured patients have been covered by health plans using 

P4P since 2006.30 These programs reward or penalize hospitals based on their performance 

on multiple domains of care, including patient experience, cost efficiency and outcomes, 

including 30-day mortality for pneumonia.31

In order to assure a level playing field, hospitals’ performance is adjusted to reflect their 

case mix, including HF. In the pneumonia mortality model developed by CMS, having a 

diagnosis code of congestive HF (condition code - CC 85) is assigned an OR for 30-day 

mortality ranging between 1.13 to 1.15 depending on the year studied (2017 to 2019).12 

However, the models used by CMS and others adjust for HF generally but do not distinguish 

between acute and chronic HF.12, 13 Based on our results, this practice may overestimate 

the mortality risk in patients with chronic HF while underestimating risk in those with 

acute exacerbations. Given the relatively tight distribution around pneumonia mortality rates, 

these differences could be important, and general hospital policies encourage specifying 

chronicity of HF when coding the diagnosis of HF. Moreover, it is important to further 

describe patients labeled with a diagnosis code of unspecified HF or congestive HF, as 

it is important to recognize the acuity of HF presentation both for prognostic and billing 

purposes. Future research related to development of pneumonia mortality models for quality 

improvement and performance monitoring should account for type and chronicity of HF
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This study has several strengths. To our knowledge, this is the largest study examining 

detailed clinical characteristics and outcomes of HF patients admitted for pneumonia. The 

inclusion of almost 800,000 patients at more than 600 hospitals supports the generalizability 

and reliability of the findings and increases the external validity. It also allowed us to adjust 

for many comorbid conditions and investigate a multitude of outcomes that characterize the 

severity of patients’ hospital course (AKI, ICU stay with use of inotropes, vasopressors, 

mechanical ventilation). This is also the first study to differentiate acute versus chronic HF 

and assess their differential impact on outcomes among patients admitted to the hospital 

with pneumonia. Our findings should be considered in light of several limitations. First, this 

was a retrospective study based on billing data. Relying on ICD-9 CM codes for outcome 

definition and excluding unspecified HF could undermine the validity of our findings. We 

used ICD-9 CM codes to identify cases of HF and other comorbidities, so our results are 

susceptible to ascertainment bias due to inaccurate coding, particularly because we had to 

exclude a substantial number of subjects whose diagnosis codes did not clearly specify 

chronicity of HF. Thus, our estimate of acute versus chronic HF could change if these 

proportions are not the same among patients with unspecified chronicity. Yet, we decided 

to include patients with a clear and more reliable diagnosis of acute or chronic HF and 

not risk further ascertainment bias by including those with congestive or unspecified HF. 

There is also the possibility of having residual (unmeasured) confounders that we could 

not capture in our database. We were also unable to assess the severity of HF in terms 

of grade of systolic or diastolic dysfunction, echocardiographic parameters of HF such as 

ejection fraction, and New York Heart Association Functional Classification. However, the 

use of ICD-9 codes to conduct clinical studies has been validated in multiple studies of heart 

failure.32 Additionally, our data are from 2011–2015, and may not reflect contemporary HF 

management.

In conclusion, patients with HF admitted for pneumonia are significantly sicker and have 

a worse prognosis and higher cost that those without HF. This is especially true among 

those with acute HF and this subgroup appears responsible for the worse outcomes observed, 

including increased mortality. In light of the above findings, it is important to specify acuity 

of HF when accounting for this disease in pneumonia risk models. Further studies are 

needed to understand the paradoxical finding of lower adjusted mortality among patients 

with chronic HF only.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

ACEi Angiotensin converting enzyme inhibitor
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ARB angiotensin receptor blocker

AKI acute kidney injury

ICU intensive care unit

IMV invasive mechanical ventilation

HF heart failure

POA present on admission.
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Clinical significance

• Heart failure (HF) is common in patients with pneumonia associated with 

worse outcomes.

• Pneumonia mortality models by CMS adjust for HF without differentiating its 

chronicity.

• This is the largest study to study how HF and its subtypes affect cost and 

outcomes.

• We show that patients with acute but not chronic HF diagnosis had higher 

mortality.

• It is important to specify acuity of HF in multivariable-adjusted pneumonia 

risk models.
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Fig. 1. 
Patient flowchart
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Fig. 2. 
Forest plot for multivariable adjusted logistic regression for the study’s outcome according 

to different types of HF

Odds ratios and confidence intervals for all comparisons are calculated using a multivariable 

mixed logistic regression model, adjusted for baseline demographic (age, sex, race) 

and clinical (all co-morbidities) characteristics as well as insurance status, Elixhauser 

comorbidities, and hospital characteristics. Log-linked gamma general linear mixed models 

were used for length of stay and cost.

P for all comparisons were < 0.001 (except for chronic HF vs no HF and use of inotropes/

vasodilators, p > 0.05)

ICU, intensive care unit

IMV, invasive mechanical ventilation

POA, present on admission
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