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Prognostic value of frailty across age groups
in emergency department patients aged 65
and above
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Abstract

Background The Clinical Frailty Scale (CFS) is widely utilized for risk stratification in emergency departments (EDs);
however, its predictive value across various age groups remains unclear.

Methods In this retrospective multicenter study, we analyzed 6,310 patients in the ED aged > 65 years, categorized
into young-old (65-74 years, n=2,750), middle-old (75-84 years, n=2,400), and old-old (> 85 years, n=1,160) groups.
According to CFS, patients were categorized as robust (scores 1-3), pre-frail (score 4), or frail (scores 5-9). Multivariable
logistic regression analyses were performed to evaluate the independent association between frailty categories and
clinical outcomes (ICU admission and in-hospital mortality), adjusting for age, sex, and iliness severity. Predictive
performance was assessed using the area under the receiver operating characteristic curve (AUROC).

Results The predictive value of CFS varied significantly across age groups. In the young-old group, frail status was
independently associated with increased ICU admission (adjusted odds ratio [aOR] 1.49, 95% confidence interval

[Cl] 1.076-2.062) and in-hospital mortality (@OR 3.232, 95% Cl 1.738-6.009). The middle-old group demonstrated the
strongest relationship with mortality for frail patients (aOR 5.361, 95% Cl 2.872-10.007), but no significant association
with ICU admission after adjustment. In the old-old group, neither pre-frail nor frail status significantly predicted
outcomes. AUROC analysis showed the highest discriminative capability for ICU admission in the young-old group
(0.616,95% Cl 0.597-0.634) and for mortality in the middle-old group (0.730, 95% Cl 0.712-0.748), with reduced
predictive value observed in the old-old group.

Conclusions The prognostic value of CFS varies significantly by age group, demonstrating the strongest
performance in young-old patients and diminishing predictive value in the old-old group. These findings suggest the
need for age-specific frailty assessment strategies in emergency care, with additional clinical indicators potentially
necessary for risk stratification in the oldest patients.
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Introduction

Emergency departments (EDs) are essential entry points
for older adults with complex medical needs. The global
aging population has led to a significant increase in ED
visits, posing unprecedented challenges for emergency
care delivery and resource allocation [1, 2]. In this con-
text, frailty has emerged as a significant concern [3-5].
Traditionally, frailty research has defined older adults
as individuals aged =65 years [6]. However, advances in
modern healthcare and increased life expectancy have
introduced greater diversity in health status and func-
tional capacity within this age group, necessitating recon-
sideration of this threshold [7, 8].

Frailty—a multidimensional syndrome characterized
by reduced physiological reserve and increased suscepti-
bility to stressors—is a well-established prognostic indi-
cator in older adults [9, 10]. The Clinical Frailty Scale
(CFS)—a validated and widely used tool—offers a prac-
tical method for assessing frailty based on observable
functional and cognitive characteristics [11, 12]. Studies
consistently demonstrate that frail older patients experi-
ence worse clinical outcomes, including higher mortal-
ity rates, increased intensive care unit (ICU) admissions,
and prolonged hospital stays [13-16]. Furthermore,
frailty independently predicts adverse outcomes across
various clinical contexts, from cardiovascular condi-
tions to emergency abdominal surgery [17, 18]. However,
while the prognostic value of frailty is widely recognized,
its predictive utility across various age strata within the
older adult population remains poorly understood, par-
ticularly in emergency care settings.

While the prognostic value of frailty in emergency
care is well-established [19-21], a critical knowledge gap
remains regarding its age-specific predictive capabilities.
Therefore, this study aims to investigate the prognostic
value of the CFS across three distinct age groups within
the elderly population presenting to the ED: young-, mid-
dle-, and old-old (65-74, 75-84, and >85 years, respec-
tively). Recent validation studies of frailty assessment
tools in emergency care highlight the need for a more
nuanced understanding of how the prognostic value of
frailty might differ across age groups [22, 23]. By inves-
tigating the predictive capability of the CES within these
age strata, we hope to provide insights into the age-
related effect of frailty on ED outcomes and contribute to
the development of more precise risk stratification strate-
gies for older adults. Ultimately, our findings could guide
more effective and personalized care for elderly patients
in the ED.

Methods

Study design and setting

In this retrospective cohort study, we analyzed data from
patients aged > 65 years who presented to the EDs of three
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tertiary university hospitals in South Korea between
August 1 and October 31, 2023. Data were obtained
from the National Emergency Department Information
System (NEDIS), a comprehensive nationwide database
that collects real-time ED visit data to support research
and inform policy decisions. The study protocol was
approved by the Institutional Review Boards of all par-
ticipating hospitals, and the requirement for informed
consent was waived owing to the retrospective nature of
the study.

Study population

The study included patients aged>65 years who pre-
sented to the EDs during the study period. We excluded
patients who visited for non-medical purposes (such as
certificate issuance) and those who were declared dead
on arrival. Patients with uncertain outcomes due to dis-
charge against medical advice or transfer to other facili-
ties were excluded as their final clinical outcomes could
not be accurately determined. Trauma patients were
excluded because their outcomes are primarily influ-
enced by injury-specific factors (mechanism, severity,
anatomical location) rather than physiological reserve,
requiring a different analytical approach. For analysis
purposes, patients were stratified into three age catego-
ries: young-, middle-, and old-old (65-74, 75-84, and
> 85 years, respectively).

Data collection
Demographic information was extracted from the
NEDIS database, including age and sex. Initial vital signs
recorded in the ED—such as systolic and diastolic blood
pressure, pulse rate, respiratory rate, and body tempera-
ture—were also obtained. Mental status was evaluated
using the Alert/Verbal/Painful/Unresponsive (AVPU)
scale, with altered mental status defined as any state
other than Alert (V, P, or U). Additionally, data on mental
status and Korean Triage and Acuity Scale (KTAS) lev-
els were collected. The KTAS is a standardized five-level
triage tool adapted from the Canadian Triage and Acuity
Scale and implemented nationally in South Korea since
2016. It categorizes patients from level 1 (most urgent,
requiring immediate life-saving intervention) to level 5
(non-urgent), based on presenting complaints, vital signs,
pain scale, and mechanism of injury. For this study, we
dichotomized KTAS into urgent (levels 1-3) and non-
urgent (levels 4-5) categories based on clinical relevance.
ED outcomes were recorded, including discharge, admis-
sion to general wards or ICU, and death, as well as length
of stay in the ED and hospital. Final hospital outcomes,
including in-hospital mortality or discharge, were also
documented.

Frailty assessment was performed using the Korean
version of the CFS (CFS-K) [24]. Upon ED arrival,
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physicians or nurses interviewed patients or their care-
givers to determine the CFS score. Based on these scores,
patients were categorized into three groups for primary
analyses: robust (scores 1-3), pre-frail (score 4), or frail
(scores 5-9). Additionally, for predictive performance
evaluation using ROC curve analysis, the CES was ana-
lyzed as a continuous variable to determine optimal cut-
off values for clinical screening purposes.

Outcomes

The primary outcomes of this study were ICU admission
and in-hospital mortality. These outcomes were selected
to represent distinct aspects of emergency care - resource
utilization decisions and patient survival, respectively.
We analyzed these outcomes independently across dif-
ferent age groups to understand the relationship between
frailty and age-specific clinical outcomes. Secondary out-
comes included ED length of stay (LOS), hospital LOS,
and general ward admission rates. ED LOS was defined
as the time from ED arrival to ED departure (either dis-
charge or admission), and hospital LOS was calculated
from the time of hospital admission to discharge or
death.

Statistical analysis

Continuous variables are presented as means with stan-
dard deviations or as medians with interquartile ranges
when the data are not normally distributed. The normal-
ity of the distribution was assessed using the Shapiro—
Wilk test. For normally distributed continuous variables,
comparisons between age groups were conducted using
ANOVA, while non-normally distributed variables, such
as ED LOS and hospital LOS, were compared using the
Kruskal-Wallis test. Categorical variables are expressed
as frequencies with percentages and compared using chi-
square tests.

Multivariable logistic regression analyses were per-
formed to evaluate the independent predictive value
of frailty for ICU admission and in-hospital mortality,
adjusting for age, sex, and severity of illness using KTAS
categories (urgent vs. non-urgent). Adjusted odds ratios
(aOR) and their corresponding 95% confidence inter-
vals (CI) were presented separately for each age group.
Additionally, to evaluate the discriminative performance
of frailty status as a prognostic tool, we calculated the
area under the receiver operating characteristic curves
(AUROC) with 95% confidence intervals for each out-
come and age group. Optimal cut-off values were deter-
mined using the Youden index (] = sensitivity + specificity
—1), which identifies the point that maximizes both sen-
sitivity and specificity simultaneously. This method was
selected to provide a balanced approach to diagnos-
tic accuracy in emergency settings. Receiver operating
characteristic (ROC) curves and AUROC values were
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generated using MedCalc Statistical Software. Statistical
significance was set at p <0.05. All other statistical analy-
ses were conducted using SPSS version 26.0 (IBM Corp.,
Armonk, NY).

Although a priori sample size calculation was not con-
ducted due to the retrospective design of this study, a
post-hoc power analysis demonstrated that our sample
size provided sufficient statistical power (>99%) to detect
even small effect sizes (OR approximately 1.5 or higher)
at a significance level of 0.05.

Results

General and clinical characteristics

In total, 6,310 patients were included and categorized
into three age groups (Fig. 1): young-, middle-, and old-
old (n=2,750, 2,400, and 1,160, respectively). The mean
age was 69.21+2.81, 79.36+£2.90, and 88.88+3.42 years
in young-, middle-, and old-old groups, respectively
(p<0.001). Furthermore, the female proportion increased
with age, with 51.5%, 53.5%, and 63.6% respectively
(p<0.001, Table 1).

Initial vital signs showed significant differences across
the age groups. Systolic blood pressure decreased with
age, with values of 141+28, 138+28, and 137+30
mmHg, respectively (p<0.001). Diastolic blood pressure
also decreased with age, with values of 78 +16, 7316,
and 70+16 mmHg, respectively (p<0.001). Respiratory
rate (20+2, 20+2, and 20+ 2 breaths/min, respectively,
p<0.001) and body temperature (36.9+0.9 °C, 37+ 0.9 °C,
and 37+0.9 °C, respectively, p=0.048) also differed sig-
nificantly, while pulse rate did not differ significantly
among the groups.

The proportion of patients with altered mental status
(non-alert) increased with age (4.9%, 8.2%, and 12.1%,
respectively, p<0.001). Higher acuity KTAS categories
(levels 1-3) were more frequent in the older groups,
with frequencies of 84.7%, 89.2%, and 91.3%, respec-
tively (»<0.001). ED LOS also increased with age: 180
(116-264), 208 (137-306), and 230 (151.8-327) min,
respectively (p <0.001). Admission rates rose significantly
with age—with 40.7%, 51.5%, and 55.3%, respectively
(p<0.001)—as did in-hospital mortality (2.0%, 4.0%,
and 6.8%, respectively, p <0.001). The proportion of frail
patients (CFS 5-9) increased significantly with age, with
21.1%, 40.6%, and 64.1%, respectively (p <0.001).

Frailty and clinical outcomes

The association between frailty status and clinical out-
comes varied across age groups, with the most consistent
patterns observed in the young-old group (65-74 years).
In this group, all outcomes demonstrated a clear, stepwise
increase with frailty severity. ICU admission rates rose
progressively from 7.2% in robust individuals to 10.3% in
pre-frail and 17.2% in frail individuals (p <0.001). General
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ED visits from Aug 1, 2023 to Oct 31, 2023
(n=32,636)
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Age <65 years (n =23,991)
ED visits for non-medical purposes (n = 544)

Transfer to other hospital (n = 2,238)

Y

Screened visits
(n=16,461)

Discharge against medical advice (n = 485)
ED visit for trauma (n = 7,535)

Dead on arrival (n=9)

A4

Enrolled patients for analysis
(n=6,310)

\ 4

Incomplete data (n = 151)

A4

y

A 4

Young-old group
(n=2,750)

Middle-old group
(n =2,400)

Old-old group
(n=1,160)

Fig. 1 Flow chart of participant selection. ED: emergency department

ward admission showed a similar pattern, increasing
from 26.2% in robust individuals to 34.6% in pre-frail and
41.4% in frail individuals (»<0.001). Similarly, in-hospi-
tal mortality increased from 1.1% in robust individuals
to 2.6% in pre-frail and 4.0% in frail patients (p<0.001).
ED LOS also showed a significant upward trend (robust:
160.0 (110.0-240.0), pre-frail: 199.0 (131.0-291.5), and
frail: 221.0 (143.0-320.5) min, p<0.001), as did hospital
LOS (7.0 (4.0-12.0), 8.0 (5.0-14.0), and 9.0 (6.0-17.25)
days, p<0.001, Table 2).

In the middle-old group (75-84 years), most outcomes
showed significant associations with frailty, though
the patterns were less consistent than in the young-old
group. ICU admission rates were higher in frail patients
(17.2%) compared to robust (10.2%) and pre-frail individ-
uals (8.8%) (p <0.001). General ward admission rates were
similar between robust (35.6%) and pre-frail patients
(35.5%) but higher in frail patients (43.4%) (p <0.001). In-
hospital mortality showed a more pronounced increase
with frailty severity, from 1.3% in robust to 2.4% in
pre-frail and 7.2% in frail patients (p<0.001). Both ED
LOS and hospital LOS increased with frailty severity
(p<0.001).

In the old-old group (=85 years), the relationship
between frailty and clinical outcomes exhibited more
variable patterns. ICU admission rates were high-
est among frail patients (16.3%) and robust individuals
(15.5%), while pre-frail patients had lower rates (12.2%)
(p<0.001). General ward admission was highest in frail
patients (43.1%) compared to robust (35.9%) and pre-frail
individuals (31.6%) (p =0.006). Similarly, in-hospital mor-
tality rates were 5.4%, 3.1%, and 8.2% in robust, pre-frail,
and frail patients, respectively (p<0.001). ED LOS and
hospital LOS continued to show significant associations
with frailty status (p <0.001), though with less consistent
patterns than in younger patient groups.

Effect of frailty on intensive care unit admission and
in-hospital mortality

The prognostic value of frailty showed differences across
age groups (Tables 3 and 4). In the young-old group,
frailty was independently associated with increased ICU
admission, with significantly higher odds observed in
frail patients (aOR: 1.49; 95% CI: 1.076-2.062, p=0.016)
after adjusting for age, sex, and triage urgency. However,
pre-frail status did not show statistical significance in the
multivariable model (aOR: 1.151; 95% CI: 0.792-1.672,
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Table 1 Demographic characteristics of patients
Variable Total Young-old age Middle-old age Old-old age p-value
(n=6,310) (n=2,750) (n=2,400) (n=1,160)
Age (years) 76.69+7.95 69.21+2.81 79.36+2.90 88.88+342 <0.001
Sex® <0.001
Male 2,871 (45.5) 1,333 (48.5) 1,116 (46.5) 422 (364)
Female 3,439 (54.5) 1,417 (51.5) 1,284 (53.5) 738 (63.6)
Systolic Blood Pressure (mmHg) 139+29 141+28 138+28 137+30 <0.001
Diastolic Blood Pressure (mmHg) ° 7516 78x16 7316 7016 <0.001
Pulse rate (beats/min) @ 87+20 87+21 87+20 87+20 0417
Respiratory rate (breath/min) ? 20+2 20+2 20+2 20+2 0.001
Body temperature (°C) ® 37409 36.9+09 37+£09 37+09 0.048
Mental status ° <0.001
Alert 5,839 (92.5) 2,615(95.1) 2,204 (91.8) 1,020 (87.9)
Verbal response 264 (4.2) 74 (2.7) 111 (4.6) 79 (6.8)
Painful response 198 (3.1) 59(2.1) 79 (3.3) 60 (5.2)
Unresponsive 9(0.1) 2(0.1) 6(0.3) 1(0.1)
KTAS <0.001
Level 1 23(04) 7(0.3) 9(04) 7(0.6)
Level 2 1,004 (15.9) 375(13.6) 394 (164) 235(20.3)
Level 3 4,501 (71.3) 1,946 (70.8) 1,738 (72.4) 817 (70.4)
Level 4 709 (11.2) 372(13.5) 239(10.0) 98 (84)
Level 5 73(1.2) 50(1.8) 20(0.8) 3(03)
ED outcomes
EDLOS € 198 [129-291] 180 [116-264] 208 [137-306] 230[151.8-327] <0.001
Discharge b 3,315(52.5) 1,632 (59.3) 1,164 (48.5) 519 (44.7) <0.001
Admission P 2,995 (47.5) 1,118 (40.7) 1,236 (51.5) 641 (55.3)
Hospital LOS © 8.5 [5-15] 8 [5-14] 9[6-16] 15 [9-25] <0.001
GW admission © 2,240 (74.8) 848 (75.8) 930 (75.2) 462 (72.1) 0.191
ICU admission ° 755(25.2) 270 (24.2) 306 (24.8) 179 (27.9)
In-hospital mortality b 228 (3.6) 54 (2) 95 (4.0) 79 (6.8) <0.001
Frailty <0.001
Clinical Frailty Scale (CFS) © 4 3-6] 3[2-4] 4[3-6] 5[4-7] <0.001
Robust (CFS 1-3) © 2,815 (44.6) 1,702 (61.9) 893 (37.2) 220 (19)
Pre-frail (CFS 4) ° 1,196 (19) 468 (17) 532(22.2) 196 (16.9)
Frail (CFS 5-9) © 2,299 (36.4) 580 (21.1) 975 (40.6) 744 (64.1)

? The values are given as mean * standard deviation
b The values are given as number (%)

“The values are given as median [interquartile range]

KTAS: Korean Triage and Acuity Scale; ED: Emergency department; LOS: length of stay; GW: General ward; ICU: intensive care unit

Boldface type indicates statistical significance (p <0.05)

p=0.462). For in-hospital mortality in this age group,
both pre-frail (aOR: 2.107; 95% CIL 1.011-4.389,
p=0.047) and frail statuses (aOR: 3.232; 95% CI: 1.738—
6.009, p<0.001) independently predicted significantly
higher risk compared to robust patients.

In the middle-old group, the multivariable analysis
showed that frail status did not independently predict
ICU admission after adjustment (aOR: 1.25; 95% CI:
0.931-1.678, p=0.138), while pre-frail status also showed
no significant association (aOR: 0.774; 95% CI: 0.528-
1.133, p=0.188). Regarding mortality in this age group,
frail status demonstrated a strong independent predictive
association (aOR: 5.361; 95% CI: 2.872—10.007, p < 0.001),

while pre-frail status was not significantly predictive
(aOR: 1.77; 95% CI: 0.799-3.92, p =0.159).

In the old-old group, multivariable analysis could not
be performed for the association between frailty catego-
ries and either ICU admission or mortality outcomes
because the univariate analysis did not show statistically
significant associations for CFS categories.

Predictive performance of clinical frailty scale by age
groups

Table 5; Fig. 2 show the predictive performance of CFS
varied based on age group and clinical outcomes. For
ICU admission (Fig. 2A), the young-old group showed



Choi et al. BMC Geriatrics (2025) 25:445

Table 2 Frailty and clinical outcomes by age group
Young-old group

Robust Pre-Frail Frail p-value
ICU 122 (7.2) 48 (10.3) 100(17.2) <0.001
admis-
sion ®
In- 19(1.1) 12 (2.6) 23 (4.0) <0.001
hospital
mortal-
ity ¢
GW 446 (26.2) 162 (34.6) 240 (41.4) <0.001
admis-
sion?
EDLOS® 160.0 199.0 221.0 <0.001
[110.0-240.0] [131.0-291.5] [143.0-320.5]
Hospital 7.0 [4.0-12.0] 8.0[5.0-14.0] 9.0[6.0-17.25] <0.001
LOS®
Middle-old group
Robust Pre-Frail Frail p-value
ICU 91 (10.2) 47 (8.8) 168 (17.2) <0.001
admis-
sion?®
In- 12(1.3) 13(2.4) 70(7.2) <0.001
hospital
mortal-
ity @
GW 318 (35.6) 189 (35.5) 423 (434) <0.001
admis-
sion?
EDLOS® 1890 204.5 2340 <0.001
[122.0-271.0] [140.75-283.25]  [152.0-344.0]
Hospital  8.0[5.0-13.0]  9.0[5.0-15.0] 11.0[6.0-19.0] <0.001
LOS®
Old-old group
Robust Pre-Frail Frail p-value
ICU 34(15.5) 24(122) 121 (16.3) <0.001
admis-
sion @
In- 12 (5.4) 6(3.1) 61(8.2) <0.001
hospital
mortal-
ity °
GW 79 (35.9) 62 (31.6) 321 (43.0) 0.006
admis-
sion?
EDLOS® 2260 197.0 2395 <0.001
[143.0-304.0] [129.75-293.0] [161.0-343.0]
Hospital 8.0 [5.0-13.0] 9.5[6.0-18.0] 9.5 [6.0-15.0] <0.001
LOS®

2 The values are given as number (%)
b The values are given as median [interquartile range]

GW: General ward; ICU: intensive care unit; ED: Emergency department; LOS:
length of stay

Boldface type indicates statistical significance (p <0.05)

the highest discriminative ability (AUROC 0.616, 95% CI
0.597-0.634) with a cut-off value of 3, achieving balanced
sensitivity and specificity (54.81% and 63.71%, respec-
tively). The middle-old group demonstrated slightly lower
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performance (AUROC 0.596) despite a higher cut-off
value of 5, while the old-old group showed no significant
predictive value (AUROC 0.533, p=0.163). When analyz-
ing the entire patient cohort, the overall discriminative
ability was moderate (AUROC 0.605, 95% CI 0.593—
0.617). Pairwise comparison of ROC curves revealed no
statistically significant differences between the overall
cohort and both young-old (p=0.609) and middle-old
groups (p =0.671), while there was a significant difference
when compared to the old-old group (p=0.005).

For in-hospital mortality (Fig. 2B), the CFS demon-
strated superior overall discrimination than that of ICU
admission prediction. The middle-old group demon-
strated the best performance (AUROC 0.730, 95% CI
0.712-0.748) with a cut-off value of 4, showing high
sensitivity (73.68%) and moderate specificity (60.74%).
The young-old group also showed good discrimination
(AUROC 0.673) with a lower cut-off value of 3, while the
old-old group maintained significant but decreased pre-
dictive capability (AUROC 0.628) with a higher cut-off
value of 6. For the entire patient cohort, the CFS showed
good overall discriminative ability for mortality pre-
diction (AUROC 0.712, 95% CI 0.700-0.723). Pairwise
comparison of ROC curves revealed no statistically sig-
nificant differences between the overall cohort and both
young-old (p=0.337) and middle-old groups (p=0.573),
but a significant difference was observed when compared
to the old-old group (p=0.035), further supporting the
finding that the prognostic value of frailty diminishes in
the oldest patients.

Discussion

This study offers novel insights into the age-dependent
variability of the prognostic value of frailty among older
patients in the ED. The main finding was that the pre-
dictive performance of CFS varied significantly by age
group. In the young-old group, frailty exhibited a clear
relationship with worse outcomes, with frail status inde-
pendently predicting increased ICU admission and both
pre-frail and frail statuses significantly associated with
higher in-hospital mortality. This aligns with findings
from previous research indicating that the severity of
frailty is associated with higher mortality and resource
utilization in elderly populations [25]. In the middle-old
group, a different pattern emerged. While frailty was
not independently associated with ICU admission after
adjustment for confounders, it strongly predicted in-
hospital mortality with frail patients showing more than
five times higher odds of mortality compared to robust
patients. However, the pre-frail status did not demon-
strate significant predictive value for either outcome
in this age group. Most notably, in the old-old group,
frailty categories showed no significant associations with
either ICU admission or mortality in univariate analysis,



Choi et al. BMC Geriatrics (2025) 25:445

Table 3 Predictors of ICU admission by age group
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Variable Univariate analysis® Multivariate analysis*

ICU (-) group ICU (+) group p-value aOR p-value
Young-old group n=2,480 n=270
Age (years) 69.17+2.81 69.54+2.82 0.044 1.010 (0.961-1.061) 0.689
Sex; Male 1,170 (47.2) 163 (60.4) <0.001 1.642 (1.242-2.173) 0.001
Urgent Triage (KTAS < 3) 2,061 (83.1) 267 (98.9) <0.001 13.885 (4.401-43.808) <0.001
CFS
Robust (Reference) 1,580 (63.7) 122 (45.2)
Pre-Frail 420(16.9) 48 (17.8) 0.028 1.151(0.792-1.672) 0462
Frail 480 (19.4) 100 (37.0) <0.001 149 (1.076-2.062) 0.016
Middle-old group n=2,094 n=306
Age (years) 79.32+2.88 79.67+3 0.048 1.023 (0.979-1.070) 0.309
Sex; Male 968 (46.2) 148 (48.4) 0484 -
Urgent Triage (KTAS < 3) 1,838 (87.8) 303 (99.0) <0.001 10.039 (3.181-31.678) <0.001
CFS
Robust (Reference) 802 (38.3) 91 (29.7)
Pre-Frail 485 (23.2) 47 (154) 0403 0.774 (0.528-1.133) 0.188
Frail 807 (38.5) 168 (54.9) <0.001 1.25(0.931-1.678) 0.138
Old-old group n=981 n=179
Age (years) 88.92+348 88.66+3.07 0.355 -
Sex; Male 350(357) 72 (40.2) 0.245 -
Urgent Triage (KTAS < 3) 880 (89.7) 179 (100) 0.996 -
CFS
Robust (Reference) 186 (19) 34(19) -
Pre-Frail 172(17.5) 24 (13.4) 0.346 -
Frail 623 (63.5) 121 (67.6) 0.774 -

ICU: intensive care unit; aOR: Adjusted odds ratio; KTAS: Korean Triage and Acuity Scale; CFS: Clinical frailty scale

Boldface type indicates statistical significance (p <0.05)
a Data are presented as mean (standard deviation) or number (%)

1 Data in parentheses indicate adjusted odds ratios (95% confidence intervals), derived from multivariate logistic regression for variables with a p-value <0.05 in

univariate analysis

precluding their inclusion in multivariable models. This
suggests that in the oldest patients, the prognostic value
of frailty assessment diminishes, potentially because
other factors may have greater influence on clinical out-
comes in this population. This finding challenges the
traditional approach of treating older adults as a homog-
enous group, highlighting the increasing complexity of
the relationship between frailty and clinical outcomes as
people age and the need for age-stratified approaches to
geriatric assessment in emergency settings.

While previous studies have established the general
prognostic value of CFS in ED settings, they have gener-
ally analyzed older adults as a single group [15, 26, 27],
with few studies stratifying the results by age group. This
stratification is essential as aging is a heterogeneous pro-
cess, and the effect of frailty on clinical outcomes may
vary significantly between age groups. The stepwise pro-
gression of adverse outcomes with increasing frailty in
our young-old group aligns with previous findings [21,
28]. However, the observed diminishing predictive value
in the old-old group presents a novel perspective, sug-
gesting that the traditional understanding of the influence

of frailty may not apply uniformly across age groups [7,
29]. The pairwise comparison of ROC curves in our study
offers additional evidence for this age-dependent variabil-
ity. The finding that there were no statistically significant
differences between the overall cohort’s predictive per-
formance and that of young-old and middle-old groups,
but significant differences when compared to the old-old
group for both ICU admission and mortality outcomes,
further strengthens our conclusion that the prognostic
value of frailty truly diminishes in patients aged 85 and
above. This consistent pattern across both outcome mea-
sures suggests that this is not merely a statistical artifact
but represents a clinically meaningful phenomenon that
warrants consideration in emergency care. Our findings
are consistent with those of a recent meta-analysis on
frailty, which highlights frailty as a major determinant of
ICU admission and mortality. Conversely, it also suggests
the need for further investigation into standardized mea-
surements and age-related trends across the spectrum of
advanced age [13, 17, 19, 30]. Such evidence underscores
the importance of developing more nuanced, age-specific
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Table 4 Predictors of in-hospital mortality by age group
Variable Univariate analysis? Multivariate analysis*

In-hospital mortality (-) In-hospital mortality (+) p-value aOR p-value
Young-old group n=2,696 n=>54
Age (years) 69.19+£2.81 7043+2.83 0.002 1.153 (1.043-1.274) 0.005
Sex; Male 1,298 (48.1) 35 (64.8) 0.017 2.007 (1.138-3.541) 0.016
Urgent Triage (KTAS < 3) 2274 (84.3) 54 (100) 0.993 -
CFS
Robust (Reference) 1,683 (624) 19(35.2)
Pre-Frail 456 (16.9) 12(22.2) 0.023 2.107 (1.011-4.389) 0.047
Frail 557 (20.7) 23 (42.6) <0.001 3.232(1.738-6.009) <0.001
Middle-old group n=2305 n=95
Age (years) 79.33+2.89 80.08+3.01 0.014 1.066 (0.991-1.147) 0.085
Sex; Male 1,057 (45.9) 59 (62.1) 0.002 2.056 (1.34-3.155) 0.001
Urgent Triage (KTAS < 3) 2,048 (88.9) 93 (97.9) 0.014 5.829 (1.42-23.919) 0.014
CFS
Robust (Reference) 881(38.2) 12(12.6)
Pre-Frail 519 (22.5) 13(13.7) 0.132 1.77 (0.799-3.92) 0.159
Frail 905 (39.3) 70(73.7) <0.001 5.361(2.872-10.007) <0.001
Old-old group n=1,081 n=79
Age (years) 88.85+3.37 89.25+4.05 0312 -
Sex; Male 395 (36.5) 27 (34.2) 0.647 -
Urgent Triage (KTAS < 3) 981 (90.7) 78 (98.7) 0.040 0.7951 (1.094-57.771) 0.040
CFS
Robust (Reference) 208 (19.2) 12(15.2)
Pre-Frail 190 (17.6) 6 (7.6) 0.237
Frail 683 (63.2) 61(77.2) 0.180

aOR: Adjusted odds ratio; KTAS: Korean Triage and Acuity Scale; CFS: Clinical frailty scale

Boldface type indicates statistical significance (p <0.05)
a Data are presented as mean (standard deviation) or number (%)

1 Data in parentheses indicate adjusted odds ratios (95% confidence intervals), derived from multivariate logistic regression for variables with a p-value <0.05 in

univariate analysis

Table 5 Cut-off value, AUROC, sensitivity and specificity for predict prognosis by age

Cut-off value AUROC (95% Cl) Sensitivity, % (95% Cl) Specificity, % (95% Cl) p-value-

Young-old group

For predict ICU admission 3 0.616 (0.597-0.634) 54.81 (48.7-60.9) 63.71 (61.8-65.6) <0.001

For predict in-hospital mortality 3 0.673 (0.655-0.690) 64.81 (50.6-77.3) 62.43 (60.6-64.3) <0.001
Middle-old group

For predict ICU admission 5 0.596 (0.576-0.616) 44,12 (38.5-49.9) 7330(71.4-75.2) <0.001

For predict in-hospital mortality 4 0.730(0.712-0.748) 73.68 (63.6-82.2) 60.74 (58.7-62.7) <0.001
Old-old group

For predict ICU admission 6 0.533 (0.054-0.562) 36.31(29.3-43.8) 69.83 (66.8-72.7) 0.163

For predict in-hospital mortality 6 0.628 (0.600-0.656) 51.90 (40.4-63.3) 7040 (67.6-73.1) <0.001

AUROC: Area under the ROC curve, ICU: Intensive care unit

approaches to frailty assessment and risk stratification in
emergency care.

The attenuated predictive capability of CES in the old-
old group can be attributed to several interrelated factors.
First, the old-old group may exhibit a narrower range of
physical and cognitive function, with a higher proportion
of individuals already exhibiting significant deficits. This
could further diminish the discriminative power of the
CFS in this population. Second, the clinical presentation

and manifestations of frailty may shift in the old-old
group, making the CFS less sensitive in this age group.
Third, physiological changes can complicate the interac-
tion between frailty and other comorbidities, making it
challenging to isolate the independent influence of frailty
on outcomes.

Our study highlights the need for age-specific
frailty assessment in the ED. The findings suggest that
the CFS can be effectively utilized to guide clinical
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decision-making, particularly for young-old and middle-
old patients, where the relationship between frailty and
outcomes is most pronounced. Conversely, for the old-
old group, frailty assessment should be complemented
with other clinical and functional indicators to ensure
accurate risk stratification. Integrating age-specific
vulnerability assessments into the triage protocol can
enhance resource allocation by identifying patients who
require intensive monitoring or early intervention. Addi-
tionally, it can reduce healthcare costs through more
intensive interventions for patients at the highest risk of
adverse events [31, 32]. This stratified approach to frailty
assessment could optimize patient care and resource uti-
lization in the ED setting.

Strengths and limitations

The key strengths of this study lie in its multicenter
design and large sample size, enhancing the generalizabil-
ity of the findings. Additionally, the age-stratified analy-
sis offers valuable insights into the age-specific effect of
frailty on ED outcomes. However, some limitations war-
rant consideration. The retrospective design may intro-
duce selection bias, and the single-country setting may
limit the generalizability of the results to other healthcare
systems. The reliance on the CFS, which involves subjec-
tive clinical judgment, could affect inter-rater reliability.
Also, we used the widely accepted classification of robust,
pre-frail, and frail based on CEFS scores, but did not fur-
ther differentiate between mild-moderate frailty (CFES
5-6) and severe-terminal frailty (CFS 7-9). This addi-
tional stratification might have revealed more nuanced
patterns, particularly in the old-old group where the
prevalence of frailty was significantly higher. Such sub-
group analysis could potentially provide greater insight
into the diminishing predictive value of CFS in the old-
est patients and will be an important direction for future

research. Furthermore, the study did not investigate
other frailty-related measures, such as sarcopenia and
cognitive impairment, which might influence outcomes.
Future research should focus on developing age-specific
frailty assessment tools and investigating additional prog-
nostic factors particularly relevant to the oldest-old pop-
ulation. Additionally, prospective studies are needed to
validate these findings and explore whether age-stratified
intervention strategies could enhance outcomes for older
patients with ED.

Conclusion

This study shows that the prognostic value of frailty var-
ies significantly across age groups among older patients
in the ED. While the CFS showed strong predictive
ability for adverse outcomes in young-old patients (65—
74 vyears), its performance became more nuanced in
middle-old patients (75-84 years) and showed dimin-
ished predictive value in the old-old group (=85 years).
These findings challenge the traditional one-size-fits-all
approach to frailty assessment in emergency care, high-
lighting the need for age-specific strategies. Our findings
suggest that emergency physicians should consider age-
specific patterns when using frailty to guide clinical deci-
sion-making, potentially enabling more personalized and
effective care for older patients in the ED.
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