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Aim: To compare the predictive abilities of the FRAIL scale (FS), frailty screening question-
naire (FSQ) and clinical frailty scale (CFS) for adverse outcomes in older adults in the emer-
gency department.

Methods: In total, 317 older adults aged ≥65 years attending emergency department was
screened for frailty using the FS, FSQ and CFS. Outcome measures included all-cause 28-day
mortality and intensive care unit readmission. Cox proportional hazards model was used for
survival comparison. Logistic regression was used to analyze risk factors for readmissions. In
addition, we calculated the C-statistic, net reclassification improvement and integrated dis-
crimination improvement to evaluate the predictive value of three scales.

Results: The prevalence of frailty was 55.2% (FS), 47.0% (FSQ) and 69.4% (CFS). Cox
regression and logistic regression analysis revealed that frailty screening by FS, FSQ and CFS
was an independent risk factor for all-cause 28-day mortality and 30- and 90-day readmission
after adjustment. Incorporation of FS, FSQ and CFS into a basic model with other risk factors
significantly improved C-statistic. For all-cause 28-day mortality, the model including FS had
the highest C-statistic from 0.786 (95% confidence interval: 0.706–0.865) to 0.854 (95% con-
fidence interval: 0.802–0.907) and the improvements in risk prediction were also confirmed
by category-free net reclassification improvement and integrated discrimination improvement,
suggesting FS was significantly better than CFS and FSQ. The three tools had a low predictive
ability for readmission (all C-statistics <0.7).

Conclusions: All three frailty scales showed a predictive ability for 28-day mortality and
readmission but FS may be the most valid tool in the emergency department. Geriatr
Gerontol Int ••; ••: ••–•• Geriatr Gerontol Int 2022; 22: 851–856.
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Introduction

The aging population is increasing worldwide and is predicted
to reach an estimated 2 billion people aged ≥65 years by
2050.1 This places a heavy demand on healthcare systems,
particularly emergency care. Older patients are projected to

have an increasing proportion of emergency department
(ED) visits.2,3

Frailty is characterized by an increased vulnerability to
stressors, including acute illnesses, and more than half of older
patients are likely to be frail.4,5 Older people with frailty are at an
increased risk of ED visits, hospitalization, disability and death.6–8

With the burgeoning older population, it is timely that we focus
our attention on this group of patients. Early identification of
frailty in the ED is a process of determining older patients who are
prone to adverse outcomes9 and might potentially influence
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immediate medical decision-making. To the best of our knowl-
edge, although the relationship between frailty and adverse out-
comes in older adults has been extensively examined, frailty
identification is not routinely performed in EDs.

A recent study reported there are nearly 70 scales for frailty
assessment,10 among which the most representative scales are the
Fried’s frailty phenotype (FP) scale, also called Cardiovascular
Health Study11 and the Deficit Accumulation Index, also called
the Frailty Index.12 However, these scales are difficult to use in the
clinical practice in crowded EDs because they are complex and
time consuming. Many screening instruments have been devel-
oped for hospitalized or community-dwelling older patients. To
date, there are no proposed tools suitable for identifying frail indi-
viduals in geriatric emergency care.13 Thus, it is imperative to
determine validated frailty screening instruments appropriate for
use in the ED.

Frailty screening tools in a fast-paced ED should be quick,
simple and acceptable for use in clinical practice. The clinical
frailty scale (CFS)14 is the most practical tool for rapid frailty
assessment in busy emergency settings due to its feasibility. How-
ever, the CFS originally from Canada, is based on community
subjects, and its predictive validity for adverse outcomes in the ED
setting needs further research. The frailty screening questionnaire
(FSQ) in China is based only on five self-reported components
from the FP.11,15 Liu et al. first showed that FSQ is practicable in
the emergency setting, and has accurate predictive validity for neg-
ative outcomes in older people when applied in the ED.16 The
FRAIL scale (FS) developed by Morley et al.17 has been identified
as practical for use in identifying frailty and is a valid predictor of
mortality.18 Because its convenience and efficiency, the FS was
recommended as a preferred instrument in an Australian primary
care setting and was suggested as a potential screening tool for
frailty in the ED.19

Despite decades of research, the most suitable instrument for
frailty in the ED remains uncertain. There are no data compar-
ing the utility of frailty screening instruments in EDs in China.
FS, CFS and FSQ are quick and feasible screening tools, which
have the potential to assess for frailty in busy EDs. Therefore,
this study aimed to compare the predictive validity of FS, FSQ
and CFS for adverse outcomes in older adults in an emergency
setting.

Methods

Design, setting and participants

This was a prospective, single-center, observational cohort study
of 317 patients aged ≥65 years admitted to a China ED between
January 2021 and September 2021. During the study period,
patients diagnosed with the novel Coronavirus Disease 2019
(COVID-19) were transferred to government-designated hospitals
and only those with negative results were admitted to our hospital.
Those who needed emergency surgery, had unstable vital signs
(patients expected to die within the following 24 h), or refused to
participate in the study were excluded. This study was approved
by the institutional review board of China Rehabilitation Research
Centre (2021-093-1) and the procedures were performed in accor-
dance to the Declaration of Helsinki. All patients provided written
informed consent.

Study protocol

Comprehensive medical histories and frailty assessments of all
patients were obtained by trained ED attending physicians. On

admission, we collected demographic characteristics including
age, gender, body mass index (BMI), smoking status, nutritional
risk screening 2002 (NRS2002) score and chronic diseases,
including hypertension, diabetes, coronary heart disease, hyperlip-
idemia, chronic kidney disease, stroke and chronic obstructive
pulmonary disease. The main diagnosis for emergency visits
included pneumonia, cerebral ischemic stroke, acute exacerbation
of chronic obstructive pulmonary disease (AECOPD), acute coro-
nary syndrome (ACS), heart failure and anemia. Functional status
was evaluated using the activities of daily living.20 Three frailty
instruments, CFS, FS and FSQ, were assessed. All data were col-
lected within 24 h of admission.

Frailty assessment

The FS is comprised of five characteristics: fatigue, resistance,
ambulation, illnesses and loss of weight.

1. Fatigue: Do you feel tired all of the time (at least 3 or 4 days
per week)?

2. Resistance: Can you climb one floor without assistance?
3. Ambulation: Can you walk one block or 100 m without

assistance?
4. Illness: Do you suffer from more than five diseases?
5. Weight loss: Has your weight decreased by ≥4.5 kg or 5% of

baseline in the previous 12 months?

Each FS characteristic is scored 0–1, and scores range from
0 (best) to 5 (worst). Individuals with a score of ≥3 are categorized
as frail, scores of 1–2 as pre-frail, and no characteristics as robust.

The FSQ includes five self-reported components based on the
modified Fried FP criteria: weight loss, exhaustion, slowness,
weakness and inactivity.

1. Weight loss: an unintentional loss of body weight of at least
4.5 kg in the past year.

2. Exhaustion: a “yes” response to either of two questions:
“Everything I did was an effort” or “I could not get going.”

3. Slowness: being unable to walk for 250 m.
4. Weakness: experiencing difficulty in lifting or carrying a weight

of 5 kg.
5. Inactivity: exercise <3 h per week.

Total scores range between 0 and 5. Those with ≥3 are classi-
fied as frail, and the others are classified as non-frail (0, robust; 1–
2, pre-frail).

The CFS is an ordinal scale of nine points, ranging from 1 (very
fit) to 9 (terminally ill). Patients with scores of ≥5 are classified as
frail (mild to severely frail), those with scores of 4 are classified as
pre-frail, and those with scores of 1–3 are non-frail.

Outcome measures

The primary outcome was all-cause mortality within 28 days and
the secondary outcomes were ICU readmissions 30 and 90 days
after discharge.

Statistical analysis

Descriptive statistics are reported as the mean (standard devia-
tion) for normally distributed variables, median (interquartile
range) for non-normally distributed variables, or counts (per-
centages) for categorical variables. The differences in charac-
teristics between groups were evaluated using chi-squared tests
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for categorical variables. Cohen’s kappa coefficient was calcu-
lated to examine the agreement between frailty scales. The Cox
proportional hazard model and Kaplan–Meier curves were used
for survival comparisons. The association between frailty scales
and adverse outcomes was investigated using logistic regression
models, and odds ratios (ORs) with 95% confidence intervals
(CIs) were calculated. The C-statistics, category-free net
reclassification improvement (NRI) and integrated discrimina-
tion improvement (IDI) were applied to investigate the predic-
tive ability of the frailty scales. All statistical analyses were
performed using SPSS (version 26.0; IBM Corp., Armonk, NY,
USA) and R software (version 4.2.0; The R Foundation for Sta-
tistical Computing). All P-values refer to two-tailed tests of sig-
nificance; P < 0.05 was considered significant.

Results

Baseline characteristics

Overall, 317 participants were included, and 50.2% were men.
The median age of participants was 83.0 years (IQR 13.0), and
BMI was 22.9 kg/m2 (IQR 6.5). General demographic data are
shown in Table 1. The main diagnosis of admission was pneumo-
nia (n = 146, 46.1%), followed by anemia, heart failure, AECOPD,
cerebral ischemic stroke and ACS. The primary reason for referral
among frail patients was pneumonia (57.1% using FS, 57.0%
using FSQ and 53.6% using CFS respectively). There were
222 patients (70.0%) with more than two comorbidities. Approxi-
mately 167 participants (52.7%) were functionally independent
(Barthel index 61–100).

Prevalence of frailty

The prevalence of frailty was 55.2% by FS, 47.0% by FSQ and
69.4% by CFS. Of the 317 participants, 236 (74.4%) were
assessed as frail using at least one of the scales. Of these,
50 (15.8%) were considered frail using only one scale, 64 (20.2%)
using two scales and 122 (38.5%) using all three scales. The
agreement between scales was moderate, and the Cohen’s kappa
coefficients were the highest between FS and FSQ (FS and FSQ,
0.536; FS and CFS, 0.533; FSQ and CFS, 0.488).

Comparison of different frailty scales for prediction of all-
cause mortality within 28 days

All participants responded to the follow-up. Among the
317 patients, the 28-day mortality rate was 10.4% (33 patients
died). Most patients died of multiple organ dysfunction resulted
from severe infection (15, 45.5%) such as severe pneumonia or
sepsis, and the second cause of death was deterioration of chronic
diseases (10, 30.3%). The median hospital stay was 12.0 days
(IQR 11.0). In the unadjusted multivariate Cox regression analysis
(Table 2), frailty screened by FS, FSQ and CFS was a risk factor
for 28-day mortality (hazard ratio = 2.123, 1.651, 3.242,
P < 0.001). After adjusting for age, gender, BMI, smoking status,
anemia, NRS2002 and chronic diseases, frailty identified by the
three tools was still an independent predictor of 28-day mortality
(hazard ratio = 1.849, 1.366, 2.974, P = 0.002, P = 0.026,
P < 0.001). Kaplan–Meier analysis also showed that the presence
of frailty screened by the three instruments was associated with a
higher risk of mortality (Fig. 1).

Table 1 Baseline data of the participants (N = 317)

Characteristic Total (n = 317) FS ≧3 (n = 175) FSQ ≧3 (n = 149) CFS ≧5 (n = 220)

Age (years), median (IQR) 83.0 (13.0) 83.0 (9.0) 84.0 (9.0) 84.0 (9.0)
Male, n (%) 159 (50.2) 78 (44.6) 58 (38.9) 96 (43.7)
BMI (kg/m2), median (IQR) 22.9 (6.5) 21.8 (6.7) 22.0 (6.9) 22.0 (6.5)
Never smoking, n (%) 180 (56.8) 98 (56.0) 90 (60.4) 90 (40.9)
Chronic diseases, n (%)
Hypertension 204 (64.4) 116 (66.3) 98 (65.8) 140 (63.6)
Diabetes 118 (37.2) 74 (42.3) 54 (36.2) 82 (37.3)
Coronary heart disease 142 (44.8) 96 (54.9) 79 (53.0) 105 (47.7)
Hyperlipidemia 113 (35.6) 72 (41.1) 58 (38.9) 82 (37.3)
Chronic kidney disease 29 (9.1) 21 (12.0) 14 (9.4) 23 (10.5)
Stroke 64 (20.2) 37 (21.1) 33 (22.1) 48 (21.8)
COPD 61 (19.2) 43 (24.6) 36 (24.2) 54 (24.5)

Diagnosis on admission, n (%)
Pneumonia 146 (46.1) 100 (57.1) 85 (57.0) 118 (53.6)
Cerebral ischemic stroke 44 (13.9) 12 (6.9) 6 (4.0) 18 (8.2)
AECOPD 48 (15.1) 36 (20.6) 31 (20.8) 44 (20.0)
Heart failure 49 (15.5) 41 (23.4) 28 (18.8) 42 (19.1)
ACS 24 (7.6) 16 (9.1) 12 (8.1) 18 (8.2)
Anemia 138 (43.5) 95 (54.3) 82 (55.0) 111 (50.5)
NRS2002 score, median (IQR) 4 (3) 5 (4) 5 (4) 4 (5)

Barthel index, n (%)
61–100 167 (52.7) 59 (33.7) 47 (31.5) 73 (33.2)
41–60 62 (19.6) 39 (22.3) 33 (22.1) 59 (26.8)
≤40 88 (27.7) 77 (44.0) 69 (46.4) 88 (40.0)

ACS, acute coronary syndrome; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; BMI, body mass index; CFS, clinical frailty
scale; COPD, chronic obstructive pulmonary disease; FS, FRAIL scale; FSQ, frailty screening questionnaire; IQR, interquartile range; NRS, nutri-
tional risk screening.

Adverse outcome predicted by frailty
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Comparison of different frailty scales for prediction of
readmissions

Unplanned 30 days readmission to the ED occurred in 49 patients,
and 90 days readmission occurred in 79 patients. More than half
of the patients readmitted to the ED were because of acute infec-
tion particularly recurrent pneumonia, followed by acute exacer-
bation of chronic diseases (such as decompensated heart failure
and AECOPD) and acute illness attack, including ACS or acute
stroke. In the multivariable logistic regression analysis, after
adjusting for age, gender, BMI, anemia, NRS2002 and chronic
diseases, frailty assessed by FS, FSQ and CFS was an independent
risk factor for 30-day readmission (OR = 2.938, 3.454, 6.263,
P = 0.009, 0.002, 0.001) and 90-day readmission (OR = 2.724,
3.956, 6.299, P = 0.003, P < 0.001, P < 0.001).

Comparison of the predictive validity of three frailty scales
for adverse outcomes

All the above results showed frailty screened by the three instru-
ments was an independent risk factor for all adverse outcomes
including 28-day all-cause mortality and unplanned readmissions.
Next, we calculated the C-statistic, NRI and IDI to evaluate the
added predictive ability of the three scales. The C-statistic of a
basic model with risk factors, including age, gender, BMI and
chronic diseases (hypertension, diabetes, chronic kidney disease,
chronic obstruction pulmonary disease, coronary heart disease,
stroke) was 0.786 (95% CI: 0.706–0.865). Incorporation of FS,
FSQ and CFS into a basic model significantly improved the C-
statistic from 0.786 (95% CI: 0.706–0.865) to 0.854 (95% CI:
0.802–0.907), 0.832 (95% CI: 0.764–0.900) and 0.811 (95% CI:

Table 2 HRs for 28-day all-cause mortality of FS, FSQ and CFS

Model 1 Model 2

HR 95% CI P HR 95% CI P

FS 2.123 1.547–2.912 <0.001 1.849 1.254–2.725 0.002
FSQ 1.651 1.299–2.099 <0.001 1.366 1.039–1.797 0.026
CFS 3.242 2.318–4.535 <0.001 2.974 2.032–4.352 <0.001

Model 1, unadjusted model; Model 2, adjusted for age, gender, body mass index, smoking status, anemia, NRS2002 and chronic diseases (hyper-
tension, diabetes, hyperlipidemia, chronic kidney disease, chronic obstruction pulmonary disease, coronary heart disease, stroke).

CFS, clinical frailty scale; CI, confidence interval; FS, FRAIL scale; FSQ, frailty screening questionnaire; HR, hazard ratio; NRS, nutritional risk
screening.

Figure 1 Comparison of overall survival between older adults with and without frailty using three screening instruments.
Kaplan–Meier survival curves of frailty defined by (a) the FRAIL scale (FS), (b) frailty screening questionnaire (FSQ) and (c) clinical
frailty scale (CFS) for overall 28-day survival.
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0.733–0.888) respectively (all P < 0.001). Compared with the
established model, adding the FS improved the predictive ability for
28-day mortality significantly, and the NRI and IDI were 0.746
(95% CI: 0.475–1.017, P < 0.001) and 0.058 (95% CI: 0.022–0.093,
P = 0.002), respectively (Table 3). For the pairwise comparison
between each of the two scales, the model including FS had a better
predictive value than CFS, and the NRI and IDI were 0.742 (95%
CI: 0.455–1.030, P < 0.001) and 0.038 (95% CI: 0.007–0.068,
P = 0.015). There were no statistically differences between the
models that added the FSQ and CFS (NRI = 0.211, 95% CI:
�0.476 to 0.054, P = 0.251; IDI = 0.057, 95% CI: �0.037 to 0.026,
P = 0.727). The model adding the FS was better than FSQ in terms
of NRI (0.426, 95% CI: 0.071–0.782, P = 0.021), but there was no
difference in IDI (0.032, 95% CI: �0.002 to 0.067, P = 0.068). In
conclusion, adding any of the three scales to a basic model signifi-
cantly improved the prediction of 28-day mortality, and the model
including FS had the highest C-statistic and the improvements in
risk prediction were also confirmed by category-free NRI and IDI.

Incorporation of the three frailty identification tools into a
basic model showed that the C-statistics of frailty identified by FS,
FSQ and CFS for 30-day readmission were 0.663, 0.682 and
0.695 (all P < 0.001), and the C-statistics for 90-day readmission
were 0.611, 0.639 and 0.573, respectively (P < 0.001). The
C-statistics were <0.7, suggesting its low predictive ability for
return to the ED.

Discussion

Based on the three screening tools (FS, FSQ, CFS), this study
demonstrated a robust relationship between frailty and subsequent
adverse outcomes for older patients in the ED. We compared the
predictive ability of these three frailty screening tools for 28-day
mortality and readmission, and showed that FS may be better in
predicting 28-day mortality. However, none of the three scales
had a good predictive ability for return to the ED. To the best of
our knowledge, this is the first study to compare the predictive
validity of frailty screening tools in an emergency setting in China.

In this study, the prevalence of frailty ranged from 47.0%
(FSQ) to 69.4% (CFS). The agreement between the different
scales was moderate (kappa coefficient: 0.488–0.536). We found
that the prevalence was higher than reported in previous studies
in the ED, where 36.8% of patients were classified as frail based
on CFS.21 A large prospective cohort study showed that the preva-
lence of frailty varied vastly by different scales (SUHB [stable,
unstable, help to walk, bedbound] 9.7%, Fried 30.4%, CFS
43.7%).22 Another study identified 28% patients as frail using
FS,23 and 44.6% using FSQ in an emergency setting.16 The rea-
son for this variation is unknown. Population heterogeneity and
disease severity may account for the high prevalence of frailty in
our study. Patients in our hospital may be older and have more

serious diseases. Furthermore, clinical judgment may be different
for various researchers.

Frailty screening in an urgent care setting is a process of finding
elderly patients who might have adverse health outcomes and who
might benefit from geriatric emergency medicine interventions.
However, no measure of frailty has been validated in the acute care
setting to date. Generally, CFS is considered a standardized clinical
judgment of frailty that can predict ED return visits and mortality,
but it has yet to be verified in the ED in China. A previous study
conducted in a large and busy ED in the UK assessed four com-
monly used frailty tools: identification of seniors at risk (ISAR),
CFS, Programme on Research for Integrating Services for the Main-
tenance of Autonomy seven-item questionnaire (PRISMA-7) and
Silver Code, and showed that CFS was slightly quicker to use but
was not superior to the other tools.4 Another study reported that
CFS was as accurate as the Fried and SUHB in predicting poor out-
comes but was more practical for use in busy ED settings.22 In con-
trast, a study showed that PRISMA-7 was more accurate than ISAR
but equivalent to the CFS and may be optimal.23 Li et al.24 com-
pared three scales (FP, FS and Frailty Index) in a senior community
in China and showed that FS may be the best in practice. In our
study, we identified frailty assessed by FS, FSQ and CFS as an inde-
pendent risk factor for 28-day mortality as well as readmission at
30 and 90 days. This is consistent with the results of several stud-
ies.25,26 Its predictive value for adverse health outcomes in a com-
munity setting had been verified, but comparison of different frailty
models, including FS in the ED, was limited. In our study, FS had a
better predictive value for 28-day all-cause mortality than FSQ and
CFS independent of demographic characteristics and chronic dis-
eases. The FS has its own unique advantages as it overlaps with the
biological, burden and functional scales and cannot be affected by
the acute phase of the disease.27 The CFS identifies frailty based on
overall impression of the patient and might be subjective. FSQ was
the only original frailty assessment tool in China that has been used
to identify frailty in older adults in community settings and was
shown to be valid in emergency settings in China. However, it needs
more research in the future.

In this study, we found that frailty identified by the three tools
had a low predictive ability for ED readmission, which is similar to
the results of previous studies. CFS alone does not adequately
identify older adults at risk for admissions or return ED visits
within a specified time frame (such as within 9 days).28 Another
study demonstrated that frailty based on a deficit accumulation
index predicted serious adverse outcomes in the first 30 days after
ED discharge but was not a major determinant of repeat outpa-
tient ED visits.29 A possible reason for this is that older patients
with more comorbidities are vulnerable to external stressors.
Older adults are also prone to multiple organ dysfunction and
their conditions may change rapidly. Patients are admitted to the
hospital because of slight changes rather than real criteria. This
was in accordance with a study by Theou et al.30

Table 3 Evaluation of predictive models for 28-day all-cause mortality

C-statistic (95% CI) NRI (95% CI) IDI (95% CI)

Base model 0.786 (0.706–0.865) Reference Reference
Base model + FS 0.854 (0.802–0.907) 0.746 (0.475–1.017) 0.058 (0.022–0.093)
Base model + FSQ 0.832 (0.764–0.900) 0.717 (0.415–1.018) 0.026 (�0.008, 0.059)
Base model + CFS 0.811 (0.733–0.888) 0.372 (0.070–0.673) 0.020 (0.007–0.033)

Base model included: age, gender, body mass index and chronic diseases (hypertension, diabetes, chronic kidney disease, chronic obstruction pul-
monary disease, coronary heart disease, stroke).

CFS, clinical frailty scale; CI, confidence interval; FS, FRAIL scale; FSQ, frailty screening questionnaire; IDI, integrated discrimination improve-
ment; NRI, net reclassification improvement.
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This study had some limitations. First, this was a single-center
observational study in an ED of a university-affiliated hospital, which
might have contributed to selection bias. Second, because patients in
the ED, particularly those acutely ill patients, may not be able to com-
plete walking speed, grip strength or appendicular skeletal muscle
index tests, we only compared three frailty screening scales by subjec-
tive questionnaire but not by the above objective parameters. Third,
there are many other assessment tools, so our results might not be
applicable to other EDs that utilize different instruments. Besides, the
study showed its statistical significance in predicting 28-day mortality
and readmission. In the future, multi-center research and more
screening tools for frailty should be carried out in EDs. Moreover,
further studies related to long-term prognosis should be studied.

In conclusion, this study compared three screening tools in a
cohort of older patients in an ED in China. We found a high prev-
alence of frailty, particularly when using CFS. All three scales were
effective in identifying frailty and predicting adverse outcomes
among older adults in emergency settings. Furthermore, the three
tools showed a predictive ability for 28-day mortality and
readmission, although FS may be the most effective in practice.
Additional research is required to confirm suitable frailty screen-
ing instruments for busy EDs.
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