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Influenza is a major public health challenge. Patients hospitalized with influenza who also
have heart failure (HF) may be at risk for worse outcomes compared with patients without
HF. There is a lack of large studies examining this issue. We queried the 2013 to 2014
National Inpatient Sample for all adult patients (aged ≥ 18 years) admitted with influenza
with and without concomitant HF. Using propensity score matching, patients were
matched across demographics, discharge weights, and comorbidities. Outcomes included
in-hospital mortality, complications, length of stay, and average hospital costs. Of 218,540
influenza hospitalizations, 45,460 (20.8%) had concomitant HF. Patients with HF had
higher in-hospital mortality (6.1% vs 3.8%, adjusted odds ratio [aOR] 1.66 [95% confi-
dence interval [CI] 1.44 to 1.91]; p <0.001), acute kidney injury (29.5% vs 22.2%, aOR
1.47 [95% CI 1.37 to 1.57]; p <0.001), acute kidney injury requiring dialysis (2.0% vs
1.0%, aOR 2.08 [1.62 to 2.67], acute respiratory failure (36.2% vs 23.5%, aOR 1.85 [1.73
to 1.97]; p <0.001), and acute respiratory failure requiring mechanical ventilation (17.1%
vs 9.3%, OR 2.01 [1.84 to 2.21]; p <0.001), longer length of stay (5.70 § 0.02 days vs 4.60
§ 0.01 days, p <0.001) and higher average hospital costs ($11,609 § $52 vs $9,003 § $38,
p <0.001). In conclusion, in patients hospitalized with influenza, HF is associated with
increased risk of in-hospital mortality and complications. Our results highlight a need for
early recognition and aggressive treatment of HF in these patients to try to improve out-
comes. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;123:1478−1480)
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Influenza poses a major challenge to public health in the
United States.1 We recently showed that in patients hospi-
talized with heart failure (HF), influenza was associated
with adverse outcomes.2 There are no large studies, to our
knowledge, assessing the impact of HF on patients hospital-
ized with influenza. Therefore, we aimed to examine this
using a large inpatient administrative database.
Methods

We queried the 2013 to 2014 National Inpatient Sample
using recommended analysis methods3 to identify adult
patients aged ≥18 hospitalized with influenza, using
International Classification of Diseases, Ninth Edition,
Clinical Modification (ICD-9-CM) codes 487.0, 487.1,
487.8, and 488.XX. HF was identified using ICD-9-CM
codes 402.01, 402.11, 402.91, 404.01, 404.03, 404.11,
404.13, 404.91, 404.93, and 428. Comorbidities were iden-
tified using their respective ICD-9-CM codes. We per-
formed propensity score matching across age, race, gender,
discharge weights, insurance status, hospital characteristics,
and comorbidities. Our outcomes were in-hospital mortal-
ity, in-hospital complications, costs, and length of stay.
Uni- and multivariable regression analyses were performed
as appropriate on matched and unmatched data to assess for
the effect of HF on outcomes. Propensity score matching
was conducted using the MatchIt package in RStudio
(RStudio version 1.1), while SPSS version 25 (IBM,
Armonk, New York) was used for all other analyses. All
reported results are weighted.
Results

Of 218,540 weighted influenza hospitalizations, 45,460
(20.8%) had concomitant HF. Patients with HF were older
(73.6 § 14.1 years vs 62.4 § 19.0 years, p <0.001), and
more likely to be male (45.6% vs 43.2%, p <0.001) and
white (73.1% vs 69.9%, p <0.001). Propensity score match-
ing resulted in 44,345 patients in each cohort, with well-
balanced characteristics. In the matched population,
patients with HF had higher incidence of in-hospital mortal-
ity and in-hospital complications, along with longer length
of stay and higher average hospital costs (Table 1 and
Figure 1). The results were similar in the unmatched popu-
lation (Table 1).
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Table 1

In-hospital outcomes, with heart failure as predictor variable

Before matching After matching

Outcomes No heart failure Heart failure p Value No heart failure Heart failure p Value

In-hospital mortality

Incidence 2.8% 6.2% - 3.8% 6.1% -

Unadjusted OR (95% CI) Ref 2.29 [2.05−2.55] <0.001 Ref 1.66 [1.44−1.91] <0.001
Adjusted OR* (95% CI) Ref 1.87 [1.65−2.12] <0.001 - - -

Acute kidney injury

Incidence 15.6% 30.0% - 22.2% 29.5%

Unadjusted OR (95% CI) Ref 2.32 [2.20−2.45] <0.001 Ref 1.47 [1.37−1.57] <0.001
Adjusted OR* (95% CI) Ref 1.63 [1.53−1.74] <0.001 - -

Acute kidney injury requiring dialysis

Incidence 0.9% 2.1% - 1.0% 2.0% -

Unadjusted OR (95% CI) Ref 2.48 [2.07−2.98] <0.001 Ref 2.08 [1.62−2.67] <0.001
Adjusted OR* (95% CI) Ref 2.01 [1.61−2.51] <0.001 - - -

Acute respiratory failure

Incidence 21.3% 36.5% - 23.5% 36.2%

Unadjusted OR (95% CI) Ref 2.12 [2.01−2.23] <0.001 Ref 1.85 [1.73−1.97] <0.001
Adjusted OR* (95% CI) Ref 1.91 [1.80−2.03] <0.001 - - -

Acute respiratory failure requiring mechanical ventilation

Incidence 8.8% 17.4% - 9.3% 17.1%

Unadjusted OR (95% CI) Ref 2.19 [2.05−2.34] <0.001 Ref 2.01 [1.84−2.21] <0.001
Adjusted OR* (95% CI) Ref 2.19 [2.03−2.38] <0.001 - - -

Length of stay

Mean§ SE (days) 4.24 § 0.01 5.79 § 0.02 <0.001 4.60 § 0.01 5.70 § 0.02 <0.001
Unadjusted parameter estimate (95% CI) Ref 1.36 [1.33 − 1.39] <0.001 Ref 1.09 [1.08−0.11 <0.001
Adjusted parameter estimate* (95% CI) Ref 1.23 [1.21−1.26] <0.001 - - -

Hospital costs

Mean§ SE ($) 8,218§ 19 11,692§ 51 <0.001 9,003§ 38 11,609§ 52 <0.001
Unadjusted parameter estimate (95% CI) Ref 1.42 [1.39−1.46] <0.001 Ref 1.12 [1.11−1.13] <0.001
Adjusted parameter estimate* (95% CI) Ref 1.28 [1.26−1.32] <0.001 - - -

Key: OR = odds rartio; SE = standard error.

*Adjusted for age, race, sex, insurance status, and comorbidities.

Figure 1. Incidence of outcomes by HF status. * indicates statistical significance. ARF = acute respiratory failure; ARF-MV = acute respiratory failure requir-

ing mechanical ventilation; AKI = acute kidney injury; AKI-D = acute kidney injury requiring dialysis; HF = heart failure.
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Discussion

In this large, national, propensity score-matched analysis
of over 80,000 influenza hospitalizations, HF was associated
with worse outcomes, including mortality, in influenza
patients. Influenza can cause significant morbidity in patients
with HF.4 We recently also showed that influenza is associ-
ated with increased mortality and in-hospital complications
in HF patients.2 Patients with HF may have reduced baseline
cardiopulmonary and renal function, increasing the risk of
respiratory and renal failure due to influenza infection.

Our results highlight a need for early and aggressive
treatment of patients with influenza and HF to try to
improve outcomes in these patients. While reducing HF
admissions remains challenging, influenza admissions can
be prevented through vaccination,1 which has been shown
to be protective in HF patients.5,6 A strength of our study is
that it is a propensity score-matched analysis of over
80,000 influenza cases nationwide. However, it is reliant on
ICD-9 codes, and prone to erroneous coding. Further, our
study demonstrates only an association, and further work is
needed to identify the causative mechanisms behind
adverse outcomes of HF in patients with influenza.
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