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Data are limited on whether the causes of emergency department (ED) encounters for
cardiovascular diseases (CVDs) and associated clinical outcomes vary by frailty sta-
tus. Using the United States Nationwide ED Sample, selected CVD encounters (acute
myocardial infarction [AMI], ischemic stroke, atrial fibrillation [AF], heart failure
[HF], pulmonary embolism, cardiac arrest, and hemorrhagic stroke) were stratified
by hospital frailty risk score (HFRS). Logistic regression was used to determine the
adjusted odds ratios (aORs) and 95% confidence intervals (CIs) of ED mortality
among the different frailty groups. A total of 8,577,028 selected CVD ED encounters
were included. A total of 5,120,843 (59.7%) had a low HFRS (<5), 3,041,699 (35.5%)
had an intermediate HFRS (5 to 15), and 414,485 (4.8%) had a high HFRS (>15).
Ischemic stroke was the most common reason for the encounter in the high HFRS
group (66.9%), followed by hemorrhagic stroke (11.7%) and AMI (7.2%). For the
low HFRS group, AF was the most common reason for the encounter (30.2%), fol-
lowed by AMI (23.6%) and HF (16.8%). Compared with the low-risk group, high-
risk patients had a decreased ED mortality and an increased overall mortality across
most CVD encounters (p <0.001). The strongest association with overall mortality
was observed among patients with a high HFRS admitted for AF (aOR 27.14, 95%
CI 25.03 to 29.43) and HF (aOR 13.71, 95% CI 12.95 to 14.51) compared with their
low-risk counterparts. In conclusion, patients presenting to the ED with acute CVD
have a significant frailty burden, with different patterns of CVD according to frailty
status. Frailty is associated with an increased all-cause mortality in patients for most
CVD encounters. © 2023 The Author(s). Published by Elsevier Inc. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
(Am J Cardiol 2023;206:210−218)
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Frailty is a clinical syndrome of multiple organ system
impairment, leading to an increased vulnerability to stress, and
is associated with an increased likelihood of adverse out-
comes.1 The proportion of subjects livingwith frailty is increas-
ing.2 Frail patients have a greater burden of cardiovascular
disease (CVD)3,4; CVD is associated with a threefold increase
in frailty, whereas frailty is independently associated with
increasedmortality fromCVD.5 Several studies have described
the association between CVD and frailty in the hospital inpa-
tient setting.6−8 However, there remain little data on whether
the type of CVD encounter varies by frailty status in the emer-
gency department (ED) setting. The outcomes of a patient pre-
sentation to the ED vary: some presentations are resolved
within the ED, including on-site treatment and discharge,
others are admitted for specialist inpatient hospital care,
whereas othersmay result in death during the encounter. There-
fore, using data derived from inpatient hospital episodes alone
may not provide a full picture on the patterns of CVD encoun-
ters in secondary care among patients with different frailty bur-
dens and their associated outcomes. It is important to gain
insight into the patterns of acute CVD presentations among
frail patients in the ED to allow services to meet the needs of
the growing frail population. Therefore, this study aimed to
describe the relation between frailty status on the prevalence,
clinical characteristics, causes, and outcomes of patients attend-
ing the EDwith CVD using a national data set.
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Methods

The National ED Sample (NEDS) was developed by the
Healthcare Cost and Utilization Project sponsored by the
Agency for Healthcare Research and Quality.9 The NEDS
provides accurate estimates of all hospital-owned ED
encounters in the United States. This includes 989 hospitals
located in 40 states amounting to approximately 145 million
ED encounters. Patient demographics, outcomes, and co-
morbidities are all captured using the International Classifi-
cation of Diseases, Tenth Revision (ICD-10) codes.9

The hospital frailty risk score (HFRS) was developed by
Gilbert et al10 to assess the risk of adverse outcomes in
older persons using routinely collected health care data. A
cohort of elderly patients admitted for diagnoses associated
with frailty was identified using ICD-10 codes.10 The
HFRS was created using ICD-10 codes to group patients
into low risk (HFRS <5), intermediate risk (HFRS 5 to 15),
and high risk (HFRS >15).10 The HFRS was validated
using a local and national cohort in the United Kingdom.10

Each component of the HFRS and the associated weighting
is outlined in Supplementary Appendix 1.

The ICD-10 codes were used to identify all adult dis-
charge records with a principal diagnosis of an acute CVD
encounters between 2016 and 2018 (Supplementary Table
1). This sample was filtered using ICD-10 codes into 7
selected CVD groups: acute myocardial infarction (AMI),
atrial fibrillation (AF), ischemic stroke, heart failure (HF),
pulmonary embolism (PE), cardiac arrest, and hemorrhagic
stroke. The sample was then stratified according to their
frailty status measured by the HFRS into 3 groups: low risk
(HFRS <5), intermediate risk (HFRS 5 to 15), and high risk
(HFRS >15), as defined by Gilbert et al.10

The outcomes of this study were the following: (1) to
calculate the proportion of encounters stratified by HFRS
category (low, intermediate, and high); (2) to examine the
discharge disposition (admission, discharge, and mortality),
stratified by CVD diagnosis and HFRS category; and (3) to
determine the association between frailty, CVD, and all-
cause mortality in the ED.

Cases were excluded because of missing data for the fol-
lowing variables: age, gender, elective admission, ED mor-
tality, primary expected payer, total ED and in-hospital
charges, and length of stay (n = 40,341 [0.19%]). Because
this is an observational study, it was appraised according to
the Strengthening The Reporting of OBservational Studies
in Epidemiology (STROBE) recommendations (Supple-
mentary Appendix 2).11

Continuous variables, including age, length of stay, and
total charges, were summarized using median and inter-
quartile ranges and compared using the Kruskal−Wallis
test. Categorical variables were compared using the chi-
square test and summarized as percentages (%).

Multivariable logistic regression was performed to deter-
mine the adjusted odds ratios (aORs) with 95% confidence
intervals (CIs) using the binomial multivariable logistic
regression models (“enter” algorithm). Different sensitivity
analyses were conducted by separately evaluating the sub-
groups of patients with 7 different cardiovascular causes of
emergency encounters, namely, “acute myocardial
infarction,” “ischemic stroke,” “atrial fibrillation/flutter,”
“heart failure,” “pulmonary embolism,” “cardiac arrest,”
and “haemorrhagic stroke.” For each of the 7 different car-
diovascular causes of emergency encounters, we evaluated
3 different binary outcomes (dependent variables), namely,
“emergency department all-cause mortality,” “overall all-
cause mortality” (ED + in-hospital all-cause mortality), and
“hospitalization.” The following independent variables
were used in each multivariable logistic regression model:
categorical frailty groups (low-frailty group as a reference
group), age, gender, weekend admission, primary expected
payer, median household income, hospital region and teach-
ing status, previous AMI, thrombocytopenia, dyslipidemia,
smoking, anemias, coagulopathy, diabetes mellitus, liver
disease, malignancy, peripheral vascular disorders, chronic
pulmonary disease, and chronic renal failure. Finally, to
further explore the utility of the HFRS, we conducted addi-
tional analyses using the same previously mentioned set-
tings but having the HFRS as a continuous variable
(presented in the Supplements). All statistical analyses
were weighted and performed using SPSS version 27 (IBM
Corp, Armonk, New York).12 The statistical significance
was set at the level of p <0.05.

This study did not require ethical approval. The NEDS is
a publicly available national data set and does not contain
any patient identifiable information.
Results

A total of 8,577,028 selected ED encounters for CVD,
including AMI, acute ischemic stroke, AF, HF, PE, cardiac
arrest, and acute hemorrhagic stroke (Supplementary Figure
1), were recorded between 2016 and 2018. Overall,
5,120,843 (59.7%) had a low HFRS of <5, 3,041,699
(35.5%) had an intermediate HFRS of 5 to 15, and 414,485
(4.8%) had a high HFRS of >15 (Table 1).

Patients with a high HFRS had a higher prevalence of
co-morbidities, such as dyslipidemia (55.7%), thrombocy-
topenia (6.1%), anemia (25.0%), peripheral artery disease
(3.5%), and chronic renal failure (34.7%), than patients
with a low and intermediate HFRS (p <0.001 for all)
(Table 1).

The most common cause of encounter was AF (24.0%),
followed by AMI (20.9%), ischemic stroke (19.4%), HF
(17.3%), PE (7.3%), cardiac arrest (5.8%), and hemorrhagic
stroke (5.3%). The cohort admitted with ischemic stroke
had the highest proportion of patients with a high HFRS
(16.7%), followed by hemorrhagic stroke, AMI, and HF
(10.6%, 1.7%, and 1.7%, respectively). The cohort admitted
with ischemic stroke had the highest proportion of patients
with an intermediate HFRS (57.5%), followed by hemor-
rhagic stroke (42.6%) and HF (40.5%). The cohort admitted
with cardiac arrest had the highest proportion of patients
with a low HFRS (89.1%), followed by AF (75.2%) and
AMI (67.4%) (Figure 1, Table 2).

Acute ischemic stroke (66.9%) was the most common
CVD encounter for the high HFRS group, followed by hem-
orrhagic stroke (11.7%) and AMI (7.2%). Ischemic stroke
was also the most common CVD encounter for the interme-
diate HFRS group (31.4%), followed by HF (19.8%) and
AMI (18.3%). The most common cause of CVD encounter



Table 1

Patient characteristics for selected emergency department cardiovascular admissions according to the hospital frailty risk score

Characteristics Hospital Frailty Risk Score P-value

Low <5
(59.7%)

Intermediate 5-15

(35.5%)

High >15
(4.8%)

Number of weighted discharges 5,120,843 3,041,699 414,485

Age (years), median (IQR) 66 (56, 77) 73 (62, 82) 77 (66, 86) <0.001
Female sex 43.5% 49.7% 55.0% <0.001
Weekend admission 25.5% 25.6% 26.4% <0.001
Primary expected payer <0.001
Medicare 55.1% 71.5% 76.8%

Medicaid 10.0% 8.4% 8.0%

Private Insurance 26.0% 14.9% 11.1%

Self-pay 5.8% 3.1% 2.4%

No charge 0.3% 0.2% 0.2%

Other 2.6% 1.9% 1.5%

Median Household Income (percentile) <0.001
0-25th 30.5% 31.3% 30.7%

26th−50th 27.9% 26.5% 25.1%

51st-75th 22.5% 22.6% 23.0%

76th−100th 19.2% 19.6% 21.3%

Homelessness 0.4% 0.5% 0.4% <0.001
Comorbidities

Dyslipidaemia 35.4% 54.4% 55.7% <0.001
Thrombocytopenia 1.6% 5.2% 6.1% <0.001
Smoking 13.0% 12.3% 10.3% <0.001
Previous AMI 7.7% 11.6% 8.5% <0.001
Previous PCI 7.5% 10.8% 7.1% <0.001
Previous CABG 5.8% 9.7% 7.0% <0.001
Anemias 6.9% 23.2% 25.0% <0.001
Valvular disease 6.9% 14.7% 12.2% <0.001
Peripheral artery disease 0.8% 2.9% 3.5% <0.001
Coagulopathy 1.2% 3.4% 2.8% <0.001
Diabetes Mellitus 25.2% 40.0% 39.2% <0.001
Liver disease 1.2% 3.4% 2.8% <0.001
Chronic renal failure 8.4% 32.4% 34.7% <0.001
Chronic pulmonary disease 13.0% 24.0% 18.4% <0.001
Hospital Region <0.001
Northeast 17. 3% 17.5% 17.8%

Midwest 23.6% 22.9% 24.7%

South 39.4% 40.7% 39.8%

West 19.7% 18.9% 17.6%

Location/teaching status of hospital <0.001
Rural 27.4% 25.6% 20.2%

Urban non-teaching 52.9% 63.0% 73.0%

Urban teaching 19.7% 11.4% 6.9%

Length of stay (days), median (IQR) 2 (2,4) 4 (2,6) 6 (4,11) <0.001
Total ED and in-hospital charges (USD), median (IQR) 33,663 (18,231, 65,201) 41,378 (23,395, 78,149) 62,859 (34,272, 124,400) <0.001
Hospitalization 47.2% 87.9% 98.3% <0.001
ED all-cause mortality 7.9% 0.8% 0.1% <0.001
Overall all-cause mortality 8.7% 6.3% 9.4% <0.001

AMI = acute myocardial infarction; CABG = coronary artery bypass graft; ED = emergency department; HFRS = hospital Frailty Risk Score;

IQR = interquartile range; PCI = percutaneous coronary intervention; USD = United States dollar.
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in the low HFRS group was AF (30.2%), followed by AMI
(23.6%) and HF (16.8%) (Figure 2).

Patients admitted for AMI with a high HFRS were more
likely to be older and female than those with an intermedi-
ate or low HFRS. These patients were had more co-morbid
conditions, such as anemia, thrombocytopenia, and periph-
eral vascular disorders, than patients with a low HFRS (p
<0.001). Similar findings were observed among the
ischemic stroke, HF, AF, PE, cardiac arrest, and hemor-
rhagic stroke cohorts (Supplementary Tables 2 to 9).

Patients with a high HFRS were more likely to be admit-
ted as an inpatient (98.3% vs 87.9% for intermediate HFRS
and 47.2% for low HFRS) and less likely to be transferred
to a short-term hospital (0.5% vs 3.6% for intermediate
HFRS and 13.0% for low HFRS), discharged to home
health care (0.2% vs 0.6% for intermediate HFRS and 0.4%
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Figure 1. Distribution of each HFRS category within each of the selected ED cardiovascular admission causes.
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for low HFRS), and discharged home (0.5% vs 5.7% for
intermediate HFRS and 28.4% for low HFRS) (Supplemen-
tary Table 9).

Patients with a high HFRS generally had lower unad-
justed rates of ED all-cause mortality than their lower
frailty counterparts (0.1% vs 0.8% for intermediate HFRS
group and 7.9% for low HFRS group; p <0.001). However,
a high HFRS was associated with increased rates of overall
mortality (ED and in-hospital combined mortality) (9.4%
vs 6.3% for the intermediate HFRS group and 8.7% for the



Table 2

Prevalence of the selected emergency department cardiovascular admission diagnoses and associated emergency department mortality based on the hospital

frailty risk score

Admission diagnosis Hospital Frailty Risk Score P-value

Low <5
(59.7%)

Intermediate 5-15

(35.5%)

High >15
(4.8%)

Acute myocardial infarction

(N =1,796,127)

Prevalence 67.4% 30.9% 1.7% <0.001
ED mortality 0.8% 0.3% 0.1% <0.001
Overall mortality 1.9% 8.9% 14.5% <0.001

Ischemic stroke

(N =1,662,442)

Prevalence 25.8% 57.5% 16.7% <0.001
ED mortality 0.2% <0.1% <0.1% <0.001
Overall mortality 0.6% 2.6% 7.4% <0.001

Atrial fibrillation/flutter

(N =2,056,294)

Prevalence 75.2% 23.7% 1.1% <0.001
ED mortality <0.1% 0.1% <0.1% <0.001
Overall mortality 0.1% 1.5% 5.9% <0.001

Heart failure

(N =1,483,837)

Prevalence 57.8% 40.5% 1.7% <0.001
ED mortality 0.2% 0.1% <0.1% <0.001
Overall mortality 0.5% 3.3% 9.1% <0.001

Pulmonary Embolism

(N=627,547)

Prevalence 67.2% 31.2% 1.6% <0.001
ED mortality 0.3% 0.1% <0.1% <0.001
Overall mortality 0.8% 5.4% 10.7% <0.001

Cardiac arrest

(N=495,406)

Prevalence 89.1% 10.3% 0.5% <0.001
ED mortality 88.2% 39.4% 5.7% <0.001
Overall mortality 89.2% 78.0% 63.2% <0.001

Haemorrhagic stroke

(N =458,987)

Prevalence 46.9% 42.6% 10.6% <0.001
ED mortality 2.0% 0.6% 0.1% <0.001
Overall mortality 7.0% 20.1% 16.0% <0.001

ED = emergency department; HFRS = hospital frailty risk score.
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low HFRS group; p <0.001). This trend was observed
across all CVD admissions, with lower crude rates of ED
all-cause mortality and increased rates of overall mortality
with increasing HFRS category (Table 2).

On adjustment for baseline covariates, the high HFRS
group had decreased odds of ED mortality across all admis-
sion groups compared with their low frailty risk counter-
parts (p <0.001). However, the high HFRS group had
increased odds of overall (ED and in-hospital) all-cause
mortality across all admission groups compared with their
low frailty risk counterparts (p <0.001). Looking at the
effect size, patients with a high HFRS admitted for AF had
the highest odds of overall mortality (aOR 27.14 95% CI
25.03 to 29.43) compared with their low frailty risk coun-
terparts (Figure 3, Table 3).

With HFRS modeled as a continuous variable, increased
HFRS was associated with significantly increased odds of
hospitalization and ED mortality across all selected CVD
admissions per 1-unit increase of the HFRS (all p <0.001)
(Supplementary Table 10).
Discussion

To the best of our knowledge, this is the first national
analysis to examine the prevalence, clinical characteristics,
cardiovascular phenotypes, and clinical outcomes of
patients admitted to ED with a broad range of CVD condi-
tions based on their frailty status. We report several impor-
tant findings. Frailty is present in a significant proportion of
patients with CVD admitted to the ED, with distinct cardio-
vascular phenotypes according to frailty status. Of the
selected CVD diagnoses, ischemic stroke was the most
common encounter in the high HFRS group, followed by
hemorrhagic stroke and AMI. Cardiac arrest was the most
common encounter for the low HFRS group, followed by
AF and AMI. Finally, a higher frailty risk is associated with
a lower ED mortality and increased admission to hospital
and overall mortality across most CVD phenotypes.13−15

Previous studies using frailty measures in general popu-
lations have estimated the prevalence of frailty to range
from 1% to 91%, whereas studies in CVD cohorts have esti-
mated it to range from 15% and 41%.5,16 This wide range in
prevalence may relate to the heterogeneity between frailty
measures and heterogenous populations.17 There are few
studies that utilize the HFRS and even fewer that use the
HFRS in CVD cohorts, with most focusing on HF, acute
coronary syndrome, and postprocedural outcomes from per-
cutaneous coronary intervention or catheter ablation.7,18−20

A single study used the HFRS in the ED cohort of 12,237
patients.21 Interestingly, 17.5% of these patients had a high
HFRS, 47.9% had an intermediate HFRS, and 34.5% had a
low HFRS. However, the study did not investigate CVD-
specific encounters but rather evaluated all encounters and
only included patients aged over 75 years.21 Elderly
patients tend to be frailer; therefore, the different distribu-
tion of HFRS observed in our study may reflect that the
nonage-restricted ED population admitted for CVD is less
frail.

We report variations in frailty status across the different
CVD phenotypes. AF was a rare cause of admission in the
high HFRS group but, interestingly, was associated with
the worst overall prognosis when accounting for the effect
size. AF is associated with increasing age and co-morbidity
burden and increases stroke risk.22−24 Frailty is also linked

www.ajconline.org


Figure 2. Distribution of selected ED cardiovascular admission causes within each HFRS category.
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to the development of AF and its sequelae because of an
aging myocardium predisposing to alterations of the elec-
trophysiology of the heart and changes in left atrial
volume.23,25 Frailty can be described as a relative contrain-
dication to anticoagulation, depending on the extent of the
patient’s frailty.26 Therefore, highly frail patients are less
likely to be anticoagulated, leading to the occurrence of
thromboembolic complications.26 Ischemic stroke was the
most common cause of encounter in the high and intermedi-
ate HFRS groups. Similar to AF, stroke is considered a con-
dition of older age, with 70% of strokes occurring after the
age of 65 years.27 There are no studies describing the preva-
lence of PE, cardiac arrest, and hemorrhagic stroke strati-
fied by the presence of frailty in the ED setting.

Interestingly, cardiac arrest and had a high propor-
tion of patients at a low or intermediate risk of frailty.
This could also be because of potential selection bias,
with only the most robust patients that are frail sur-
viving to hospital admission. Cardiac arrest was asso-
ciated with decreased odds of ED and overall
mortality, which could be because of the inherent poor
prognosis of the condition, independent of frailty sta-
tus.28−30

Intermediate and high frailty risks were also highly prev-
alent among HF encounters. Previous studies have investi-
gated the prevalence of frailty using the HFRS and other
risk scores.6−8,31,32 No studies have used the HFRS to study
HF in the ED setting. Regarding in-hospital studies, the
reported prevalence of intermediate and high HFRS in HF
are variable.6,7 An HF study of a US cohort estimated the
prevalence of intermediate and high HFRS to be 19.9% and
0.1%, respectively, which agreed with an Australian study
that reported a similar distribution and contrasts with
another hospital study of Medicare beneficiaries who
reported a prevalence of 47.4% and 25.0% for intermediate
and high HFRS, respectively.6,7,33 However, these varia-
tions may be explained because of the varying inclusion cri-
teria for the studies (e.g., patients over the age of 65 years
or insurers for specific at-risk patient groups).

There are several important clinical implications of this
study. First, this study reaffirms that frailty represents a sig-
nificant proportion of patients seen in ED, with over 40% of



Table 3

Adjusted odds of hospitalization, emergency department mortality and overall mortality in different hospital frailty risk score categories and selected emer-

gency department cardiovascular admission diagnoses

Admission Diagnosis Hospital Frailty Risk Score

Intermediate 5-15

(35.5%)

High >15
(4.8%)

aOR P-value aOR P-value

Acute myocardial infarction

(N =1,796,127)

Hospitalization 4.47 [4.41-4.54] <0.001 28.40 [25.09-32.14] <0.001
ED mortality 0.41 [0.39-0.44] <0.001 0.06 [0.04-0.11] <0.001

Overall mortality 4.10 [4.02-4.18] <0.001 5.69 [5.48-5.91] <0.001
Ischemic stroke

(N =1,662,442)

Hospitalization 5.71 [5.65-5.77] <0.001 40.35 [39.11-41.63] <0.001
ED mortality 0.36 [0.31-0.41] <0.001 0.12 [0.09-0.16] <0.001

Overall mortality 3.83 [3.67-4.00] <0.001 9.83 [9.42-10.26] <0.001
Atrial fibrillation/flutter

(N =2,056,294)

Hospitalization 4.41 [4.37-4.45] <0.001 23.22 [21.66-24.89] <0.001
ED mortality 1.79 [1.51-2.13] <0.001 0.11 [0.02-0.79] <0.001

Overall mortality 8.38 [7.91-8.89] <0.001 27.14 [25.03-29.43] <0.001
Heart failure

(N =1,483,837)

Hospitalization 7.06 [6.98-7.13] <0.001 48.68 [44.12-53.70] <0.001
ED mortality 0.74 [0.66-0.84] <0.001 0.24 [0.11-0.50] <0.001

Overall mortality 5.65 [5.45-5.86] <0.001 13.71 [12.95-14.51] <0.001
Pulmonary Embolism

(N=627,547)

Hospitalization 4.61 [4.51-4.71] <0.001 28.44 [22.94-35.26] <0.001
ED mortality 0.40 [0.34-0.47] <0.001 0.17 [0.06-0.46] <0.001

Overall mortality 5.61 [5.38-5.86] <0.001 10.98 [10.16-11.87] <0.001
Cardiac arrest

(N=495,406)

Hospitalization 40.64 [39.22-42.12] <0.001 42.01 [35.19-49.21] <0.001
ED mortality 0.12 [0.11-0.12] <0.001 0.02 [0.01-0.03] <0.001

Overall mortality 0.43 [0.42-0.45] <0.001 0.20 [0.18-0.22] <0.001
Haemorrhagic stroke

(N =458,987)

Hospitalization 8.35 [8.20-8.50] <0.001 59.14 [57.32-61.03] <0.001
ED mortality 0.30 [0.28-0.32] <0.001 0.04 [0.03-0.05] <0.001

Overall mortality 2.79 [2.73-2.86] <0.001 2.01 [1.95-2.08] <0.001

Reference group is low HFRS score <5 for each CVD admission diagnosis.

Multivariable logistic regression model adjusted for: age, sex, weekend admission, primary expected payer, median household income, region and teach-

ing status of the hospital, dyslipidemia, smoking, thrombocytopenia, previous AMI, anemia, coagulopathies, liver disease, diabetes, hypertension, malig-

nancy, peripheral vascular disease, chronic pulmonary disease, chronic renal disease and valvular heart diseases.

aOR = adjusted odds ratio; CI = confidence interval; ED = emergency department; HFRS = hospital Frailty Risk Score.
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patients at either intermediate or high risk of frailty. This
outlines the importance of a frailty assessment in the ED,
where the HFRS can assist in highlighting at-risk
patients.34−36 Frailty and CVD are closely related; the
increasing age of the population and an improved survivor-
ship of patients with acute and chronic CVD leads to the
coexistence of CVD and frailty.37,38 CVD and frailty share
a bidirectional relation, with frailty associated with
increased odds of CVD and vice versa.5 It is important to
identify patients at risk of frailty for appropriate manage-
ment to prevent adverse complications and improve quality
of life.39 Moreover, frailty can be reversed, exemplifying
the need for early identification and optimization of risk
factors.40 Second, the coexistence of frailty and co-morbid-
ity among patients with CVD represents a challenge for
health care services through increased length of stay, total
costs, readmissions, and mortality. Knowledge of the trends
and outcomes of CVD in frail patients is important to
deliver improved care for this at-risk group. Finally, this
study prompts the early recognition and management of
CVD and frailty in the community, which could have an
impact on acute and unplanned encounters.41 The HFRS
could be used as an automated tool to flag patients at a
higher risk of frailty directly from their electronic health
records. Flagged patients can be prioritized for further clini-
cal assessment and optimization of risk factors.
This study includes several limitations inherent to the
NEDS database. First, coded databases are susceptible
to selection bias because of missing data, miscoding,
and misdiagnosis. Second, given that this is an observa-
tional study, confounding bias could not be eliminated,
despite the broad range of conditions covered by the
NEDS. Third, useful clinical information that could pro-
vide a more granular analysis, such as race and pharma-
cologic management of patients, are not available in the
NEDS. Most notably, previous studies have demon-
strated that race and ethnicity are factors associated with
inequality in access to care and increase risk of
frailty.42,43 Fourth, this analysis was based on US data,
which cannot be generalized to other countries and
health settings. Finally, a detailed analysis of longitudi-
nal outcomes could not be assessed because the NEDS
captures ED and in-hospital outcomes only.

In conclusion, ED encounters for CVD vary by frailty
status, with ischemic stroke being the most common cause
in high-risk patients, followed by hemorrhagic stroke and
AMI, and cardiac arrest is the most common encounter in
low-risk patients, followed by AF and AMI. Patient encoun-
ters for CVD in the ED have a high frailty burden, which is
associated with a worse prognosis, including the highest
overall mortality in patients with high HFRS, across most
CVD phenotypes. Future studies are warranted to define the
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Figure 3. Adjusted ED mortality rates for different frailty risk category and selected ED cardiovascular admission causes*. (A) ED mortality, (B) Overall

mortality. *Reference group is low HFRS score <5 for each CVD admission diagnosis. Multivariable logistic regression model adjusted for: age, gender,

weekend admission, primary expected payer, median household income, region and teaching status of the hospital, dyslipidemia, smoking, thrombocytope-

nia, previous AMI, anemia, coagulopathies, liver disease, diabetes, malignancy, peripheral vascular disease, chronic pulmonary disease, chronic renal disease

and valvular heart diseases.
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longitudinal association between frailty and mortality in
this setting.
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