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ABSTRACT

Background: There is little information available on AF and its association with outcomes in adult influenza
hospitalizations.

Methods: The National Inpatient Sample was queried from years 2009-2018 to create a cohort of discharges
containing an influenza diagnosis. AF was the primary exposure. Univariate and multivariate regression analysis
was used to describe the association of AF with clinical and healthcare-resource outcomes. Finally, a doubly-
robust analysis using average treatment effect on the treated (ATT) propensity score weighting was performed
to verify the results of traditional regression analysis.

Results: After adjustment, the presence of AF during influenza hospitalization was associated with higher odds of
in-hospital mortality (aOR 1.56, 95 % CI 1.49 — 1.65), acute respiratory failure (aOR 1.22, 95 % CI 1.19 - 1.25),
acute respiratory failure with mechanical ventilation (aOR 1.37, 95 % CI 1.32 — 1.41), acute kidney injury (aOR
1.09, 95 % CI 1.06 — 1.12), acute kidney injury requiring dialysis (aOR 1.61, 95 % CI 1.46 — 1.78) and
cardiogenic shock (aOR 1.90, 95 % CI 1.65 — 2.20, all p-values < 0.0001). These findings were validated in our
propensity score analysis using ATT weights. The presence of AF was also associated with higher total charges
and costs of hospitalization, as well as a significantly longer length of stay (all p-values < 0.0001).

Conclusion: AF is a cardiovascular comorbidity associated with worse clinical and healthcare resource outcomes
in influenza requiring hospitalization. Its presence should be used to identify patients with influenza at risk of
worse prognosis.

1. Introduction

disease (CAD) and myocardial infarction (MI) [11,12]. Atrial fibrillation
(AF) is the most frequently encountered cardiac arrhythmia in clinical

Cardiovascular disease is a risk factor for hospitalization in patients
with respiratory viral infection, and is a contributor to cardiovascular
complications and worsened in-hospital outcomes in this population
[1-3]. These findings were replicated in studies with patients admitted
to the hospital with SARS-CoV-2 infection during the current COVID-19
pandemic [4-6]. Before SARS-CoV-2, the strongest link between car-
diovascular disease and worsened in-hospital outcomes for respiratory
viral infections was found for influenza, an illness that affected 37.4 to
42.9 million individuals in the United States in the 2018-2019 season
[7]. Multiple studies have found that patients with heart failure (HF)
have worse outcomes if hospitalized with influenza, [8-10] and other
studies have had similar findings for patients with coronary artery

practice and is increasingly recognized as a chronic cardiovascular dis-
ease as it becomes more prevalent around the world [13,14]. AF is
similar to other chronic cardiovascular conditions in that it confers
worse in-hospital outcomes for acute conditions such as exacerbation of
chronic obstructive pulmonary disease (COPD) [15,16] sepsis [17], and
pancreatitis [18]. However, the effect of AF on in-hospital outcomes for
respiratory viral illnesses, including influenza, is not well studied.
Therefore, we conducted an observational cross-sectional study using a
nationally representative inpatient database to determine if AF confers
worse clinical and healthcare-resource outcomes to patients hospitalized
with influenza.
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2. Methods

The study examined differences in clinical and healthcare resource
outcomes for influenza hospitalizations based on AF status using
discharge data from the National Inpatient Sample (NIS), Healthcare
Cost and Utilization Project (HCUP), Agency for Healthcare Research
and Quality (AHRQ). The NIS is the largest, all-payer inpatient care
database in the United States, containing publicly available, de-
identified data on approximately 7 million inpatient discharges per
year [19]. Prior to 2012, each year of the NIS (then known as the
Nationwide Inpatient Sample) contained all discharge data from a 20 %
sample of hospitals within the frame. In 2012, the NIS was redesigned so
that each year contains a 20 % sample of discharges across all hospitals
in the sampling frame. As our dataset contains years using both NIS
designs, we used trend weights designed by AHRQ for years prior to
2012 so that all years in our dataset had equivalent discharge weights.
As the study was performed using publicly available, de-identified data,
the University of lowa Institutional Review Board exempted the study
from formal review (study ID #202108629).

To identify our cohort of influenza hospitalizations, we used Inter-
national Classification of Disease (ICD) codes (International Classifica-
tion of Disease, 9th edition, Clinical Modification [ICD-9-CM] from
January 2009 to September 2015, and International Classification of
Disease, 10th edition, Clinical Modification [ICD-10-CM] from October
2015 to December 2018) to identify records with an ICD code for
influenza, and then divided this cohort into groups based on presence or
absence of an ICD code for AF (see Supplementary Table 1 for a list of
all ICD codes used in this study). For our primary analysis, a record was
determined to have either influenza or AF if an ICD code for the
respective disease was present in any diagnosis code field. Additionally,
we performed a pre-specified sensitivity analysis using only records with
a primary ICD code for influenza, with outcomes analyzed based on the
presence or absence of a secondary ICD code for AF.

Demographic characteristics that were collected include age (cate-
gorized as 18-49, 50-64, 65-79, and 80 + years), sex, race (categorized
as White, Black, Hispanic/Latino or Other), primary payer (categorized
as Medicare, Medicaid, private pay, or Other), median income by
associated ZIP code (in quartiles), hospital type/location (rural, urban/
non-teaching and urban/teaching), tobacco use status (yes/no), and a
group of chronic conditions as defined by Elixhauser comorbidity soft-
ware (congestive heart failure, chronic pulmonary disease, diabetes
[both uncomplicated and with chronic complications], hypertension,
obesity, peripheral vascular disorders, pulmonary circulation disorders,
renal failure and valvular disease). Outcomes studied include in-hospital
mortality, acute respiratory failure (ARF, both in general and requiring
mechanical ventilation), acute kidney injury (AKI, both in general and
requiring hemodialysis), and cardiogenic shock as clinical outcomes,
and total hospitalization charges (amount billed to insurance for the
hospitalization) and costs (actual expenses incurred in providing ser-
vices during the hospitalization, minus physician fees) as well as length
of stay as healthcare resource outcomes. In-hospital mortality as well as
the total charges of hospitalization and length of stay were provided as
data elements within the NIS. ICD codes were used to define ARF, ARF
requiring mechanical ventilation, AKI, AKI requiring hemodialysis and
cardiogenic shock. Supplemental cost-to-charge ratio files were pro-
vided by AHRQ for each year of the NIS, and were merged into the
dataset to calculate the total costs of hospitalization by multiplying the
total charge by the cost-to-charge ratio.

2.1. Statistical methods

Demographic variables for the with and without AF groups were
expressed as total number and percentage for categorical variables, and
as mean =+ standard deviation for continuous variables. The Chi-square
test was used to compare categorical variables, and Student’s t-test was
used for continuous variables. Univariate analysis was first performed to
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evaluate if AF alone was significantly associated with each of the spec-
ified outcomes as defined by ICD coding. Next, multivariate analysis was
performed using all demographic characteristics as covariates. Finally, a
propensity score model was created using all demographic characteris-
tics as well as the discharge weights as independent variables. With this
model, we generated average treatment effect on the treated (ATT)
weights, which were then multiplied by the discharge weights within the
NIS to create final weights. After the groups with and without AF were
compared using the final weights to ensure balance across all variables
in the model (defined as a standardized mean difference between — 0.1
and 0.1 for each variable, see Supplementary Tables 2 and 3), the final
weights were then used in the multivariate adjusted models to conduct
propensity score weighted analyses for all the aforementioned outcomes
using doubly robust models. All outcome analyses were performed on
the entire dataset, and then repeated in the subset of records with pri-
mary influenza diagnoses and secondary AF diagnoses for the sensitivity
analysis. Records with ages < 18, as well as records with missing data
were excluded from this analysis. In the interests of promoting quality
research and reporting using the NIS, the “Checklist for Working with
the NIS” from AHRQ was followed while designing and interpreting the
study results [20].

Logistic regression was used for the evaluation of dichotomous out-
comes and the generation of odds ratios, and linear regression was used
for evaluation of continuous outcomes, as well as for generation of
parameter estimates. The type 1 error rate was set at 0.05 for the pur-
poses of determining statistical significance. All analyses were per-
formed using PROC SURVEY procedures using SAS version 9.4 (Cary,
NCQ). As the analysis was performed using multiple years of the NIS, both
the hospital variable (“HOSP_NIS”) and the year (“YEAR™) were used as
strata.

Our dataset had missing data across several variables, the most sig-
nificant being race at 5.3 %. The frequency of missing data is outlined in
Supplementary Table 4. As the missing data was not monotone in
structure and was found across binary, categorical, and continuous
variables, multiple imputation using fully conditional specification was
performed using PROC MI in SAS version 9.4. Ten imputed datasets were
created using the same variables present in the adjusted multivariate
analyses. Both the primary and sensitivity analyses were then repeated
using the imputed datasets to generate ten parameter estimates for each
outcome, which were then pooled using PROC MIANALYZE in SAS
version 9.4. The pooled parameter estimates using imputed data were
then compared to the original parameter estimates from complete case
analysis (see Supplementary Table 5). As there is no significant dif-
ference between the original and imputed parameter estimates, we have
determined that the missing data in our dataset had no significant
impact on the results of our study. Therefore, we present the results from
the original complete case analysis.

3. Results

Between the years 2009 and 2018 of the NIS, a total of 1,381,293
weighted records with influenza diagnoses were obtained for the pri-
mary analysis, of which 265,678 (19 %) had AF. The demographics of
the primary analysis are described in Table 1. Records with influenza
and AF were older than those without AF, with over 50 % of the group
aged greater than 80 years, and correspondingly those with influenza
and AF overwhelmingly had Medicare as their primary payer. Records
with influenza and AF were more likely to be male (49 % vs 43 %
without AF) and White (77 % vs 62 %), and have a higher comorbidity
burden, especially in regard to heart failure (39 % vs 14 %), chronic
pulmonary disease (40 % vs 35 %), hypertension (73 % vs 58 %), renal
failure (29 % vs 16 %) and valvular disease (14 % vs 4 %, all p-values <
0.0001). Median income level, obesity and tobacco use were similar
between the two groups.

In both univariate and multivariate primary analyses using tradi-
tional regression techniques, records with influenza and AF were
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Table 1
Demographics of Influenza Hospitalizations Based on Association with Atrial
Fibrillation, National Inpatient Sample 2009-2018.

Without Atrial With Atrial
Fibrillation Fibrillation
Characteristics (N =1,115,615) (N = 265,678) p-value
Age <
0.0001
18-49 269,663 (24) 5,936 (2)
50-64 291,721 (26) 31,602 (12)
65-79 309,858 (28) 93,613 (35)
80+ 244,374 (22) 134,527 (51)
Female 638,436 (57) 135,145 (51) <
0.0001
Race <
0.0001
White 696,680 (62) 205,838 (77)
Black 166,765 (15) 18,390 (7)
Hispanic/Latino 120,638 (11) 16,132 (6)
Other 70,678 (6) 13.310 (5)
Primary payer <
0.0001
Medicare 621,888 (56) 222,333 (84)
Medicaid 160,460 (14) 9,993 (4)
Private (including HMO) 247,157 (22) 26,497 (10)
Other 84,392 (8) 6,621 (2)
Hospital type/location <
0.0001
Rural 142,791 (13) 31,104 (12)
Urban, non-teaching 315,155 (28) 73,879 (28)

Urban, teaching 655,724 (59) 160,532 (60)
Median Income (by ZIP code, <

in quartiles) 0.0001

First (lowest income) 342,077 (31) 64,222 (24)

Second 286,442 (26) 67,439 (25)

Third 254,841 (22) 67,633 (25)

Fourth (highest income) 208,373 (19) 62,210 (23)

Tobacco use 403,638 (36) 89,319 (34) <
0.0001
Elixhauser Comorbidity

Measures

Congestive heart failure 154,677 (14) 104,532 (39) <. 0001

Chronic pulmonary 387,562 (35) 105,828 (40) <

disease 0.0001

Diabetes, uncomplicated 205,908 (18) 51,382 (19) <
0.0001

Diabetes with chronic 131,040 (12) 42,019 (16) <

complications 0.0001

Hypertension 644,033 (58) 194,877 (73) <
0.0001

Obesity 170,889 (15) 40,153 (15) 0.2407

Peripheral vascular 52,897 (5) 25,185 (9) <

disorders 0.0001

Pulmonary circulation 21,980 (2) 10,679 (4) <

disorders 0.0001

Renal failure 180,077 (16) 77,284 (29) <
0.0001

Valvular disease 46,776 (4) 37,074 (14) <
0.0001

HMO = health maintenance organization.
Values expressed as N (%). Because of missing values, percentages do not always
add to 100% for each variable.

associated with worse clinical outcomes compared to those without AF,
including higher odds of in-hospital mortality (adjusted odds ratio (aOR)
1.56, 95 % confidence interval (CI) 1.49 — 1.65), more ARF (aOR 1.22,
95 % CI 1.19 - 1.25), including ARF requiring mechanical ventilation
(aOR 1.37, 95 % CI 1.32 — 1.41), AKI (aOR 1.09, 95 % CI 1.06 — 1.12),
including AKI requiring dialysis (aOR 1.61, 95 % CI 1.46 — 1.78) and
more cardiogenic shock (aOR 1.90, 95 % CI 1.65 — 2.20, all p-values <
0.0001, see Table 2 as well as Supplementary Table 6 for a description
of the adjusted clinical outcomes models for the primary analysis). In
addition, records with influenza and AF were associated with worse
healthcare resource outcomes, including higher total hospitalization
charges (mean $61,348 vs $49,157 without AF), higher total
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hospitalization costs (mean $15,628 vs $12,737) and longer length of
stay (mean 6.6 vs 5.5 days, all p-values < 0.0001, see Table 3).

For the primary propensity score weighted analysis, the final weights
produced good covariate balance between the groups of influenza re-
cords with and without AF, as demonstrated by the standardized mean
differences (SMDs) between groups ranging between — 0.1 and 0.1 (see
Supplementary Table 2). As seen in Tables 2 and 3, the propensity
score analysis using ATT weighting validated the results of the primary
regression analysis.

A total of 628,644 weighted records with a primary ICD code for
influenza were obtained from years 2009-2018 of the NIS, of which
114,660 (18 %) had a secondary ICD code for AF. The results of the
unadjusted sensitivity analysis were the same as for the primary anal-
ysis, showing significantly elevated odds across all measured outcomes
(see Tables 4 and 5). For the adjusted sensitivity analysis, while records
with influenza and AF had significantly elevated odds of in-hospital
mortality (aOR 1.55, 95 % CI 1.38 — 1.74, p-value < 0.0001), ARF
(aOR 1.17, 95 % CI 1.12 - 1.22, p-value < 0.0001), ARF requiring me-
chanical ventilation (aOR 1.44, 95 % CI 1.33 - 1.55, p-value < 0.0001)
and AKI requiring dialysis (aOR 1.59, 95 % CI 1.23 — 2.04, p-value =
0.0003), they did not have significantly increased odds of AKI in general
(aOR 0.99, 95 % CI 0.95 - 1.04, p-value = 0.6951) or for cardiogenic
shock (aOR 1.52, 95 % CI 0.96 — 2.41, p-value = 0.0776, see Table 4 as
well as Supplementary Table 7 for a description of the adjusted clinical
outcomes models for the sensitivity analysis). For healthcare resource
outcomes, univariate and multivariate sensitivity analysis demonstrated
that records with influenza and AF were associated with significantly
increased total hospitalization charges (mean $41,470 vs $32,012
without AF), increased total hospitalization costs (mean $10,875 vs
$8,551) and increased length of stay (mean 5.3 vs 4.2 days, all p-values
< 0.0001, see Table 5) compared to influenza records without AF.

For the propensity score sensitivity analysis, the propensity model
again yielded final weights that balanced the groups with and without
AF well based on SMDs ranging between — 0.1 and 0.1 (see Supple-
mentary Table 3). Again, the propensity score analysis yielded the same
results as the multivariate logistic regression analysis, showing that
influenza hospitalizations with AF were associated with increased odds
of in-hospital mortality, ARF, ARF requiring mechanical ventilation, and
AKI requiring dialysis, but not significantly increased odds for AKI in
general or cardiogenic shock (see Table 4). For healthcare resource
outcomes, the results of the propensity score analysis again matched the
multivariate linear regression analysis, showing increased total hospi-
talization charges, costs, and length of stay for influenza records asso-
ciated with AF compared to records without AF (see Table 5).

4. Discussion

In this cross-sectional study across 10 years of nationwide discharge
data, the presence of AF was associated with worse clinical and
healthcare resource outcomes for those hospitalized with influenza,
including increased odds of in-hospital mortality. This was validated
using propensity score methods to verify the findings observed through
traditional regression analysis, and through the use of a sensitivity
analysis in those with a primary diagnosis of influenza. This mirrors
similar adverse effects seen when influenza occurs alongside other co-
morbid cardiovascular disorders, such as HF [8,9] or acute MI [11,12].

Our findings that the presence of AF is associated with worse out-
comes on influenza hospitalization is concerning, especially in light of
the increasing prevalence of AF. In the United States alone, the projected
prevalence of AF is expected to rise to 12.1 million cases by the year
2030. [21] In our study, our cohort with AF has a higher mean age as
well as an increased frequency of comorbidities compared to our cohort
without AF, such as HF, hypertension, valvular disease and diabetes.
Therefore, the demographic profile of our study cohort with AF mirrors
the characteristics of patients found to have worse outcomes with
influenza infection [8,22-24], which coincidentally mirrors the known
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Table 2
Primary Analysis of Clinical Outcomes for Influenza Hospitalizations Based on Association with Atrial Fibrillation, National Inpatient Sample, 2009-2018.
Without AF (N = With AF (N = Odds Ratio, p-value Odds Ratio, p-value Odds Ratio, PS p-value
1,115,615) 265,678) unadjusted (+95 % adjusted* (+95 % analysisT (£95 % CI)
(o)) CD
Outcome
In-hospital mortality 33,631 (3) 16,760 (6) 2.17 (2.08-2.26) < 1.56 (1.49-1.65) < 1.45 (1.37-1.53) <
0.0001 0.0001 0.0001
Acute respiratory failure 305,159 (27) 98,309 (37) 1.56 (1.53-1.59) < 1.22 (1.19-1.25) < 1.22 (1.08-1.24) <
0.0001 0.0001 0.0001
Acute respiratory failure 112,569 (10) 37,179 (14) 1.45 (1.41-1.49) < 1.37 (1.32-1.41) < 1.36 (1.31-1.41) <
requiring mechanical 0.0001 0.0001 0.0001
ventilation
Acute kidney injury 216,474 (19) 73,360 (28) 1.59 (1.55-1.62) < 1.09 (1.06-1.12) < 1.07 (1.04-1.10) <
0.0001 0.0001 0.0001
Acute kidney injury requiring 12,314 (1) 4,346 (2) 1.49 (1.38-1.61) < 1.61 (1.46-1.78) < 1.54 (1.39-1.70) <
dialysis 0.0001 0.0001 0.0001
Cardiogenic shock 4,764 (<1) 2,539 (1) 2.25 (2.02-2.51) < 1.90 (1.65-2.20) < 1.81 (1.57-2.10) <
0.0001 0.0001 0.0001

AF = atrial fibrillation, CI = confidence interval, PS = propensity score.

Values expressed as N (%) unless otherwise indicated.

* Logistic regression model adjusted for age, sex, race, primary payer, hospital type/location, median income by ZIP code, tobacco use, and 10 comorbidities as defined
by Elixhauser software criteria (congestive heart failure, chronic pulmonary disease, diabetes, both uncomplicated and with chronic complications, hypertension,
obesity, peripheral vascular disorders, pulmonary circulation disorders, renal failure and valvular disease).

t Propensity score analysis using ATT (average effect of treatment on the treated) weights.

Table 3
Primary Analysis of Healthcare Resource Outcomes for Influenza Hospitalizations Based on Association with Atrial Fibrillation, National Inpatient Sample, 2009-2018.
Without AF With AF Parameter Estimate, p-value Parameter Estimate, p-value Parameter Estimate, PS p-value
Outcomes (N = (N = unadjusted (£SE) adjusted‘ (£SE) analysis1 (£SE)
1,115,615) 265,678)
Total Charges, US 49,157 61,348 12,192 (4+583) < 11,873 (+646) < 12,334 (£603) <
dollars ($) (£399) (£650) 0.0001 0.0001 0.0001
Total Costs, US 12,737 (+86) 15,628 2,891 (£+134) < 2,787 (£148) < 2,931 (£138) <
dollars ($) (£135) 0.0001 0.0001 0.0001
Length of Stay, days 5.5 (£0.02) 6.6 (+£0.03) 1.2 (+0.04) < 0.8 (+£0.04) < 0.8 (+£0.04) <
0.0001 0.0001 0.0001

AF = atrial fibrillation, PS = propensity score, SE = standard error.

Values described as mean (£SE) unless otherwise indicated.

t Linear regression model adjusted for age, sex, race, primary payer, hospital type/location, median income by ZIP code, tobacco use, and 10 comorbidities as defined
by Elixhauser software criteria (congestive heart failure, chronic pulmonary disease, diabetes, both uncomplicated and with chronic complications, hypertension,
obesity, peripheral vascular disorders, pulmonary circulation disorders, renal failure and valvular disease).

1 Propensity score analysis using ATT (average effect of treatment on the treated) weights.

Table 4
Sensitivity Analysis of Clinical Outcomes for Influenza Hospitalizations Based on Association with Atrial Fibrillation, National Inpatient Sample, 2009-2018.
Without AF (N With AF (N = Odds Ratio, p-value Odds Ratio, p-value Odds Ratio, PS p-value
= 513,984) 114,660) unadjusted (+95 % adjusted’ (+95 % analysis' (95 % CI)
cn D
Outcomes
In-hospital mortality 6,728 (1) 3,618 (3) 2.46 (2.24-2.70) < 1.55 (1.38-1.74) < 1.37 (1.22-1.54) <
0.0001 0.0001 0.0001
Acute respiratory failure 102,621 (20) 31,020 (27) 1.49 (1.44-1.54) < 1.17 (1.12-1.22) < 1.16 (1.11-1.21) <
0.0001 0.0001 0.0001
Acute respiratory failure 22,907 (4) 7,616 (7) 1.53 (1.44-1.62) < 1.44 (1.33-1.55) < 1.39 (1.28-1.51) <
requiring mechanical 0.0001 0.0001 0.0001
ventilation
Acute kidney injury 73,866 (14) 23,294 (20) 1.52 (1.46-1.58) < 0.99 (0.95-1.04) 0.6951 0.98 (0.94-1.03) 0.3638
0.0001
Acute kidney injury requiring 2,188 (<1) 678 (1) 1.39 (1.15-1.68) < 1.59 (1.23-2.04) 0.0003 1.45(1.13-1.86) 0.0039
dialysis 0.0001
Cardiogenic shock 437 (<1) 230 (<1) 2.36 (1.65-3.38) < 1.52 (0.96-2.41) 0.0776 1.47 (0.93-2.32) 0.1027
0.0001

AF = atrial fibrillation, CI = confidence interval, PS = propensity score.

Values expressed as N (%) unless otherwise indicated.

t Logistic regression model adjusted for age, sex, race, primary payer, hospital type/location, median income by ZIP code, tobacco use, and 10 comorbidities as defined
by Elixhauser software criteria (congestive heart failure, chronic pulmonary disease, diabetes, both uncomplicated and with chronic complications, hypertension,
obesity, peripheral vascular disorders, pulmonary circulation disorders, renal failure and valvular disease).

1 Propensity score analysis using ATT (average effect of treatment on the treated) weights.
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Table 5
Sensitivity Analysis of Healthcare Resource Outcomes for Influenza Hospitalizations Based on Association with Atrial Fibrillation, National Inpatient Sample,
2009-2018.
Outcomes Without AF (N = With AF (N = Parameter Estimate, p-value Parameter Estimate, p-value Parameter Estimate, PS p-value
513,984) 114,660) unadjusted (£SE) adjusted* (£SE) analysisT (£SE)
Total Charges, US 32,012 (+£274) 41,470 (+£624) 9,459 (+604) < 7,753 (£676) < 7,715 (£653) <
dollars ($) 0.0001 0.0001 0.0001
Total Costs, US 8,551 (+62) 10,875 (+134) 2,324 (£141) < 1,845 (£153) < 1,837 (154) <
dollars ($) 0.0001 0.0001 0.0001
Length of Stay, 4.2 (+£0.02) 5.3 (£0.04) 1.1 (£0.04) < 0.6 (+£0.04) < 0.6 (+£0.04) <
days 0.0001 0.0001 0.0001

AF = atrial fibrillation, PS = propensity score, SE = standard error.
Values described as mean (£SE) unless otherwise indicated.

* Linear regression model adjusted for age, sex, race, primary payer, hospital type/location, median income by ZIP code, tobacco use, and 10 comorbidities as defined
by Elixhauser software criteria (congestive heart failure, chronic pulmonary disease, diabetes, both uncomplicated and with chronic complications, hypertension,
obesity, peripheral vascular disorders, pulmonary circulation disorders, renal failure and valvular disease).

t Propensity score analysis using ATT (average effect of treatment on the treated) weights.

risk profile for AF. [14,25] It is notable, however, that even after
adjustment for these confounders by using traditional regression as well
as propensity score weighting, AF was still significantly associated with
worse outcomes in our study.

Of the 19 % of our influenza hospitalization cohort who had AF, the
percentage of pre-existing versus new-onset AF cannot be determined
due to the lack of “present on admission” indicators for diagnoses within
the NIS. Interestingly, the frequency of AF in our cohort is larger than
the prevalence seen in the general United States population within
similar age groups. In the ATRIA study [26], which used records from a
large, integrated health maintenance organization in California, the
prevalence of AF ranged from 3.8 % in adults aged 60 or higher, to 9.0 %
in adults aged 80 or higher. Given the demographics of our AF cohort, it
would be reasonable to suggest that a significant portion of our cohort
represents patients with pre-existing AF. Patients with pre-existing AF
have chronic atrial fibrosis and resultant remodeling of the electric
pathways, down to the cellular level. [27] When infected by influenza,
the resulting pro-inflammatory state can act as a catalyst, stimulating
the development and maintenance of AF in influenza patients [28].
Therefore, increased inflammation leading to exacerbation of AF could
be one explanation for how patients with pre-existing AF may require
hospital admission due to influenza infection.

However, given that the AF prevalence of 19 % is much higher in our
study cohort than in the general population, it would also be reasonable
that patients with new-onset AF comprise a significant portion of our AF
cohort as well. Influenza infection is hypothesized to lead to the devel-
opment of new-onset AF through multiple pathways. A study utilizing a
mouse model demonstrated that the influenza virus can directly infect
cardiomyocytes and cause direct effects on electrical conduction
through the myocardium [29,30]. Influenza also promotes a systemic
inflammatory response, including an increased production of pro-
inflammatory IL-6 and IL-8, which have been found to promote the
development of AF [31,32], as well as increased sympathetic tone that is
also arrhythmogenic [33-35]. Additionally, influenza can promote
other cardiac complications through similar inflammatory mechanisms
that can lead to cardiac injury and secondary AF, such as atherosclerosis
and acute MI [31,36] as well as myocarditis and heart failure
[29,30,37].

Indeed, most of the available research examining the relationship
between influenza and AF focuses on how influenza infection may lead
to the development of new-onset AF. A study by Chang et al [35] used a
national health insurance database to enroll patients with newly diag-
nosed AF across 10 years, along with age and sex-matched controls
without AF. After dividing the patients into groups based on influenza
infection and influenza vaccination status one year prior to their
enrollment, Chang et al found that those with influenza and were un-
vaccinated had a higher odds of developing new-onset AF (aOR 1.18, 95
% CI 1.01-1.38, p-value 0.032) than those who did not have influenza. If

the participants both developed influenza and received the influenza
vaccine within the past year, the risk of new-onset AF was insignificant
(aOR 1.14, 95 % CI 0.93-1.39, p-value 0.214). More recently, in a
retrospective cohort study across a nationwide discharge database in
France, Piroth et al [38] noted that compared to COVID-19 infection, AF
was more likely to complicate influenza infection during the 2018-19
seasonal influenza pandemic (15.8 % vs 12.4 % of those with COVID-19,
p-value < 0.0001).

To our knowledge, only one other study examined the clinical out-
comes of influenza hospitalization based on AF status. In a retrospective
cohort study using an electronic records database across a network of 5
hospitals in New York City, Musikantow et al compared the outcomes of
two overlapping cohorts of COVID-19 patients against a cohort of pa-
tients with laboratory-confirmed influenza infection. Patients who had
both influenza and AF were found to have a higher risk of in-hospital
mortality compared to those with influenza and without AF (16 % vs
9 % without AF, risk ratio (RR) 1.78, p-value < 0.01), as well as a higher
risk of intubation (14 % vs 7 %, RR 2.00, p-value < 0.01) and longer
length of stay (median 7 vs 5 days, p-value < 0.01) [39]. Our study
validates these findings, and adds further evidence that patients with AF
constitute a high-risk group of those infected with influenza. As the
Center for Disease Control and Prevention lists patients with cardio-
vascular conditions as a priority for influenza vaccination due to
increased risk of severe influenza, [40] future studies are indicated to
see if influenza vaccination can prevent the worse outcomes seen in
patients with influenza and AF.

In recognition of the differences in diagnosis coding strategies seen
within administrative databases, we produced a sensitivity analysis
using a subset of records with a primary diagnosis code for influenza as
the reason for admission, complicated by secondary AF. Within this
subset of the data, both the standard regression and propensity score-
weighted analyses yielded results similar to the main analysis. Howev-
er, while all forms of AKI and cardiogenic shock were found to be
significantly associated with the presence of AF in the main analysis, the
association was not present in the sensitivity analysis. Interestingly, the
presence of AF remained significantly associated with more serious
forms of AKI requiring dialysis in the sensitivity analysis, even after
accounting for pre-existing renal disease in both regression and pro-
pensity score models. Both AF and renal disease share multiple risk
factors, and as renal disease becomes more severe and advances towards
later stages, AF becomes more common [41]. Therefore, a potential
explanation for our findings is that AKI is more severe when it occurs
during influenza hospitalization and when AF is also present; therefore,
if AKI were to occur, it would be more likely to require hemodialysis.

5. Limitations

Our study contained several limitations that are commonly found in
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secondary analysis of administrative datasets. While the intent of our
analysis was to study the effects of comorbid AF complicating influenza
hospitalizations, as stated previously the NIS does not contain prior to
admission indicators for any diagnosis codes. Therefore, while it is
reasonable to assume that influenza and not AF was the primary reason
for hospitalization for the sensitivity analysis, it is impossible to deter-
mine if the AF is new-onset as a result of influenza infection or a pre-
existing condition. In addition, there is a possibility that patients with
AF would be excluded from the analysis if the AF was stable during
hospitalization and not the focus of the hospital stay, in which case the
corresponding AF diagnosis code may not be on the discharge record.

As the NIS is an administrative database, no clinical data is available
to make inferences regarding outcomes based on the type and severity of
either AF or influenza. Also, because of the lack of clinical data avail-
able, misattribution bias could be present due to inaccurate coding and
the inability to use clinical information to validate ICD codes used
within the database. As only acute hospitalizations are recorded within
the NIS, we were not able to study long-term outcomes in patients with
influenza who have AF and were able to discharge from the hospital.
Finally, it is important to note that our study includes data before,
during and after the year 2015, when the transition from ICD to 9-CM to
ICD-10-CM took place. To account for this, we crosswalked all codes
used in the study to ensure equality as much as possible between both
ICD versions of our study definitions. However, inevitable variation
exists between the two versions, and so it is possible that the discrepancy
could have affected our results.

6. Conclusion

In conclusion, in a cross-sectional analysis across 10 years of a
nationwide, all-payer discharge dataset, the presence of AF is associated
with worse clinical and healthcare resource outcomes for patients with
influenza requiring hospitalization, including higher odds of in-hospital
mortality.
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