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ABSTRACT
Background: Frailty is generally a marker of worse prognosis. The
impact of frailty on both in-hospital and long-term outcomes in ST-
segment-elevation myocardial infarction (STEMI) patients has not
been well described. Given this context, we aimed to determine the
prevalence and impact of frailty on in-hospital and 1-year outcomes in
STEMI patients undergoing primary percutaneous coronary interven-
tion (pPCI).
Methods: This retrospective study reviewed STEMI patients aged � 65
years who underwent pPCI at 1 of the 2 pPCI-capable hospitals at
Vancouver Coastal Health. A frailty index (FI) was determined using a
deficit-accumulation model, with those with an FI> 0.25 being defined
as frail. The primary outcome was 1-year all-cause mortality. The
secondary outcomes included in-hospital all-cause mortality, a com-
posite of adverse in-hospital outcomes (all-cause mortality, cardiogenic
shock, heart failure, reinfarction, major bleeding, or stroke), and the
individual components of the composite.
Results: A total of 1579 patients were reviewed, of which 228 (14.4%)
were determined to be frail. After multivariable adjustment, greater
frailty (ie, increasing FI) was associated with increased in-hospital all-
cause mortality (odds ratio [OR], 1.88; 95% confidence interval [CI],
1.50-2.35, P < 0.001), the composite adverse in-hospital outcome
(OR, 1.46; 95% CI, 1.27-1.68, P < 0.001), and 1-year all-cause mor-
tality (OR, 1.48; 95% CI, 1.10-2.00, P ¼ 0.011).
Conclusions: In a contemporary STEMI cohort of older patients
receiving pPCI, 1 in 7 patients were frail, with greater frailty being
independently associated with increased in-hospital and long-term
adverse outcomes. These findings highlight the need for the early
recognition of frailty and implementation of an interdisciplinary
approach toward the management of frail STEMI patients.
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R�ESUM�E
Contexte : La fragilit�e est g�en�eralement un marqueur de mauvais
pronostic. Les cons�equences de la fragilit�e sur l’�etat de sant�e des
patients hospitalis�es et sur l’�evolution de l’�etat de sant�e à long terme
après un infarctus du myocarde avec �el�evation du segment ST (STEMI)
ne sont pas bien �etablies. Nous avons donc cherch�e à d�eterminer la
pr�evalence et les cons�equences de la fragilit�e durant une
hospitalisation et après un an chez des patients ayant eu un STEMI et
devant subir une première intervention coronarienne percutan�ee (ICP).
M�ethodologie : Cette �etude r�etrospective visait à �evaluer les patients
de � 65 ans ayant pr�esent�e un STEMI et ayant subi une première ICP
dans l’un des deux hôpitaux de Vancouver Coastal Health capables
d’effectuer une telle intervention. Un indice de fragilit�e a �et�e �etabli à
l’aide d’un modèle d’accumulation de d�eficit, les patients ayant un
indice > 0,25 �etant d�efinis comme fragiles. Le critère d’�evaluation
principal �etait la mortalit�e toutes causes confondues après un an. Les
critères d’�evaluation secondaires comprenaient la mortalit�e toutes
causes confondues à l’hôpital, un critère compos�e regroupant les
r�esultats d�efavorables obtenus à l’hôpital (mortalit�e toutes causes
confondues, choc cardiog�enique, insuffisance cardiaque, nouvel
infarctus, h�emorragie majeure ou accident vasculaire c�er�ebral) et les
composants individuels du critère compos�e.
R�esultats : Au total, 1579 patients ont �et�e �evalu�es, dont 228 (14,4 %)
ont �et�e jug�es fragiles. Après un ajustement à variables multiples, une
plus grande fragilit�e (c.-à-d. une augmentation de l’indice de fragilit�e)
�etait associ�ee à une augmentation de la mortalit�e toutes causes
confondues à l’hôpital (rapport de cote [RC] : 1,88; intervalle de con-
fiance [IC] à 95 % : 1,50 à 2,35; p < 0,001), à des r�esultats
d�efavorables obtenus à l’hôpital selon le critère compos�e (RC : 1,46; IC
à 95 % : 1,27 à 1,68; p < 0,001) et à la mortalit�e toutes causes
confondues après un an (RC : 1,48; IC à 95 % : 1,10 à 2,00; p ¼
0,011).
Conclusions : Dans une cohorte contemporaine de patients âg�es
ayant pr�esent�e un STEMI et ayant subi une première ICP, un patient
sur sept �etait fragile, une plus grande fragilit�e �etant associ�ee de
manière ind�ependante à une augmentation des r�esultats d�efavorables
à l’hôpital et à long terme. Ces r�esultats soulignent la n�ecessit�e de
reconnaître rapidement la fragilit�e et de mettre en œuvre une appro-
che interdisciplinaire pour prendre en charge les patients fragiles
pr�esentant un STEMI.
Frailty is a state of increased vulnerability in which the body
has a decreased reserve to respond to stressors.1 This state, in
turn, leads to a higher chance of adverse events and mortality.
Although interest in frailty in the cardiac population has been
increasing, developing a unified approach that enables accu-
rate and reproducible identification of frailty has presented
difficulty.2 Several scores have been validated to identify
frailty,3-7 but many are difficult to implement into clinical
practice, especially in the setting of acute ST-segment-
elevation myocardial infarction (STEMI). Prior studies have
found frailty to be an independent predictor of adverse out-
comes in patients with acute coronary syndrome (ACS).8-14

Data, however, on the in-hospital impact of frailty in a
STEMI-specific population who have undergone primary
percutaneous coronary intervention (pPCI) are limited,15,16

and only one published study, with a small sample size, pre-
viously has assessed the long-term impact of frailty in this
specific population.9

Given the gaps in the literature, the specific objectives of
this analysis were as follows: (i) to determine the prevalence of
frailty in a modern STEMI population undergoing pPCI; (ii)
to describe the association of baseline frailty with major
adverse in-hospital events post-pPCI in STEMI patients; (iii)
to investigate the association of baseline frailty with 1-year
adverse outcomes post-STEMI discharge. We hypothesized
that frailty would be common and would be independently
associated with increased rates of in-hospital and 1-year
adverse outcomes.
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Methods

Study population

We performed a retrospective analysis of the Vancouver
Coastal Health (VCHA) STEMI database, which provides
prospective, population-based, granular pre- and in-hospital
information on all STEMI patients treated at the 2 PCI-
capable quaternary hospitals within the VCHA region.17,18

Hospital records also were reviewed for all included patients,
to provide additional information on frailty, functional status
(geriatric and paralleled health assessments), residential loca-
tion, and postdischarge long-term outcomes. We included all
patients aged � 65 years who were admitted with STEMI and
underwent pPCI between June 1, 2007 and September 1,
2020. We excluded patients who had presented with out-of-
hospital cardiac arrest and those who had received fibrino-
lytic therapy. The study was conducted according to the
Declaration of Helsinki and received institutional research
ethics board approval.

Definitions and outcomes

Frailty was measured using a frailty index (FI) that employs
a deficit-accumulation model that includes 31 variables
identified from the baseline data.7,19 A health deficit can be
defined as any health variable that increases with age and is
associated with death.7 These variables represented docu-
mented measures of cognition, functional status, psychological
state, and burden of comorbidities. A full table of the variables
is included in Supplemental Table S1. Variables were coded
dichotomously (0 for absent, 1 for present), with each patient
receiving a score between 0 and 31, and the FI was calculated
as the frailty score divided by 31. Frail patients were defined as
those with an FI > 0.25 (ie, frailty score � 8). Measures of
cognitive function and psychological state were obtained on
all patients from prior history or by reviewing assessment by
an allied health provider.

Patient place of residence (long-term care facility [LTCF]
or not) was documented from the admitting note of the
occupational therapist or geriatrician or from review of the
home address. An LTCF was defined as a facility being
documented as such under the British Columbia Health Care
(Consent) and Care Facility (Admission) Act.20

In-hospital heart failure was defined as the presence of
symptoms, physical findings, or imaging evidence of pulmo-
nary edema at the time of admission. In-hospital mortality was
defined as death from any cause. Cardiovascular (CV) mor-
tality was defined as a death resulting from an acute
myocardial infarction, sudden cardiac death, heart failure,
stroke, CV procedures, CV hemorrhage, or other CV cau-
ses.21 Cardiogenic shock was characterized as systolic blood
pressure < 90 mm Hg persisting for > 30 minutes. Major
bleeding was identified as a bleeding event that was associated
with significant blood loss (hemoglobin drop of � 30 g/L)
requiring transfusion of � 1 unit of packed red blood cells or
use of a procedural intervention to manage the bleeding. First
medical contact (FMC) was defined as the time at which the
patient was first evaluated by either emergency health services
or the earliest recorded time of assessment in the emergency
department, whichever was first.22 A prolonged reperfusion
time was defined as an FMC-to-device time of > 90 minutes
and > 120 minutes in PCI-capable and PCI-noncapable
hospitals, respectively, per the most-recent Canadian Car-
diovascular Society guidelines.22

The primary outcome was 1-year all-cause mortality. The
secondary outcomes included the following: in-hospital all-
cause mortality; a composite of adverse in-hospital outcomes
(all-cause mortality, cardiogenic shock, heart failure, rein-
farction, major bleeding, or stroke); and the individual com-
ponents of the composite.

Statistical analysis

Patients were grouped according to the presence of frailty
on admission. Continuous variables were reported as means
with standard deviation (SD), or medians with interquartile
range (IQR), and categorical values were reported as pro-
portions using percentages (%). Between-group comparisons
were performed using the KruskaleWallis test or analysis of
variance for continuous variables, and the c2 or Fisher’s
exact test for categorical variables, as appropriate. Unad-
justed and adjusted odds ratios (ORs) were calculated using
a logistic regression model. The impact of frailty was assessed
in a multivariable model performed for frailty as both a
binary variable (ie, frail vs nonfrail), as well as a continuous
variable (ie, greater frailty) with ORs expressed as per 0.1
unit increase in FI. Adjustment variables included the
following prognostically important clinical characteristics:
age, sex, heart failure on presentation, infarct territory,
prolonged reperfusion time, initial heart rate, and systolic
blood pressure.23 A sensitivity analysis was performed in
which the multivariable model was also adjusted for resi-
dency in an LTCF. Statistical significance was defined as a
P-value of < 0.05. All data were analyzed with Statistical
Analysis System (SAS) software, version 9.4 (SAS Institute,
Cary, NC).
Results

FI distribution

A total of 1579 patients were reviewed, of whom 228
(14.4%) were frail (Fig. 1). The median baseline FI of the
study population was 0.097 (IQR, 0.065-0.194), with a
median FI of 0.290 (IQR, 0.258-0.323) in the frail cohort,
and of 0.097 (IQR, 0.032-0.161) in the nonfrail cohort
(Fig. 2).

Baseline clinical characteristics

Table 1 displays the baseline demographics, comorbidities,
and presentation characteristics of the patients. Patients who
were frail more often presented with heart failure and/or
cardiogenic shock on arrival, experienced a greater incidence
of in-hospital cardiac arrest, and had longer FMC-to-device
time. No significant difference was present in the infarct
territory between the 2 groups. A total of 100 patients (6.3%)
were admitted from an LTCF, of whom 32 (32.0%) were
frail.

Medical management

Aspirin administration on presentation was similar be-
tween frail and nonfrail patients (Supplemental Table S2).



Figure 1. Study cohort derivation. PCI, percutaneous coronary intervention; STEMI, ST-segment-elevation myocardial infarction; VCHA, Vancouver
Coastal Health Authority.
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The 2 groups did not differ in terms of use of anticoagulant
therapy upon presentation. Frail patients, however, were less
likely to be started on a beta-blocker, an angiotensin-
converting enzyme inhibitor or angiotensin-receptor
blocker, and statin upon hospitalization. At discharge from
the hospital, frail patients were less likely to be referred to
cardiac rehabilitation and prescribed aspirin, but they were
more likely to be prescribed an anticoagulant.
Figure 2. Frailty index distribution among the study population. The frailty i
Outcome analysis

The unadjusted outcomes by frailty status are presented in
Table 2. Frailty was associatedwith increased rates of in-hospital
all-cause mortality (OR, 7.84; 95% confidence interval [CI],
5.19-11.84; P < 0.001), the composite adverse outcome (OR,
3.04; 95% CI, 2.28-4.06; P < 0.001), and 1-year all-cause
mortality (OR, 3.58; 95% CI, 1.97-6.49; P < 0.001).
ndex was calculated as the frailty score divided by 31.



Table 1. Baseline characteristics of the study population

Characteristic
All

(n ¼ 1579)

Frailty status

Frail
(n ¼ 228)

Nonfrail
(n ¼ 1351) P

Baseline demographics
Age, y

65e74 824 (52.2) 62 (27.2) 762 (56.4) < 0.001
75e84 486 (30.8) 90 (39.5) 396 (29.3)
� 85 269 (17.0) 76 (33.3) 193 (14.3)

Female sex 505 (32.0) 102 (44.7) 403 (29.8) < 0.001
Weight < 60, kg 278 (17.6) 63 (27.6) 215 (15.9) < 0.001
BMI > 30, kg/m2 201 (12.7) 35 (15.5) 166 (12.3) 0.199
Impaired mobility 310 (19.6) 130 (57.0) 180 (13.3) < 0.001
Functional dependence 386 (24.4) 134 (58.8) 252 (18.7) < 0.001
In an LTCF 100 (6.3) 32 (14.0) 68 (5.0) < 0.001
Baseline comorbidities
Cognitive impairment 135 (8.5) 72 (31.6) 63 (4.7) < 0.001
Anxiety/depression 181 (11.5) 82 (36.0) 99 (7.3) < 0.001
Polypharmacy 232 (14.7) 141 (61.8) 91 (6.7) < 0.001
Lung disease 229 (14.5) 92 (40.4) 137 (10.1) < 0.001
Liver disease 35 (2.2) 20 (8.8) 15 (1.1) < 0.001
CKD 280 (17.7) 127 (55.7) 153 (11.3) < 0.001
Dialysis dependence 17 (1.1) 15 (6.6) 2 (0.1) < 0.001
Prior MSK fractures 184 (11.7) 84 (36.8) 100 (7.4) < 0.001
Prior major bleeds 52 (3.3) 23 (10.1) 29 (2.1) < 0.001
Prior VTE 27 (1.7) 13 (5.7) 14 (1.0) < 0.001
Hemoglobin, < 100 g/L 57 (3.6) 23 (10.1) 34 (2.5) < 0.001
Life-limiting cancer 130 (8.2) 49 (21.5) 81 (6.0) < 0.001
Hypertension 1059 (67.1) 215 (94.3) 844 (62.5) < 0.001
Dyslipidemia 783 (49.6) 181 (79.4) 602 (44.6) < 0.001
Diabetes 392 (24.8) 112 (49.1) 280 (20.7) < 0.001
Current/recent smoker 249 (15.8) 57 (25.0) 192 (14.2) < 0.001
Prior stroke 177 (11.2) 68 (29.8) 109 (8.1) < 0.001
Prior heart failure 77 (4.9) 49 (21.5) 28 (2.1) < 0.001
Prior MI 306 (19.4) 106 (46.5) 200 (14.8) < 0.001
Prior PCI 229 (14.5) 83 (36.4) 146 (10.8) < 0.001
Prior CABG 61 (3.9) 29 (12.7) 32 (2.4) < 0.001
Prior PAD 82 (5.2) 44 (19.3) 38 (2.8) < 0.001
Prior AF 197 (12.5) 71 (31.1) 126 (9.3) < 0.001
Mechanical valves 5 (0.3) 3 (1.3) 2 (0.1) 0.024
PPM 9 (0.6) 1 (0.4) 8 (0.6) 0.776
ICD 3 (0.2) 2 (0.9) 1 (0.1) 0.056
Presentation characteristics
Initial heart rate, bpm, mean (SD) 76 (23) 80 (25) 75 (22) 0.007
Initial systolic BP, mm Hg, mean (SD) 139 (34) 132 (35) 141 (33) < 0.001
Initial hemoglobin, g/L, mean (SD) 137 (18) 128 (22) 138 (17) < 0.001
Initial creatinine, mmol/L, median

(IQR)
96 (79e114) 107 (85e 139) 94 (79e111) < 0.001

Heart failure on presentation 114 (7.2) 40 (17.6) 74 (5.5) < 0.001
Cardiogenic shock on arrival 96 (7.2) 31 (15.8) 65 (5.7) < 0.001
Anterior infarct 738 (46.7) 115 (50.4) 623 (46.1) 0.226
In-hospital arrest

Pre-angiogram 65 (4.1) 20 (8.8) 45 (3.3) < 0.001
Post-angiogram 60 (3.8) 28 (12.4) 32 (2.4)

FMC-to-device time, min, median
(IQR)

107 (87e 140) 119 (93e 156) 105 (86e 134) < 0.001

Unknown 58 (3.7) 2 (0.9) 56 (4.1) < 0.001
� 90/120 608 (38.5) 62 (27.2) 546 (40.4)
> 90/120 913 (57.8) 164 (71.9) 749 (55.4)

Values are n (%), unless otherwise indicated.
AF, atrial fibrillation; BMI, body mass index; BP, blood pressure; bpm, beats per minute; CABG, coronary artery bypass grafting; CKD, chronic kidney disease;

FMC, first medical contact; ICD, implantable cardioverter defibrillator; IQR, interquartile range; LTCF, long-term care facility; MI, myocardial infarction; MSK,
musculoskeletal; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; PPM, permanent pacemaker; SD, standard deviation; VTE, venous
thromboembolism.
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After multivariable adjustment, greater frailty severity upon
index STEMI hospitalization was significantly associated with
in-hospital all-cause mortality (OR, 1.88; 95% CI, 1.50-2.35;
P < 0.001), the composite adverse outcome (OR, 1.46; 95%
CI, 1.27-1.68; P < 0.001), and 1-year all-cause mortality
(OR, 1.48; 95% CI, 1.10-2.00; P ¼ 0.011; Fig. 3). An in-
dependent association was found between greater frailty and
the individual components of the composite, including in-
hospital major bleeding (OR, 1.31; 95% CI, 1.11-1.55;
P ¼ 0.001). In a sensitivity analysis in which the multivariable



Table 2. Unadjusted odds ratios (ORs) of in-hospital and 1-year outcomes by frailty status as a binary variable

Outcome

Frailty status

OR (95% CI) P
Frail

(n ¼ 228)
Nonfrail

(n ¼ 1351)

In-hospital
All-cause mortality 54 (23.9) 52 (3.9) 7.84 (5.19, 11.84) < 0.001
Composite adverse outcome 117 (51.3) 347 (25.7) 3.04 (2.28, 4.06) < 0.001
Major bleeding 46 (20.2) 157 (11.6) 1.92 (1.34, 2.77) < 0.001
FMC-to-device time < 0.001

> 90/120 min 164 (72.6) 749 (57.8) 1.93 (1.41, 2.63)
Cardiogenic shock 62 (27.4) 95 (7.1) 4.97 (3.47, 7.12) < 0.001
Heart failure 86 (38.2) 217 (16.1) 3.22 (2.37, 4.37) < 0.001
LVEF � 40% 99 (45.2) 394 (29.5) 1.97 (1.47, 2.63) < 0.001
Reinfarction 5 (2.2) 10 (0.7) 3.03 (1.03, 8.95) 0.05
Stroke 10 (4.4) 20 (1.5) 3.08 (1.42, 6.67) 0.004
Cardiac rehabilitation referral 112 (65.5) 995 (76.8) 0.58 (0.42, 0.82) 0.002

1-yearsb
All-cause mortality 17 (9.8) 38 (2.9) 3.58 (1.97, 6.49) < 0.001
CV mortality 7 (4.0) 22 (1.7) 2.42 (1.02, 5.76) 0.045
Major bleeding 15 (8.6) 65 (5.0) 1.78 (0.99, 3.20) 0.053
CV rehospitalization 50 (28.7) 324 (25.0) 1.21 (0.85, 1.72) 0.294

Values are n (%), unless otherwise indicated.
CV, cardiovascular; FMC, first medical contact; LVEF, left ventricular ejection fraction; pPCI, primary percutaneous coronary intervention; STEMI, ST-

elevation myocardial infarction.
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model was also adjusted for residency in an LTCF, the esti-
mated effect of greater frailty severity on adverse outcomes was
unchanged (Supplemental Fig. S1). When frailty was assessed
as a binary variable (ie, frail vs nonfrail) in the multivariable
model, frailty status remained significantly associated with
increased adverse in-hospital and 1-year outcomes
(Supplemental Table S3). To account for the impact of the
evolution of invasive strategies and antithrombotic therapies
during the study period, a time-stratified analysis of the major
outcomes of interest was performed according to the phases of
VCHA STEMI program implementation, as outlined previ-
ously and presented in Supplemental Table S4.24
Discussion
Prior work has demonstrated frailty to be an independent

risk factor for adverse outcomes in ACS patients, with these
studies using a variety of definitions for frailty.8-14 In this
study, we showed that frailty was common in our population
of STEMI patients receiving pPCI. Greater frailty was
demonstrated to be an independent predictor of adverse in-
hospital and 1-year outcomes. This study adds to the
limited body of evidence assessing the in-hospital impact of
frailty on STEMI outcomes in patients receiving pPCI, and it
is the largest study to evaluate the long-term implications of
frailty in a STEMI-specific population.

The high prevalence of frailty (14%) reported in our study
adds to the range of frailty prevalence (3% to 28%) reported in
prior literature assessing frailty in STEMI patients.9,15,16 In
these studies, frailty was expressed as a binary variable (frail or
not frail), using different cutoffs, tools, inclusion criteria, and
variable sample sizes. Specifically, the referenced studies used a
wide agecutoff in the overall included STEMI study popula-
tion, with patients as young as age 18 years included in one
analysis.15 However, we selected a large cohort of adults, with a
realistic age cutoff of � 65 years, with specific inclusion and
exclusion criteria, to evaluate frailty as both a binary and a
continuous variable using a model that has been validated
previously over a long follow-up period in postemyocardial
infarction patients.9,10,15,16 Furthermore, we focused on
frailty as a continuous variable, rather than as being binary, for
our multivariable analysis, as frailty is considered to lie on a
spectrum, and specific cutoffs to define this entity in one group
of patients may not apply to another group. With the multi-
system involvement of frailty,19,25 a frailty cumulative index
allows for its easier recognition, in addition to providing
increased flexibility in the index composition in different
clinical settings based on available resources and health records.
Future large-scale studies, similar to the Frailty-Aortic Valve
Replacement (FRAILTY-AVR) study in the aortic stenosis
population, are required to compare different frailty tools, to
determine which is best at predicting adverse outcomes in the
ACS population.26

This analysis has important implications for STEMI pa-
tients undergoing pPCI. First, the increased rates of adverse
in-hospital outcomes with greater frailty call for its early
recognition as an independent risk factor among patients
with coronary artery disease. Although establishing a uni-
form definition for frailty in clinical practice is challenging,
with up to 20 different tools having been used to measure
frailty,27 our study used the frailty deficit-accumulation
model to evaluate for frailty, as this tool recognizes that
frailty lies on a continuous spectrum, rather than being an
all-or-none phenomenon. Furthermore, phenotypic assess-
ment of frailty using other models, such as the Clinical
Frailty Score, in patients with acute illness is difficult, un-
reliable, and tends to predict mortality less well than do
deficit models.28 With that limitation in mind, the imple-
mentation of electronic medical records allows for frailty
accumulation-deficit models potentially to be built into
electronic medical records, to allow for early and easy iden-
tification of these individuals. This modality has been uti-
lized previously as a successful strategy for identifying frailty
in primary care.29 Early recognition of patients with frailty
could lead to an increase in comprehensive, interdisciplinary
care for these patients, which may decrease the incidence of



Figure 3. Adjusted odds ratios of in-hospital and 1-year outcomes by degree of frailty. Composite outcomes include all-cause mortality, cardiogenic
shock, heart failure, reinfarction, major bleeding, and stroke. The odds ratios were adjusted for age, sex, heart failure on presentation, infarct
territory, first-medical-contact-to-device time > 90 (or 120) minutes, initial heart rate, and systolic blood pressure. CI, confidence interval; CV,
cardiovascular.
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subsequent acute coronary events, although more evidence is
required to show modification of outcomes.

Second, we showed that in addition to greater frailty
severity putting STEMI patients at an elevated risk for adverse
short-term outcomes, this risk also seems to persist post-
discharge, largely due to the competing risk imposed by non-
CV comorbidities in these individuals. In a recent analysis of
over 3 million outpatient US veterans aged � 65 years, both
the presence and severity of frailty was tightly correlated with
CV death over time, independent of underlying CV disease.30

We extend these findings to STEMI patients by showing the
association of greater frailty with increased all-cause mortality
at 1 year, with a similar trend being seen for CV mortality,
although it did not reach statistical significance, given the low
number of cardiac deaths. Our results are in keeping with
those reported by Yoshioka et al., who found that greater
frailty severity, as determined by the Canadian Frailty Scale,
was associated with higher 1-year all-cause mortality in a small
cohort of STEMI patients.9 These findings are not surprising,
as frailty is a multidimensional condition affecting different
organ systems in addition to cognitive and functional do-
mains, all of which can lead to noncardiac mortality. This
possibility underlines the need for routine assessment and
global optimization of frail patients in longitudinal, interdis-
ciplinary clinics, involving experts in geriatrics, nutrition,
physiotherapy, and social supports, all of which are considered
areas of potential vulnerability for these individuals.

Third, our data shed light on the importance of incorpo-
rating frailty-status assessment in the evaluation of adults
being considered for pPCI. Such assessment is important, as
recognizing frailty and the associated risk of adverse outcomes
in these individuals may help guide an informed, shared
decision-making process about revascularization among pa-
tients and care providers. Lastly, greater frailty was associated
with increased incidence of major in-hospital bleeding, in
keeping with the findings reported by Borovac et al.,16 which
suggest the need for potential risk-reducing strategies in the
care of patients with frailty, including careful attention to
renal dosing of antithrombotics, use of a proton-pump in-
hibitor, and use of radial access whenever possible.31,32

We are aware that our study has some limitations. First,
given that this study is retrospective, causation cannot be
inferred. Second, we are aware that our sample is from a
single-region study population, although rigorous chart review
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was performed, allowing for the collection of data that may
not be obtainable through administrative data collection.
Third, our study included those patients with frailty who
underwent pPCI, which may introduce an element of
recruitment bias, as some frail STEMI patients may not be
deemed suitable to undergo pPCI. Fourth, our FI did not
include phenotypic parameters, such as gait speed, as variables,
which would have added to the accuracy of our model.
Despite this, assessment of patient phenotype in the context of
a STEMI event is not reliable, and it may be affected falsely
relative to the patient’s true baseline. Lastly, frailty was
assessed only at a single point at the time of the index STEMI
event, and therefore, changes in frailty status over time are not
known. Even given these limitations, our study presents novel
findings that can be beneficial to the scientific community and
in the care of STEMI patients. We welcome confirmation of
these findings by other investigations around the world that
have different healthcare and social systems.
Conclusion
In a contemporary model of STEMI patients receiving

pPCI, frailty is prevalent and it is independently associated
with increased adverse in-hospital and long-term outcomes.
These results highlight the significant need to identify frailty,
as doing so provides potential opportunities for clinicians to
improve the care and outcomes of this vulnerable population.
Ongoing research is needed to study interventions, both
medical and by means of multidisciplinary care, to improve
outcomes in patients with frailty.
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