
INTRODUCTION 

Falls are a major concern in hospitalized patients, particularly in 
older adults and those with frailty.1) Falls can result in a range of 
negative outcomes, including fractures and head injuries, leading 
to longer hospital stays and significant morbidity and mortality.2) 
Moreover, falls can cause psychological distress, fear of falling, and 
a loss of confidence in one’s ability to move safely.2) Falls also create 
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a significant burden on healthcare systems by increasing healthcare 
costs and diverting resources from other areas of care.3,4) There-
fore, it is crucial to screen patients who are at high risk of falling 
and implement preventive measures in a hospital setting. 

The Morse Fall Scale (MFS), developed in 1986, is a widely 
used tool in healthcare settings to assess a patient’s risk of falling.5) 
It considers six factors: history of falling, current medications, mo-
bility, mental status, presence of equipment (such as intravenous 
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lines or catheters), and age. Each factor is assigned a score, and the 
total scores determine a patient’s overall fall risk. The MFS is one 
of the most commonly used screening tools for high fall risk in 
hospitalized patients; however, the optimal cutoff value remains 
controversial.6,7) Furthermore, studies have shown that the screen-
ing value of MFS might be insufficient.8,9) 

Falls are considered a geriatric syndrome, a condition closely re-
lated to frailty,10) which is a state of increased vulnerability and re-
duced physiological reserves due to the accumulation of aging pro-
cesses in older adults.11,12) Numerous studies have demonstrated a 
higher risk of falls among hospitalized patients with frailty.13,14) 
Consequently, it may be logical to screen patients for frailty to 
more effectively predict and prevent falls. Indeed, the MFS itself 
includes items reflecting the spectrum of frailty, such as a history of 
falls, mobility, mental status, and age. 

Among the tools to assess frailty, the Clinical Frailty Scale 
(CFS), with scores ranging from 1 (very fit) to 9 (terminally ill), 
has been widely used in various clinical settings.15) In acute medical 
conditions, the CFS is generally applied to assess a patient’s base-
line functional status 2 weeks before they fall ill.16) Meanwhile, the 
at-point CFS, which incorporates the baseline functional status 
and severity of an acute illness, can assess the health status of pa-
tients at the time of evaluation.16,17) A previous study showed that 
at-point CFS predicted various adverse health outcomes, such as 
falls, in hospitalized patients aged > 65 years.17) However, despite 
the general applicability of frailty in younger and middle-aged 
adults,18,19) no study has established the efficacy of the CFS as a 
screening tool for falls in this population. Hence, we aimed to as-
sess the screening ability of the at-point CFS and MFS in identify-
ing hospitalized adults aged > 18 years at high risk for falls. 

MATERIALS AND METHODS 

Study Design and Population 
This retrospective cohort study was conducted at the Asan Medi-
cal Center, a tertiary hospital in Seoul, Korea. The study included a 
total of 2,028 patients, consisting of 1,016 patients aged ≥ 65 years 
who were admitted to the general ward between May 1 and Sep-
tember 30, 2021 and 1,012 patients aged ≥ 18 years who were ad-
mitted to the emergency room between February and March 
2022. Although the at-point CFS was measured for all patients 
who visited the emergency room since August 2021, the most re-
cent data from February and March 2022 were used to increase the 
accuracy of the study, considering the proficiency of the emergen-
cy medical staff in CFS measurements. Patients who did not un-
dergo at-point CFS measurements were excluded. The study pro-
tocol was approved by the Institutional Review Board of Asan 

Medical Center (No. 2022-0722). Written informed consent was 
waived as the evaluation of the general health status of patients at 
admission is a routine practice and no harm was expected. 

This study complied the ethical guidelines for authorship and 
publishing in the Annals of Geriatric Medicine and Research.20) 

MFS 
The MFS is used to assess a patient’s risk of falling by evaluating 
the presence or absence of various risk factors.5) It comprises six 
items: fall history, secondary diagnosis, use of ambulatory aids, in-
travenous therapy or heparin cap use, gait, and cognitive status re-
lated to gait. Each item was scored, with a maximum total score of 
125 points. Patients with a score < 45 points were considered to 
have a low risk of falling, whereas those with a score ≥ 45 were 
considered to be at high risk. The fall risk assessment using the 
MFS was performed at the time of admission, once daily during 
hospitalization, and when the patient’s condition changed. The re-
sults of the fall risk assessments were included in electronic medi-
cal records.  

At-Point CFS 
The at-point CFS measurement for inpatients was performed by 
experienced geriatric nurses on the day after admission to the geri-
atric department. In the emergency room, the at-point CFS was 
measured by emergency room nurses. We used the Korean-trans-
lated version of the CFS 2.0 and a classification tree with estab-
lished construct validity in the Korean geriatric outpatients21) and 
accuracy for predicting adverse outcomes in hospitalized older pa-
tients.22) The Korean-translated version of the CFS 2.0 and classifi-
cation tree are described in Supplementary Figs. S1 and S2, respec-
tively. 

Outcome Measures 
The fall incidence was obtained from mandatory fall reports for all 
falls that occurred in the hospital. This comprehensive data collec-
tion approach aimed to accurately capture and analyze the fre-
quency and causes of falls in a hospital setting as a standard patient 
safety measure. Each report contained pertinent details, such as 
the patient’s demographics, fall location, circumstances leading to 
the incident, and sustained injuries. 

Statistical Analysis 
The data in this study were analyzed using the SPSS version 21.0 
and R software version 3.6.3. The baseline characteristics of the fall 
and non-fall groups, including frequency, percentage, mean, and 
standard deviation, were described using descriptive statistics. The 
t-tests and chi-square tests were used to compare the two groups. 
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The score distributions of the at-point CFS and MFS among the 
patients were described. We compared and analyzed the predictive 
ability of each tool in terms of sensitivity, specificity, and positive 
and negative predictive values (PPV and NPV, respectively). The 
area under the receiver operating characteristic (ROC) curve 
(AUC) was analyzed to compare the diagnostic accuracy of pre-
dicting falls and non-falls based on each tool’s evaluation score. We 
determined the cutoff score for distinguishing between the fall and 
non-fall groups by adding the sensitivity and specificity scores in 
each score range and selecting the maximum value. The signifi-
cance of the AUC difference between the fall risk assessment tools 
was analyzed using the DeLong test. 

RESULTS 

Baseline Participant Characteristics 
Table 1 presents the baseline characteristics of the study partici-
pants categorized according to fall events. Of the 2,028 total pa-

tients, 25 (1.23%) experienced falls during hospitalization, where-
as 2,003 (99.75%) did not. Participants in the non-fall group were 
younger than those in the fall group; however, the difference was 
not statistically significant. The average length of hospitalization 
was significantly longer in participants with falls than in those 
without falls (21.12 ± 15.13 vs. 9.30 ± 10.32 days; p < 0.001). The 
mean at-point CFS score was significantly higher in participants 
with falls than in those without falls (5.56 ± 1.56 vs. 4.52 ± 1.59; 
p < 0.001). The mean MFS score did not differ significantly be-
tween the two groups (45.00 ± 19.26 vs. 38.55 ± 16.76 for those 
with and without falls, respectively; p = 0.056). 

Distributions of At-Point CFS and MFS Scores 
Tables 2 and 3 show the distributions of the at-point CFS and 
MFS scores. The at-point CFS scores with the highest frequency 
of falls were 6 points with six falls (24.0%), followed by 7 points 
with six falls (24.0%), and 5 points with five falls (20.0%). In the 
fall group, the MFS scores with the highest frequency of falls were 

Table 1. Baseline characteristics of the participants 

Characteristic Total (n = 2,028) Non-fall (n = 2,003) Fall (n = 25) Χ2/t p-value
Sex
 Male 1,195 (58.9) 1,183 (59.1) 12 (48.0) 1.25 0.308
 Female 833 (41.1) 820 (40.9) 13 (52.0)
Age (y) 68.33 ± 12.74 68.29 ± 12.77 71.92 ± 9.55 -1.42 0.157
 ≤ 40 98 (4.8) 98 (4.9) 0 (0) 2.77 0.736
 41–50 88 (4.3) 87 (4.3) 1 (4.0)
 51–60 175 (8.6) 174 (8.7) 1 (4.0)
 61–70 706 (34.8) 698 (34.8) 8 (32.0)
 71–80 706 (34.8) 695 (34.7) 11 (44.0)
 ≥ 81 255 (12.6) 251 (12.5) 4 (16.0)
Length of stay (day) 9.45 ± 10.47 9.30 ± 10.32 21.12 ± 15.13 -3.89 0.001
At-point CFS 4.53 ± 1.59 4.52 ± 1.59 5.56 ± 1.56 -3.25 0.001
MFS 38.63 ± 16.81 38.55 ± 16.76 45.00 ± 19.26 -1.91 0.056

Values are presented as number (%) or mean±standard deviation.
CFS, Clinical Frailty Scale; MFS, Morse Fall Scale.

Table 2. At-point CFS score distribution of the participants 

CFS point n (%) Age (y) Non-fall (n = 2,003) Fall (n = 25)
1 12 (0.6) 52.50 ± 13.95 12 (0.6) 0 (0)
2 64 (3.2) 53.39 ± 15.19 64 (3.2) 0 (0)
3 636 (31.4) 67.17 ± 11.03 632 (31.6) 4 (16.0)
4 376 (18.5) 67.21 ± 12.88 37 (18.7) 2 (8.0)
5 369 (18.2) 68.89 ± 11.88 364 (14.4) 5 (20.0)
6 294 (14.5) 72.46 ± 11.17 288 (9.6) 6 (24.0)
7 199 (9.8) 70.95 ± 14.41 193 (3.0) 6 (24.0)
8 62 (3.1) 72.21 ± 13.47 60 (3.0) 2 (8.0)
9 16 (0.8) 76.63 ± 17.95 16 (0.8) 0 (0)

Values are presented as number (%) or mean±standard deviation.
CFS, Clinical Frailty Scale.
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41–50 points with 10 falls (40.0%), followed by 31–40 points with 
six falls (24.0%), and ≤ 20 points with three falls (12.0%). Using a 
cutoff score of 45 points, 17 patients (68.0% of the total subjects 
with fall events) had a score of ≤ 45 points. 

Sensitivity, Specificity, PPV, and NPV according to the Screening 
Tools 
For the at-point CFS, the sensitivity, specificity, PPV, and NPV 
were 84.0%, 35.4%, 1.6%, and 99.4% at a cutoff score of 4 and 
76.0%, 54.0%, 2.0%, and 99.4% at a cutoff score of 5, respectively. 
Based on the optimal cutoff score determined by the sum of sensi-
tivity and specificity presented in the ROC analysis, the optimal 
cutoff score for the at-point CFS was 5. For the MFS, the cutoff 
score of 45 points proposed by the original author during tool de-
velopment showed a sensitivity of 60.0%, specificity of 68.1%, 
PPV of 2.2%, and NPV of 99.4%; thus, the optimal cutoff score in 
this study was retained at 45 points (Table 4). 

ROC according to the Screening Tools 
The optimal cutoff points, which were determined by the maximal 
points of the sums of sensitivity and specificity, for the at-point 
CFS and MFS were 5 and 45, respectively. The AUC value of at-
point CFS was higher than that of MFS (0.68 and 0.63, respective-
ly), although not statistically significant (p = 0.31) (Fig. 1). After 
excluding participants aged < 60 years, the AUC value of the at-
point CFS was still higher than that of the MFS (0.65 and 0.61, re-
spectively), although also without statistical significance (p = 0.52) 
(Supplementary Fig. S3). Considering the potential impact of 
measurement reliability on the results, we conducted subgroup 
analyses based on the groups measured by emergency room nurses 
and experienced geriatric nurses. The AUC values for at-point 
CFS and MFS in the group measured by emergency room nurses, 
were 0.62 and 0.54, respectively, whereas in the group measured by 
experienced geriatric nurses, the AUC values were 0.76 and 0.77, 

respectively. Supplementary Fig. S4 shows the corresponding 
ROC curves for reference. 

Construct Validity of the At-Point CFS 
We observed a significant association between the at-point CFS 
and MFS. The standardized beta coefficient was 2.76, indicating a 
strong positive relationship between the two variables (p < 0.001). 
Additionally, the R2 value was 0.17. Fig. 2 presents a point plot and 
linear regression depicting this association. 

DISCUSSION 

In this comparative study, we aimed to assess the screening ability 
of the at-point CFS and MFS to identify hospitalized adults with 
high risk of falls. We found optimal cutoff points of 5 and 45 for 
the at-point CFS and MFS, respectively. Although the at-point 
CFS had higher explanatory power than the MFS, the AUC values 
did not differ significantly between the two tools. To our knowl-
edge, this is the first study to compare the screening values of the 
at-point CFS and MFS in an acute-care hospital. 

In this study, we used the at-point CFS, which is different from 
the original CFS that reflect baseline health status. However, our 
findings are consistent with those of previous studies that reported 
the optimal cutoff point for CFS in determining frailty status.23) 
Our current observations are also concordant with our previous 
report showing that a cutoff point of 5 for the at-point CFS can 
predict various geriatric adverse events such as pressure ulcers, de-
lirium, longer duration of hospitalization, unexpected emergency 
department visits after discharge, and institutionalization after dis-
charge in hospitalized patients aged ≥ 65 years.17) This consistency 
lends further credibility to our results and suggests that the at-
point CFS may serve as a useful tool for predicting fall risk among 
hospitalized adults.  

Falls are the result of a complex system failure rather than a sin-

Table 3. MFS score distribution of the participants 

MFS score n (%) Age (y) Non-fall (n = 2,003) Fall (n = 25)
≤ 20 376 (18.5) 61.76 ± 15.55 373 (18.6) 3 (12.0)
21–30 98 (4.8) 67.70 ± 13.37 97 (4.8) 1 (4.0)
31–40 899 (44.3) 68.87 ± 10.02 893 (44.6) 6 (24.0)
41–50 330 (16.3) 71.22 ± 12.36 320 (16.0) 10 (40.0)
51–60 180 (8.9) 71.43 ± 12.82 178 (8.9) 2 (8.0)
61–70 51 (2.5) 72.86 ± 11.25 51 (2.5) 0 (0)
71–80 38 (1.9) 68.87 ± 19.43 36 (1.8) 2 (8.0)
81–90 28 (1.4) 72.64 ± 11.13 28 (1.4) 0 (0)
≥ 91 28 (1.4) 74.46 ± 11.73 27 (1.3) 1 (4.0)

Values are presented as number (%) or mean±standard deviation.
MFS, Morse Fall Scale.
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gle cause, making them a component of geriatric syndromes, 
which are multifactorial health conditions that arise from accumu-
lated impairments in multiple systems.10,24) Frailty is a common 
and important geriatric syndrome that is closely associated with 
falls.25) Physical frailty, characterized by a decline in physical func-
tion and muscle strength, can lead to a loss of balance and in-
creased risk of falls.26) Furthermore, falls are often a consequence 
of the inability to perform multiple tasks due to cognitive decline 
and inability to integrate sensory inputs.24) Polypharmacy, another 
phenotype that reflects deficits in systemic integrity, is also an im-
portant risk factor for falls.27) Various studies have demonstrated 
that frailty is an important risk factor for falls among different pop-

ulations.26,28,29) Hence, falls result from a systemic failure, a concept 
that may be applicable not only to older adults but also to younger 
populations. 

The CFS is a simple and rapid tool for assessing frailty and has 
shown promising results in predicting falls. Church et al.23) showed 
the predictive ability of CFS in 71% of fall cases in a scoping re-
view. Hatcher et al.30) demonstrated that the CFS score at admis-
sion predicted readmission for falls after trauma-related injuries. 
The Center for Effective Practice recommends the CFS as a 
screening tool to evaluate the risk of falls in community-dwelling 
adults.31) Jung et al.17) showed that an at-point CFS ≥ 5 was associ-
ated with an increased risk of falls, with an odds ratio of 1.74 in 
older hospitalized patients. However, none of the studies utilized 
the at-point CFS in acute medical conditions in populations in-
cluding young adults. 

The MFS is a tool commonly used to assess fall risk among hos-
pitalized patients; however, it has several limitations compared to 
those of the CFS. One major advantage of the CFS is because it 

Table 4. Comparison of sensitivity, specificity, PPV, NPV, and AUC for the fall risk assessment tool 

Tool Cutoff score Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC
At-point CFS 2 100 0.6 1.24 100 0.681

3 100 3.8 1.28 100
4 84.0 35.4 1.60 99.44
5 76.0 54.0 2.02 99.45
6 56.0 72.2 2.45 99.25
7 32.0 86.6 2.89 99.03
8 8.0 96.2 2.56 98.82

MFS 35 84.0 23.5 1.35 99.16 0.626
45 60.0 68.1 2.29 99.27
55 20.0 84.0 1.54 98.83
65 12.0 92.9 2.07 98.83
75 12.0 95.5 3.19 98.40

CFS, Clinical Frailty Scale; MFS, Morse Fall Scale; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve.
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Fig. 2. Point plot and linear regression between the at-point Clinical 
Frailty Scale and Morse Fall Scale.
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was initially developed to evaluate frailty, it can predict a wide 
range of geriatric syndromes other than falls, including outcomes 
such as delirium and pressure ulcers.17,23,32) In contrast, the MFS 
measures only the risk of falls, although some of its components 
include a range of frailties, such as a history of falls and cognitive 
function. Another limitation of the MFS is the burden to ask six 
questions to every individual, whereas the CFS requires only one 
question. Furthermore, the accuracy and cutoff score of the MFS 
are controversial, as previous studies have shown mixed results.8,9) 

One of the key strengths of this study was its comparative ap-
proach, which allowed for a more comprehensive assessment of 
the at-point CFS and MFS to identify hospitalized adults with a 
high risk of falls. To our knowledge, this is the first study to com-
pare the screening values of the two assessment tools in an acute-
care hospital setting, making the result an important contribution 
to the existing literature. Furthermore, our findings are consistent 
with previous research on the optimal CFS cutoff points for deter-
mining frailty status, providing further support for the at-point 
CFS as a valuable screening tool for fall risk. Additionally, our 
study builds on prior research by demonstrating the ability of the 
at-point CFS to predict various geriatric adverse events, further 
highlighting its potential clinical utility. 

Despite its strengths, our study had several limitations. First, this 
study was conducted in a single acute-care hospital, which might 
limit the generalizability of our results to other healthcare settings 
and patient populations. Second, although we found no significant 
differences in AUC values between the assessment tools, the sam-
ple size might not have been sufficient to detect subtle differences 
in their predictive abilities. Third, our study did not evaluate other 
potentially relevant risk factors of fall such as clinical, environmen-
tal, or situational factors, which could have provided additional in-
sights into the most effective strategies for fall prevention and in-
tervention. Fourth, only two participants aged < 60 years experi-
enced falls, which might appear insufficient. However, as younger 
patients are less prone to falls, this situation was unavoidable. As 
shown in Supplementary Fig. S3, the exclusion of younger partici-
pants from the analysis did not affect the overall results. Finally, the 
inclusion of two distinct groups assessed by emergency room 
nurses and experienced geriatric nurses could potentially affect the 
reliability of the at-point CFS measurement. However, the results 
of the subgroup analysis comparing these two groups showed that 
this factor did not significantly affect the main results. Nonetheless, 
further investigations are needed in future studies.  

In conclusion, the results of our study demonstrated that the at-
point CFS is an effective tool for identifying fall risk among hospi-
talized adults, with a performance comparable to that of the MFS. 

Therefore, the at-point CFS may be a valid screening tool for fall 
risk in hospitalized adults. 
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