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Study objective: Older adults presenting to the emergency department (ED) are at high risk of adverse health outcomes. This
study aimed to evaluate the accuracy of 4 frequently used screening instruments for the prediction of adverse health outcomes
among older adults in the ED.

Methods: This was a prospective cohort study in patients �70 years of age presenting to the ED in 2 hospitals in the
Netherlands. Screening instruments included the acutely presenting older patient screening program (APOP) (providing 2 risk
scores—functional decline [APOP1] and mortality [APOP2]), the International Resident Assessment Instrument Emergendy
Department screener (InterRAI ED), the Identification of Seniors At Risk-Hospitalized Patients (ISAR-HP), and the safety
management system (VMS). The primary outcome measure was a composite outcome encompassing functional decline,
institutionalization, and mortality at 3 months after ED presentation. Other follow-up time points were 1 and 6 months. Analyses
were performed to assess prognostic accuracy.

Results: In total, 889 patients were included. After 3 months, 267 (31%) patients experienced at least 1 adverse outcome. The
positive likelihood ratio ranged from 1.67 (VMS) to 3.33 (APOP1), and the negative likelihood ratio ranged from 0.41 (ISAR-HP) to
0.88 (APOP2). Sensitivity ranged from 17% (APOP2) to 74% (ISAR-HP), and specificity ranged from 63% (ISAR-HP) to 94% (APOP2).
The area under the curve ranged from 0.62 (APOP2) to 0.72 (APOP1 and ISAR-HP). Calibration was reasonable for APOP1 and
VMS. The prognostic accuracy was comparable across all outcomes and at all follow-up time points.

Conclusion: The frailty screening instruments assessed in this study showed poor to moderate prognostic accuracy, which brings
into question their usability in the prediction of adverse health outcomes among older adults who present to the ED. [Ann Emerg
Med. 2021;-:1-11.]
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INTRODUCTION
Optimizing emergency care for the aging population is a

challenge. Older patients are overrepresented in the
emergency department (ED), and the number of visits this
population makes to the ED is rapidly increasing.1,2 Older
patients stay longer at the ED, are more likely to be
hospitalized, and have a higher rate of adverse health
outcomes after ED visits compared to younger patients.1,3-5

Therefore, international guidelines recommend screening
- : - 2021
for frailty in the ED.6-9 Frailty is often defined as an aging-
related syndrome that encompasses a state of decline in
multiple physiological systems accompanied by an
increased vulnerability to stressors, leading to an increased
risk of adverse health outcomes such as falls, functional
decline, hospitalization, institutionalization, and
mortality.3-5,10

Older patients at risk for adverse health outcomes are the
target population for geriatric interventions. In geriatric
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Accuracy of Four Frequently Used Frailty Instruments van Dam et al
Editor’s Capsule Summary

What is already known on this topic
Emergency departments have been urged to screen
geriatric patients for frailty.

What question this study addressed
How accurate are 4 popular frailty screening
instruments?

What this study adds to our knowledge
In this prospective head-to-head comparison in 889
geriatric patients, the 4 instruments displayed
prognostic accuracy parameters well below thresholds
reliable enough for clinical use.

How this is relevant to clinical practice
These 4 geriatric frailty screening instruments are too
inaccurate for reliable clinical use.
emergency medicine, frailty is operationalized by
identifying the patients at increased risk of adverse health
outcomes.3,11,12 Since it is not feasible to perform geriatric
interventions in all older adults at the ED, frailty screening
has been developed to identify the target population that
would presumably benefit the most from a full
comprehensive geriatric assessment or other geriatric
interventions at the ED or during early hospital
admission.1,3,11,13-15 Recently, the assessment of overall
effectiveness of frailty screening was listed as the highest
priority on the research agenda of geriatric emergency
medicine because the most appropriate instrument for the
ED is still undetermined.1,11,14,16

Many screening instruments were developed for
hospitalized patients but are used in the ED—for example,
the Identification of Seniors At Risk-Hospitalized Patients
(ISAR-HP)17 and the safety management system (VMS).18

Recently, researchers developed web-based applications
with algorithms to improve the practical use of the
screeners in the ED: the acutely presenting older
patient19,20 (APOP) screening program and the
International Resident Assessment Instrument (InterRAI)
ED screener.21

Only a few studies have directly compared different
screening instruments in the ED with regard to prediction
of adverse health outcomes.14,22-24 Length of stay during
hospital admission, readmission to the ED, and mortality
are frequently studied outcome measures, but other
clinically relevant outcome measures, such as functional
decline and institutionalization, have been investigated less
2 Annals of Emergency Medicine
often.12,25 The follow-up durations of earlier studies were
limited and varied between studies, complicating a direct
comparison between instruments.11,25

The predictive nature of screening instruments for frailty
calls for evaluation of predictive accuracy and external
validation of the prediction models. However, in contrast
to information on diagnostic accuracy, results on predictive
accuracy and external validation are scarce.11 This study
aimed to evaluate the prognostic accuracy of 4 frequently
used screening instruments for frailty in older adults in 2
Dutch EDs with a follow-up duration of 6 months.
MATERIALS AND METHODS
Study Design

This prospective cohort study—the Amsterdam
Geriatric Emergency Medicine study (AmsterGEM)—was
conducted in the EDs of 2 Dutch hospitals: a tertiary
academic hospital (Amsterdam UMC, location VUmc) and
a general community hospital (Amstelland Hospital in
Amstelveen). Data were collected from November 2017
until June 2018, daily during office hours and on limited
numbers of evenings and weekend days. All participants or
their legally authorized representatives provided written
informed consent. The study was approved by the medical
ethical board of Amsterdam UMC, location VUmc. Local
approval was received from the Amstelland Hospital.

Participants
All patients aged �70 years attending the ED when the

researchers were present were screened for eligibility.
Exclusion criteria were high-urgency status (code red
according to the Manchester Triage System26), a language
barrier, and the inability to give informed consent (eg, due
to altered mental status in the absence of a caregiver who
could provide informed consent by proxy).

Data Collection
Data were collected by chart review and interviews with

patients and their caregivers in the ED. All of the student
researchers who collected the data received detailed
information on the study design and the screening
instruments and instructions on data collection. The
student researchers were extensively trained by a team of
geriatric consultants. Moreover, random quality checks
were carried out during the data collection.
Sociodemographic data and care-related data were obtained
at baseline, including living situation, number of
prescriptions, and Charlson Comorbidity Index score.27

Physical status was assessed using the Katz Index of
Independence in Activities of Daily Living,28 with scores
Volume -, no. - : - 2021
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ranging from 0 to 6 (with a score of 0 indicating
independence). Cognitive status was assessed using the
domain “delirium” from the VMS. In line with the original
studies of the instruments, the physical and cognitive status
2 weeks prior to the ED visit was obtained to rule out
interference of the acute illness.17-19,21

All patients were screened using all 4 screening
instruments at baseline. Screening instruments were
considered positive based on their original cut-off values. A
detailed overview of each instrument can be found in
Table E1 (available at http://www.annemergmed.com).

Acutely Presenting Older Patient Screener
The APOP screener is an application based on an

algorithm and developed and validated in the
Netherlands.19 The APOP screener shows 2 percentages:
one that indicates the risk of functional decline within the
next 3 months and one that indicates the risk of mortality,
in this paper referred to as APOP1 and APOP2,
respectively. The cut-off value indicating the need for
further geriatric assessment was recommended as having a
risk of �50% for functional decline or a risk of �25% for
mortality.19 During this study, the APOP consortium
released an optimized version.20 At that time, we had
already assessed patients using the first version; therefore,
we decided to continue with this version. The optimized
version consists of nearly the same variables and shows
comparable predictive properties.20

InterRAI ED Screener
The InterRAI ED screener is also an application based

on an algorithm, developed in a multicenter multinational
cohort study.21 The InterRAI ED screener stratifies
patients into 3 groups: those at low, intermediate, and high
risk of adverse health outcomes. Further assessment and
interventions are recommended in patients with high risk
(score �5).

Identification of Seniors at Risk-Hospitalized Patients
(ISAR-HP)

The ISAR-HP was developed in a Dutch cohort study of
hospitalized patients.17 A score of �2 is the cut off value for
a positive score, indicating an increased risk of adverse
health outcomes (frail).

Safety Management System (VMS)

The VMS was also developed in a Dutch cohort study of
hospitalized patients.18 For patients aged 70 to 80 years, a
score of �3 indicates frailty; in patients aged �80 years, a
score of 1 indicates frailty.
Volume -, no. - : - 2021
Outcome Measurements and Follow-up
Outcome measures were functional decline,

institutionalization, and mortality. The primary outcome
measure was a composite outcome including all three
outcome measures at 3 months after ED presentation. The
composite outcome was dichotomous and was considered
positive if any adverse health outcome had occurred by the
follow-up time point. Follow-up data were collected by
student researchers, who were not blinded to baseline data
or details of the screening instruments. The student
researchers were not involved in the care of these patients.
Data on institutionalization and mortality were extracted
from the electronic health record and cross-referenced with
the general practitioner or caregiver. Follow-up information
on functional status was obtained by telephone after 1, 3,
and 6 months using a standardized charting form. If the
patient was unreachable after 5 attempts by telephone,
follow-up data was obtained from the general practitioner.
If applicable, the patient was called again at the next follow-
up time point.

Functional decline was defined as an increase of 1 or
more points in Katz Index of Independence in Activities
of Daily Living score compared with baseline. The
patient was considered institutionalized if he or she lived
at home during baseline but had to stay elsewhere
during follow-up (eg, in a nursing home, rehabilitation
center, or contemporary health institute). Mortality data
was extracted from the electronic health record and
cross-referenced with the general practitioner or caregiver.
Similarly, the follow-up outcomes ascertained by
telephone were cross-referenced with the electronic health
record.
Statistical Analysis
Baseline characteristics and descriptive statistics are

described as means (standard deviations) or, in case of
skewed distribution, medians (interquartile ranges).
Prognostic accuracy was evaluated using sensitivity,
specificity, and likelihood ratios, calculated using
classification tables. Discrimination was quantified by the
area under the receiver operating curve (AUC-ROC) and
area under the precision-recall curve (AU-PRC) because of
an imbalanced distribution of the outcome.29,30

Calibration was assessed by calibration plots with loess
smoothing due to the binary outcome.31

There are three subgroup analyses performed: one on
hospitalized patients, one on patients that were not
institutionalized at baseline (e.g. not living in an institution
when they presented at the ED) and one on prolonged
length of stay as outcome measure.
Annals of Emergency Medicine 3
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All statistical analyses were performed with SPSS version
26 (IBM Corp, Armonk, NY, USA) and R version 3.6
(R Foundation for Statistical Computing, Vienna,
Austria).32 A P value <.05 was considered statistically
significant.

RESULTS
Patients

In total, 1,601 patients were screened for eligibility, and
712 were excluded (Figure 1). Most patients (n¼404) were
excluded because no informed consent was given, often due
Figure 1. Study pop
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to the absence of a caregiver who could provide consent
when the patient was too ill or confused. The exact number
of patients with informed consent by proxy was not noted.
Furthermore, 134 patients were unapproachable, according
to the medical staff at the ED (eg, patients who had just
received bad news or patients in extreme pain). An
additional 96 were excluded due to their limited length of
stay at the ED (these were patients who were admitted to
the hospital or transferred to different hospitals before the
researcher could approach them). No reason of exclusion
was reported for 11 patients. A total of 889 patients were
ulation flowchart.
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Table 2. Adverse health outcomes at 1-, 3-, and 6-month follow-up.

Outcome measure
1 Month
n[870

3 Months
n[851

6 Months
n[790

Composite outcome 269 (31) 267 (31) 280 (35)

Mortality 38 (4) 76 (9) 107 (14)

Functional decline 189 (22) 123 (15) 105 (13)

Institutionalization 98 (11) 112 (13) 107 (14)

Numbers are displayed as n (%). Numbers are cumulative except for functional
decline. Functional decline is defined as a decrease of �1 point in Katz Index of
Independence in Activities of Daily Living score compared to baseline and displayed
as a percentage of total population at follow-up.

van Dam et al Accuracy of Four Frequently Used Frailty Instruments
included. Follow-up information was available for 98% of
the patients at 1 month, 96% at 3 months, and 89% at 6
months.

Baseline Characteristics
The median age of patients was 78 years (Table 1). Most

patients were activities of daily living-independent and
lived alone without any home care. The APOP screener
indicated that 20% of the patients were at high risk of
functional decline and almost 10% were at high risk of
mortality. The InterRAI ED screener identified one fourth
of the patients as frail with the need for further assessment,
and the ISAR-HP and VMS identified half of the patients
as frail. Table E2 (available online at http://www.
annemergmed.com) shows the distribution of scores for
each instrument.

Adverse Health Outcomes
Of all patients, 31% experienced an adverse health

outcome within 1 month after ED presentation; this
increased slightly to 35% at 6 months (Table 2). Mortality
increased at each follow-up time point, from 4% at 1
month to 9% at 3 months and 14% at 6 months. The
prevalence of functional decline was highest at 1 month
Table 1. Baseline characteristics.

Characteristics Total N[889

Age in years, median [IQR] 78 [73-83]

Male 467 (48)

Education after age of 14 years 679 (77)

Living situation

Home without home care 463 (52)

Home with home care* 367 (41)

Other† 59 (7)

Katz Index of Independence in Activities of

Daily Living score, median [IQR]

0 [0-1]

Self-reported memory problems 189 (21)

Charlson Comorbidity Index, median [IQR] 5 [4-6]

Number of prescriptions, median [IQR] 5 [3-7]

Included outside office hours 97 (13)

Screening instrument scored positive

APOP1—risk of functional decline 181 (20)

APOP2—risk of mortality 80 (9)

InterRAI ED screener 205 (23)

ISAR-HP 441 (50)

VMS 387 (44)

IQR, interquartile range.
Numbers are displayed as n (%) unless otherwise specified.
*Including household help.
†Including nursing home, rehabilitation institute, post acute care unit.
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follow-up, and it decreased at the 3- and 6-month time
points. Institutionalization remained more or less stable.
Figure 2 illustrates the composition of the composite
outcomes by showing the overlap of each outcome
component.

In the next sections, we describe only the results for the
outcomes at 3 months. That is, only the results for the
primary outcome measure will be summarized in the text.
The results of individual outcomes are presented in the
tables. Results at the 1- and 6-month follow-up time points
are presented in Tables E3 and E4.

Prognostic Accuracy
As shown in Table 3, the overall sensitivity of all 4

instruments was low; the maximum sensitivity for the
composite outcome was 74% (95% confidence interval [CI]
68% to 79%), for the ISAR-HP. The maximum specificity
was higher—94% (95% CI 92% to 96%), for APOP2.
Figure 3 shows the proportion of predicted adverse health
outcomes versus observed adverse health outcomes. The false
negative percentages ranged from 9% (ISAR-HP) to 27%
(APOP2); the false positive percentages ranged from 4%
(APOP2) to 25% (ISAR-HP). This means that with the
lowest false negative percentage (ISAR-HP), 27% of all
patients with adverse health outcomes were not frail
according to the screening instrument, while the lowest false
positive percentage (APOP2) still marked 38% of the patients
as frail without the occurrence of adverse health outcomes.
The correctly predicted percentages (both frail and not frail)
ranged from 63% (VMS) to 72% (APOP1 and InterRAI ED
screener). APOP1 had the highest positive likelihood ratio
(LR) (3.33, 95% CI 2.57 to 4.44). ISAR-HP had the best
negative LR (0.41, 95% CI 0.34 to 0.52) (Table 3).

Discrimination was assessed using the AUC. The AUC-
ROC of all screening instruments was poor to moderate
(Table 3), ranging from 0.62 (95% CI 0.58 to 0.66)
(APOP2) to 0.72 (95% CI 0.69 to 0.76) (APOP1 and
ISAR-HP). We also constructed precision-recall curves
Annals of Emergency Medicine 5
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Figure 2. Distribution of adverse outcomes. A, adverse outcomes at 1-month follow-up. B, adverse outcomes at 3-month follow-up.
C, adverse outcomes at 6-month follow-up. Functional decline was defined as a decrease of�1 point in Katz Index of Independence
in Activities of Daily Living score compared to baseline and displayed as percentage of total population at follow-up. The composite
outcome was considered positive if any adverse health outcome had occurred by the follow-up time point.

Table 3. Prognostic accuracy for adverse health outcomes at 3-month follow-up.

N[851 Sensitivity Specificity LRD LR- AU-ROC AU-PRC

Composite outcome

APOP1 40 (34-46) 88 (85-91) 3.33 (2.57-4.44) 0.68 (0.62-0.76) 0.72 (0.69-0.76) 0.55

APOP2 17 (13-22) 94 (92-96) 2.83 (1.92-4.56) 0.88 (0.83-0.93) 0.62 (0.58-0.66) 0.45

InterRAI ED Screener 44 (38-50) 86 (83-89) 3.14 (2.45-4.02) 0.65 (0.58-0.73) 0.71 (0.67-0.75) 0.50

ISAR-HP 74 (68-79) 63 (59-67) 2.00 (1.75-2.28) 0.41 (0.34-0.52) 0.72 (0.68-0.76) 0.51

VMS 60 (54-66) 64 (60-68) 1.67 (1.44-1.94) 0.63 (0.53-0.73) 0.70 (0.66-0.73) 0.53

Mortality

APOP1 37 (26-49) 81 (78-84) 1.95 (1.42-2.74) 0.78 (0.65-0.93) 0.68 (0.62-0.74) 0.27

APOP2 22 (14-33) 92 (90-94) 2.90 (1.78-4.71) 0.85 (0.74-0.95) 0.65 (0.58-0.71) 0.23

InterRAI ED Screener 50 (38-32) 79 (76-82) 2.38 (1.87-3.17) 0.63 (0.50-0.79) 0.71 (0.65-0.76) 0.25

ISAR-HP 76 (65-85) 54 (50-57) 1.65 (1.43-1.92) 0.44 (0.29-0.66) 0.68 (0.62-0.74) 0.25

VMS 59 (47-70) 58 (55-62) 1.40 (1.16-1.75) 0.71 (0.53-0.92) 0.66 (0.60-0.73) 0.24

Functional decline

APOP1 37 (28-46) 85 (82-88) 2.47 (1.84-3.37) 0.74 (0.65-0.85) 0.67 (0.62-0.72) 0.26

APOP2 13 (8-20) 94 (91-95) 2.17 (1.18-3.56) 0.93 (0.86-1.00) 0.59 (0.53-0.64) 0.23

InterRAI ED Screener 33 (25-42) 82 (79-85) 1.83 (1.39-2.55) 0.82 (0.71-0.92) 0.66 (0.63-0.71) 0.18

ISAR-HP 70 (61-78) 60 (56-64) 1.75 (1.50-2.03) 0.50 (0.38-0.66) 0.68 (0.63-0.73) 0.25

VMS 59 (50-68) 62 (58-66) 1.57 (1.32-1.88) 0.65 (0.52-0.82) 0.64 (0.59-0.70) 0.24

Institutionalization

APOP1 50 (40-60) 86 (83-89) 3.57 (2.78-4.72) 0.58 (0.48-0.70) 0.72 (0.70-0.77) 0.36

APOP2 18 (11-26) 94 (92-95) 3.00 (1.73-4.64) 0.87 (0.80-0.96) 0.57 (0.51-0.63) 0.21

InterRAI ED Screener 50 (40-60) 84 (91-97) 3.13 (2.41-4.01) 0.60 (0.49-0.72) 0.66 (0.61-0.72) 0.12

ISAR-HP 76 (67-83) 58 (54-62) 1.81 (1.58-2.08) 0.41 (0.30-0.58) 0.69 (0.64-0.74) 0.25

VMS 67 (57-76) 62 (57-66) 1.76 (1.52-2.10) 0.53 (0.40-0.69) 0.68 (0.63-0.74) 0.25

LRþ, positive likelihood ratio; LR-, negative likelihood ratio.
Numbers are presented as % (95% CI). Baseline precision-recall curve: mortality 0.17, functional decline 0.17, institutionalization 0.15, composite outcome 0.33.
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Figure 3. The proportion of predicted adverse health outcomes versus observed outcomes. True negative reflects the percentage
of total population with a negative screening result and no adverse health outcomes. True positive reflects the percentage of total
population with a positive screening result and one or more adverse health outcomes. False negative reflects the percentage of
total population with a negative screening result but one or more adverse health outcomes. False positive reflects the percentage of
total population with a positive screening result and one or more adverse health outcomes. Correctly predicted reflects the
percentage of total population with screening result in concordance with experienced health outcomes.

van Dam et al Accuracy of Four Frequently Used Frailty Instruments
(Table 3, Figure E1, [available online at http://www.
annemergmed.com]) because of imbalanced
classification—the majority of the patients experienced no
adverse health outcomes. The AU-PRC ranged from 0.45 to
0.55 (with a baseline of 0.33 indicating random
discrimination for the composite outcome and 1 reflecting a
perfect discrimination).

Calibration plots showed a poor calibration for APOP2,
the InterRAI ED screener, and ISAR-HP (Figure 4).
Calibration was reasonable for APOP1 and VMS, but with
a wide confidence interval. This result is also illustrated in
Figure E2 (available online at http://www.annemergmed.
com), showing an increasing prevalence of adverse health
outcomes with higher scores on the screening instrument
for APOP1 and VMS—in contrast to APOP2, the
InterRAI ED screener, and ISAR-HP, which showed a
discordant prevalence of adverse health outcomes.
Subgroup Analyses
Subgroup analyses were performed: without nursing

home patients, only hospitalized patients, and with a
Volume -, no. - : - 2021
prolonged length of stay as outcome measure (Tables E5 to
E8). These different groups also showed poor to moderate
results with regard to prognostic accuracy.
LIMITATIONS
Our study has limitations. First, we selected only 4

instruments, including ISAR-HP and VMS, which were
developed for hospitalized patients. Yet, in the Netherlands,
it is compulsory to use these instruments at hospital
admission, which makes it efficient to use the same
instruments in the ED. Second, we only used the cut-off
values of the original studies, to reflect their use in daily
practice. However, we believe that different cut-off values
would not change our conclusions; the ROC, PRC, and
calibration plots were not based on cut-off values but on the
gradual scores of the instruments, and these tests showed
comparable poor to moderate results. Third, recall bias on
functional decline might have occurred, since one fifth of all
patients reported memory problems. However, we believe
that recall bias was limited due to the clear definition of the
Katz Index of Independence in Activities of Daily Living
Annals of Emergency Medicine 7
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Figure 4. Calibration plot for the composite outcome at 3 months. This figure shows the prediction of the screening instrument on
the x-axis and the composite outcome of the y-axis. Loess smoothing is used to estimate the observed probabilities of the outcome
in relation to the predicted probabilities reflecting in the red line with the grey area as the confidence interval.33 The black line is
the 45� line of perfect prediction. APOP ¼ Acutely Presenting Older Patient, APOP1 ¼ APOP screener positive for functional decline
(risk within 3 months � 50%) APOP2 ¼ APOP screener positive for mortality (risk within 3 months � 25%), composite outcome:
mortality, functional decline, and institutionalization, ISAR-HP ¼ Identification of Seniors at Risk – Hospitalized Patients, VMS ¼
Safety Management System

Accuracy of Four Frequently Used Frailty Instruments van Dam et al
questions which were used to assess functional status.
Additionally, telephonic follow-up is commonly used with
this population, and the prevalence of adverse outcomes in
this study is consistent with the literature. Finally, our
primary outcome was a composite outcome, so that our
results could be compared with those of the original studies
and other validation studies.18-20,23,38,43 A pitfall of using
composite outcomes is that their results might be driven by
components of lesser importance. As our Venn diagram
shows, all outcomes contributed more or less equally to the
composite outcome at the 3- and 6-month follow-up time
points. Because mortality, functional decline, and
institutionalization might not be equally important to
patients and clinicians, we also reported on the outcomes
individually.

Further research is needed on the effectiveness and
feasibility of a total screening program (including
interventions as a comprehensive geriatric assessment and
advance care planning) by frailty screening selected
group.11,16 We suggest further research on the prognostic
accuracy and implementation of the clinical opinion (eg,
the Clinical Frailty Scale44 as a standardized clinical
8 Annals of Emergency Medicine
opinion) to evaluate its applicability. Also, a 2-step
approach for use of screening instruments can be
investigated (eg, one with a high negative predictive value
and, subsequently, one with a high positive predictive
value). This might result in a better identification of older
patients at risk.
DISCUSSION
This study confirmed that a substantial proportion of

older adults in the ED are at risk for adverse health
outcomes after their ED visits. This observation supports
the concept of frailty screening in the ED to identify those
at risk as a target population for geriatric interventions.
However, our observations illustrate that frequently used
screening instruments have poor to moderate prognostic
accuracy for adverse health outcomes up to 6 months after
ED presentation.

None of the investigated instruments stands out or
can be recommended. The results were comparable
across all outcomes and at all follow-up time points.
The correctly predicted percentage (both frail and not
Volume -, no. - : - 2021
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frail) seemed reasonable but depended strongly on the
prevalence of the outcome. The AU-ROC and AU-
PRC—which account for prevalence—were poor to
moderate. This was also illustrated by other clinically
useful parameters: the lowest false negative percentage
reflected that 27% of the patients with adverse health
outcomes were not frail according to the screening
instrument, while the lowest false positive percentage
still marked 38% of the patients as frail without the
occurrence of adverse health outcomes. Calibration
seemed moderate for APOP1 and VMS but showed
wide confidence intervals.

The prevalence of frailty and adverse health outcomes
observed in our cohort is consistent with rates seen in
previous literature.1,17,18-23,33-35 Compared with the
original and other validation studies of the screening
instruments, our study showed worse prognostic
accuracies.17-21,33,36-38 Possible explanations for the worse
results are differences in outcome measurements,
population characteristics, and health care systems.11,33 For
example, the ISAR-HP has not been evaluated for
institutionalization, and the InterRAI ED screener has not
been evaluated for mortality.17,21,33,38 Differences in
population characteristics were age, living situation, and
admission status. The original study of the ISAR-HP
included patients aged 65 years and older, and that of the
InterRAI ED screener included patients aged 75 years and
older.17,21 In our study, we included all patients presenting
to the ED, including those sent home after their ED visits,
while other studies only included admitted patients.17,18,36

However, additional analyses in admitted patients showed
similar results. Nursing home patients were also included in
our study, but these patients were already institutionalized
at baseline and could not experience the adverse health
outcome of institutionalization during the follow-up
period. Again, a subgroup analysis of predictive accuracy
with the exclusion of nursing home patients did not show
different results.

In line with our observations, previous studies
investigating the prognostic accuracy of other frailty
screening instruments (eg, Identification of Seniors At Risk
or Triage Risk Screening Tool) and other adverse health
outcomes showed poor to moderate accuracy.11,14,22-24,33,39

Calibration plots and precision-recall curves have not been
frequently reported in studies on these instruments.

Frailty might to be too extensive to determine with
standardized and quick instruments.11,33 The calibration
results do indicate that a higher score has a higher
probability of an adverse outcome. Additionally, the
individual components of the screening instruments (eg,
age, functional status, living situation, falls) are known to
Volume -, no. - : - 2021
be associated with adverse health outcomes. However,
despite this association, accurate prediction for individual
patients seems almost impossible. Therefore, the goal of
frailty screening in the ED can shift, from predicting
adverse health outcomes to creating awareness about this
vulnerable population among health care professionals.
Implementation of routine frailty screening can force
physicians to evaluate the functional status and treatment
goals of older adults already in an early phase at the ED.
Frailty screening can warrant awareness about the care
needs of this vulnerable population and trigger beneficial
interventions, such as a comprehensive geriatric
assessment.5,12,15,40-42 The choice of a certain instrument
should be based on its practical abilities that fit the local
aim and that support purposeful care for older adults in the
ED. Frailty screening results of specific instruments should
be thoughtfully interpreted in daily practice and should not
lead clinical decisions because of their poor to moderate
prognostic accuracy on an individual patient level.42

Our study is one of the few large cohort studies to
directly compare multiple screening instruments with a
follow-up duration of up to 6 months and to report
extensively on overall predictive performance,
discrimination, and calibration (instead of only diagnostic
characteristics). We also included a wide range of patients
(from nursing home patients to community-dwelling
patients and patients who presented for all specialties at the
ED), making this a generalizable population.

In conclusion, this study confirmed the increased risk of
adverse health outcomes in older adults presenting to the
ED, which seems to justify the use of frailty screening
instruments to identify a target population for geriatric
interventions. However, the frailty screening instruments
assessed in this study showed poor to moderate accuracy,
which brings into question their usability in the prediction
of adverse health outcomes among older adults presenting
to the ED.
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