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Predictive Power of Dependence and Clinical-Social Fragility
Index and Risk of Fall in Hospitalized Adult Patients: A

Case-Control Study
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Objectives: Accidental falls are among the leading hospitals’ adverse
events, with incidence ranging from 2 to 20 events per 1.000 days/patients.
The objective of this study is to assess the relationship between in-hospital
falls and the score of 3 DEPendence and Clinical-Social Fragility indexes.
Methods: Amonocentric case-control study was conducted by retrieving
data of in-hospital patients from the electronic health records.
Results: Significant differences between the mean scores at the hospital
admission and discharge were found. The BRASS scale mean (SD) values
at the admission and at the dischargewere also significantly higher in cases
of in-hospital falls: at the admission 10.2 (±7.7) in cases versus 7.0 (±8.0)
in controls (P = 0.003); at the discharge 10.0 (±6.4) versus 6.7 (±7.5)
(P = 0.001). Barthel index mean (SD) scores also presented statistically
significant differences: at the admission 60.3 (±40.6) in cases versus 76.0
(±34.8) in controls (P = 0.003); at discharge 51.3 (±34.9) versus 73.3
(±35.2) (P = 0.000).

Odds ratios were as follows: for Barthel index 2.37 (95% CI,
1.28–4.39; P = 0.003); for Index of Caring Complexity 1.45 (95% CI,
0.72–2.91, P = 0. 255); for BRASS index 1.95 (95% CI, 1.03–3.70, P =
0.026). With BRASS index, the area under the curve was 0.667 (95% CI,
0.595–0.740), thus indicating a moderate predictive power of the scale.
Conclusions: The use of only Conley scale—despite its sensitivity and
specificity—is not enough to fully address this need because of the multi-
ple and heterogeneous factors that predispose to in-hospital falls. There-
fore, the combination of multiple tools should be recommended.

Key Words: falls, diagnosis, intervention, prevention, risk assessment

(J Patient Saf 2024;20: 240–246)
From the *Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome;
†Forensic Medical Sciences, Department of Health Science, University of Flor-
ence; ‡Department of Life Sciences and Public Health, Università Cattolica del
Sacro Cuore, Rome; §Strategica Risk Consulting Srl, Milan; ||Department of
Health Surveillance and Bioethics, Section of Legal Medicine, Università
Cattolica del Sacro Cuore, Fondazione Policlinico Universitario A. Gemelli
IRCCS, Rome, Italy; and ¶Section of Hygiene - Institute of Public Health,
Università Cattolica del Sacro Cuore, Fondazione Policlinico Universitario
'Agostino Gemelli'.
Correspondence: Marco Cioce, MSc, RN, Via Bernardo Barbiellini Amidei, 43

– 00168, Rome (e‐mail: Marco.cioce@policlinicogemelli.it).
A.O. and G.V. are joint senior authors.
The authors disclose no conflict of interest.
All the authors contributed substantially to the study design, data collection,

data analysis and interpretation, drafting, critically review, and final
approval of the version submitted for publication. Those entitled to
authorship are listed as authors.

The local ethics committee approved this study (prot. 12720/22 ID: 4859).
Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in any way or
used commercially without permission from the journal.

240 www.journalpatientsafety.com
BACKGROUND
Accidental falls, defined as “inadvertently coming to rest on

the ground, floor or other lower level, excluding intentional
change in position to rest in furniture, wall or other objects,”1

are among the leading hospitals’ adverse events, with incidence
ranging from 2 to 20 events per 1.000 days/patients (depending
on the setting of care).2–7 Accidental falls mainly concern fragile
patients, especially those affected by dementia8: approximately a
third of patients older than 65 years falls at least once a year and
the 10% of the events causes significant injuries.9 Different fac-
tors, like age, sex, comorbidities, physical/psychological impair-
ment, and drugs, tend to increase the risk of in-hospital factors.10

Approximately 78% of in-hospital falls as classified as predictable—
being due to individual factors that need to be assessed at the clin-
ical evaluation,11 while the remaining 14% are classified as acci-
dentals (e.g., slipping on wet floors), and 8% as unpredictable in
strict sense—being due to sudden individual factors (e.g., loss
of consciousness). Indeed, a comprehensive assessment of the pa-
tient’s conditions is a key factor to prevent in-hospital falls that are
to a large extent related to physical (e.g., degree of patient’ auton-
omy in the daily life activities), neurocognitive, biometabolical,
emodynamical, and social factors.12–15 DEPendence and Clinical-
Social Fragility indexes (DEP-CSF indexes) are commonly used
to assess the fall risk, being able to evaluate risk factors like the car-
ing complexity (Index of Caring Complexity), the functional de-
pendence in daily life activities (Barthel index) and the need a more
comprehensive discharge plan (Blaylock Risk Assessment Screen-
ing Score [BRASS]).16–18 Albeit—as just said—there are different
DEP-CSF indexes based on different risk factors, there is no tool
based on the combined assessment of multiple risk factors but for
the Conley scale, which has six items and flags fall risk when more
of an item is found.19 This tool is relatively easy to use; however, its
sensitivity is 60% to 69% and specificity 41% to 61%, with positive
predictive value of 2.7%.20–22 As such, many authors advise against
the use of this only tool for a comprehensive assessment.14,16

The primary objective of this study was to assess the predictive
power of 3 DEP-CSF indexes in identifying the in-hospital falls,
and the secondary objective was to evaluate the association be-
tween DEP-CSF indexes and in-hospital falls risk.
MATERIALS AND METHODS

Study Design
Amonocentric case-control study was conducted at Fondazione

Policlinico Universitario A. Gemelli IRCCS (Rome, Italy), by re-
trieving data of in-hospital patients from the electronic health
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TABLE 1. General Characteristics

Fall No Fall Total Fall No Fall Total

n % n % n % Mean SD Mean SD Mean SD

Case-control groups 108 50 108 50 216 100
Sex Male 69 63.9 47 43.5 116 53.7

Female 39 36.1 61 56.5 100 46.6
Age 69.0 13.4 66.7 17.4 67.8 15.6
Education Elementary school 7 6.5 9 8.3 16 7.4

Middle school 21 19.4 21 19.4 42 19.4
High school 21 19.4 25 23.1 46 21.3
University 14 13.0 16 14.1 30 13.9

No education 3 2.8 3 2.8 6 2.8
N/A 42 38.9 34 31.5 76 35.2

Hospital admission Planned 54 50 54 50 108 50
Unplanned 54 50 54 50 108 50

Diagnosis at the admission Cancer 42 38.9 42 38.9 84 38.9
No cancer 66 61.1 66 61.1 132 61.1

Discharge Discharge 92 85.2 92 85.2 184 85.2
Transfer to a public hospital 4 3.7 6 5.6 10 4.6
Transfer to private hospital 2 1.85 2 1.85 4 1.85

Death 10 9.3 8 7.4 18 8.3
Hospital stay 31.7 44.8 9.6 10.5 20.7 34.3

N/A, not available.
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records. The data referred to January 1, 2021, to July 30, 2021. The
study was approved by the local ethics committee on April 7, 2022
(prot. 12720/22 ID: 4859).

Study Populations
Cases are defined as in-hospital falls as flagged by the incident

reporting system of the hospital. An equal number of controls were
considered, defined as in-hospital patients experiencing no falls in
the same period. The 2 groups were homogeneous in terms of age
FIGURE 1. Dependence clinical-social fragility index and type fall/no fall

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
(older than 18 y), education, kind of hospital admission (planned/
unplanned), diagnosis at the admission, and type of discharge.
Samples Size
As no similar study has been published in the literature, we as-

sumed a dz (effect size) value of 0.5. Applying the Student t test
with P values <0.05, it was estimated that at least 108 cases had
to be analyzed.
groups: differences between the means.

www.journalpatientsafety.com 241
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FIGURE 2. Dependence clinical-social fragility index and type of hospital admission: differences between the means.
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Dependence and Clinical-Social Fragility Indexes
•Index of Caring Complexity16: it reflects the caring complexity.
The scores range from 7 to 28, with critical values between 12
and 19 indicating high risk and between 7 and 11 very high risk;
•Barthel index17: it reflects daily life activities. The scores range
from 0 (completely dependent on caregivers) to 100;
•BRASS18: it reflects recommendations regarding discharge plan-
ning. The scores going from 0 to 40 with values between 11 and
19 indicating high risk and between 20 and 40 very high risk.
Endpoints

The primary objective of this study was to assess the predictive
power of 3 DEP-CSF indexes in identifying the in-hospital falls,
and the secondary objective was to evaluate the association be-
tween DEP-CSF indexes and in-hospital falls risk.
TABLE 2. Statistically Significant Differences Between the
Means of the Groups (Dep-CSF Indexes, and Fall/No Fall,
Planned/Unplanned Hospital Admission)

Group n Mean SD 95% CI P

Barthel No fall (control) 108 76.0 34.8 69.3–82.6 0.003
Fall (case) 108 60.3 40.6 52.6–68.1

BRASS No fall (control) 108 7.0 8.0 5.4–8.5 0.003
Fall (case) 108 10.2 7.7 8.7–11.6

IDA No fall (control) 108 24.0 4.9 23.1–25.0 0.004
Fall (case) 108 22.0 5.4 21.0–23.0

Barthel Planned 108 82.7 31.4 76.7–88.7 0.000
Unplanned 108 53.6 39.5 46.0–61.1

BRASS Planned 108 5.8 5.6 4.7–6.8 0.000
Unplanned 108 11.4 9.0 9.6–13.1

IDA Planned 108 25.1 4.3 24.3–25.9 0.000
Unplanned 108 20.9 5.3 19.9–21.9

242 www.journalpatientsafety.com
Statistical Analysis

Software Stata/IC v. 16.1 was used for statistical analysis.
Shapiro-Wilk test was used as a test of normality. Variables of in-
terest in the cases and in the controls were compared using Stu-
dent t test and Mann-Whitney test. P values ≤0.05 were adopted
as threshold for statistical significance. Accuracy and cutoff
values were evaluated through receiver operating characteristics
(ROC) curves. Finally, odds ratios (ORs) were calculated using
χ2 tests to express the association between in-hospital falls and
DEP-CSF indexes.
RESULTS

Cases and Controls

One hundred eight cases and 108 controls were included by ap-
plying the eligibility criteria. The 53.7% of the total study popula-
tion was of male sex and the leading age group was the 71 to 80
(36.5% of the cases) followed by the 51 to 60 (17.5%). Main diag-
nosis at the admission was SARS-CoV-2 infection (25.9%) and
most of the patients were discharged (75%) while the 8.3% of
them died during the hospital stay. Other general characteristics
are summarized in Table 1.
TABLE 3. Relationship Between Conley Scale and Fall/No Fall

Group Obs Mean SE SD 95% CI p50 IQR P

No fall (control) 108 1.3 0.18 1.9 0.92–1.7 0.001
Fall (case) 108 2.4 0.24 2.6 1.9–2.9
No fall (control) 108 0 1.5 0.001
Fall (case) 108 2 4

IQR, interquartile range; p50, 50th percentile.

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 4. Predictive Performance—Conley Index

Observed
Falls

+ − Total Se 54.6%
Predicted fall + 59 27 86 Sp 75.0%

− 49 81 130 PPV 68.6%
Total 108 108 216 NPV 62.3%

Correctly classified 64.8%

PPV/NPV, positive and negative predicted values; Se, sensitivity; Sp,
specificity.
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Relationships Between Variables of Interest

Statistically significant differences between the mean (SD) scores
at the hospital admission and discharge were found when Index of
Caring Complexity was evaluated (Fig. 1): at the admission 22.0
(±5.4) in cases of in-hospital falls versus 24.0 (±4.9) in controls
(P = 0.004); at discharge 21.5 (±4.8) in cases versus 23.3 (±5.3) in
controls (P= 0.014). TheBRASSmean (SD) values at the admission
and at the discharge were also significantly higher in cases of
in-hospital falls: at the admission 10.2 (±7.7) in cases versus 7.0
(±8.0) in controls (P = 0.003); at the discharge 10.0 (±6.4) versus
6.7 (±7.5) (P = 0.001). Finally, Barthel index mean (SD) scores also
presented statistically significant differences: at the admission 60.3
(±40.6) in cases versus 76.0 (±34.8) in controls (P = 0.003); at dis-
charge 51.3 (±34.9) versus 73.3 (±35.2) (P = 0.000).

Significant differences between mean (SD) scores in the cases
of planned admission versus unplanned admission (Fig. 2): for In-
dex of Caring Complexity at the admission 20.9 (±5.3) versus
25.1 (±4.3) (P = 0.000) and at discharge 20.8 (±5.7) versus 24.0
(±3.8) (P = 0.000); for BRASS at the admission 11.4 (±9.0) ver-
sus 5.8 (±5.6) (P = 0.000) and at discharge 10.7 (±8.0) versus 6.0
(±5.2) (P = 0.000); using Barthel index at the admission 53.6
(±39.5) versus 82.7 (±31.4) (P = 0.000) and at discharge 47.5
(±35.8) versus 77.0 (±32.4) (P = 0.000) (Table 2).
FIGURE 3. Predictive fall performance with ROC.

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
Predictive Performance

Conley Index
The mean (SD) values using Conley Index showed statistically

significant differences between cases of in-hospital falls 2.4
(±2.6) and controls 1.3 (±1.9) (P = 0.001). If median (interquartile
values) values were considered, the differences were still signifi-
cant: 2 (4) versus 0 (1.5) (P = 0.001) (Table 3). Of 108 cases,
59 were correctly identified as at risk (sensitivity = 54.6%) while
81 of the 108 controls were correctly identified as not at risk
(specificity = 75%) (Table 4).

Dep-CSF Index
Odds ratios were as follows: for Barthel index 2.37 (95% CI,

1.28–4.39, P = 0.003); for Index of Caring Complexity 1.45
(95% CI, 0.72–2.91, P = 0. 255); for BRASS index 1.95 (95%
CI, 1.03–3.70, P = 0.026).

Predictive performance was computed based on 108 falls from
214 subjects. With BRASS index, the area under the curve (AUC)
was 0.667 (95%CI, 0.595–0.740), thus indicating a moderate pre-
dictive power of the scale. With IDA’s index, the AUC was 0.628
(95% CI, 0.555–0.702), thus indicating a moderate predictive
power of the scale. Finally, with Barthel index, the AUC was
0.624 (95% CI, 0.554–0.694), thus indicating a moderate predic-
tive power of the scale (Fig. 3).

The ORs end ROC curve are reported in Table 5.
The best cutoff was for BRASS 5 (64.8%), for Index of Caring

Complexity 26 (60.20%), and for Barthel index 60 (59.70%) (Table 6).

DISCUSSION
In our sample, each risk assessment tool revealed strengths and

weaknesses. In comparison with previous evidence,20–22 Conley
index showed higher specificity and positive predictive value but
lower sensitivity. The observed prevalence of correctly classified
cases entails that more than a third of the patients was
misclassified (64.8%), a finding that—if combined with the rela-
tively low sensitivity (54.6%)—implies that this indexmay expose
the hospital to a relatively high chance of underestimating the risk
www.journalpatientsafety.com 243
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TABLE 5. Predictive Performance Dep-CSF Index

Obs ROC Area OR 95% CI P

Barthel 216 2.37 1.28–4.39 0.003
0.62 0.55–0.69 0.001

BRASS 216 1.95 1.03–3.70 0.026
0.67 0.59–0.74 0.001

IDA 216 1.45 0.72–2.91 0.255
0.63 0.55–0.70 0.001
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of in-hospital falls and thenmainly to avoidable indirect costs (i.e.,
compensations in cases of personal damages). Similarly, in the
“risk area” (Table 6), BRASS index showed relatively poor sensi-
tivity but high specificity.

Barthel index presented a sensitivity that inversely correlated
with cutpoint, being particularly high at lower cutpoints. Instead,
but for cutpoint 100 (that is outside the “risk area”), specificity
was relatively low. At different cutpoints, this index related to
prevalences of correctly classified patients ranging from 50.00%
and 59.70%. Therefore, in our study, Barthel index was associated
with an overestimation of the risk and thus with the implementa-
tion of unnecessary preventive measures (an issue that can mainly
impact on direct costs). Similarly, in the “risk area,” IDA’s index
related to good sensitivity but low (lower than 20%) specificity.

In detail, our study found a statistically significant relationship be-
tweenvariations in the scores ofDEP-CSF indexes (Barthel index, In-
dex of Caring Complexity, and BRASS) and in-hospital falls.

This evidence can be explained by the fact that physical/
neurological impairment and in general a decreased physical activity
and capacity of performing daily life activities predispose to a higher
risk of falling.23–28 Therefore, because all these factors are associated
with long hospital stays, it can be inferred that length of hospitaliza-
tion may expose (especially at-risk) patients to the risk of falling.29

The secondary endpoint of this article was to evaluate
whether DEP-CSF indexes can reliably predict the risk of
in-hospital falls. For each scale, ROC curves were considered
TABLE 6. Predictive Performance: Best Cutoff

Barthel BRAS

CP SE SP CC CP SE

0 100.0% 0.0% 50.00% 0 100.0%
5 85.2% 4.6% 55.10% 3 91.7% 3
15 80.6% 6.5% 56.50% 5 74.1% 5
25 74.1% 16.7% 54.60% 7 55.6% 6
35 66.7% 19.4% 56.90% 9 45.4% 7
45 59.3% 23.2% 58.80% 11 37.0% 7
55 56.5% 24.1% 59.70% 15 24.1% 8
60 54.6% 25.9% 59.70% 19 18.5% 8
65 52.8% 27.8% 59.70% 21 15.7% 9
75 51.9% 33.3% 57.40% 25 6.5% 9
85 47.2% 37.0% 57.90% 31 0.9% 9
95 43.5% 38.9% 58.80% 36 0.0% 1
100 0.0% 100.0% 50.00%

Bold text indicates risk area.

CP, cutpoint; SE, sensitivity; SP specificity.

244 www.journalpatientsafety.com
to find the best cutoff, leading to findings consistent with previ-
ously reported cutoffs.14,21,22,30–32 Moreover, the ORs sup-
ported a significant relationship between variations in these
scales (in particular of Barthel index).

That being said, according to Swets classification, we evaluated
the accuracy of the scores considering the areas under the ROCs,
finding values (0.63–0.67) slightly under the lower limit (0.7) for
the range corresponding to moderate accuracy.33

This evidence supports the necessity of combining Conley
scale with other indexes, in particular to achieve a better accuracy
in identifying patients at high risk and tailor specific preventive in-
terventions.34 Indeed, many authors advised against the adoption
of a single index, because of the high number of factors that
may predispose to in-hospital falls.33,35

Another relevant finding is given by the statistically significant
relationship between decrease in all the DEP-CSF indexes and the
unplanned hospital admission. For instance, we found a statisti-
cally significant difference in values of Barthel index at the un-
planned admissions—53.6 (SD, ±39.5)—versus at the planned
admissions—82.7 (SD, ±31.4). Unplanned hospital admissions
entail the admissions to emergency rooms, which are environ-
ments presenting different hazards, and combining our findings,
it can be stated that this kind of admission may cause a further in-
crease in the risks of patients that can be classified as fragile in the
light of DEP-CSF indexes scores. However, because the numbers
of planned and unplanned admissions were equal between cases
and controls, this evidence is limited and should be confirmed
by future research.

Empowering clinicians with risk assessment tools considering
multiple factors could lead to a decrease in the hospital costs be-
cause, as said, besides their impact on morbidity and mortality,
in-hospital falls cause an increase in the rate of hospital admis-
sions and in the length of stay, adjunctive diagnostic/therapeutic
interventions and, thus, an inflation of the costs of care.36 More-
over, according to MEDMAL report on medical malpractice in a
sample of Italian public and private healthcare facilities, the
13.6% of noncompensated medical malpractice claims was due
to in-hospital falls in the 2010–2019 period. In the studied cases,
in-hospital falls were the third leading cause of medical
S IDA

SP CC CP SE SP CC

0.0% 50.0% 9 100.0% 0.0% 50.00%
2.4% 62.0% 10 100.0% 1.9% 49.10%
5.6% 64.8% 12 96.3% 1.9% 50.90%
7.6% 61.6% 14 90.7% 4.6% 52.30%
4.1% 59.7% 16 85.2% 7.4% 53.70%
6.9% 56.9% 18 75.9% 11.1% 56.50%
4.3% 54.2% 19 74.1% 19.4 53.20%
8.0% 53.2% 20 69.4% 21.3% 54.60%
1.7% 53.7% 22 55.6% 27.8% 58.30%
6.3% 51.4% 24 48.2% 32.4% 59.70%
7.2% 49.1% 26 38.9% 40.7% 60.20%
00.0% 50.0% 28 17.6% 63.0% 59.70%

28 0.0% 100.0% 50.00%

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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malpractice claims (after diagnostic and surgical errors)37,38; 97%
of the cases led to physical injuries and in the 2.4% to death.32

Preventing in-hospital falls could thus entail a decrease also in
hospital costs for medical malpractice claims, being at the least a
part of these events preventable.

A possible future perspective of this research consists in verify-
ing through prospective studies whether DEP-CSF indexes may
be used as a predictor of in-hospital falls when combined with
specific tools like Conley. This question remains open because
our evidence only partly supports this hypothesis.

LIMITATIONS
We cannot exclude the presence of selection bias and/or recall

bias (related to the heterogeneity of anamnestic data of the 2
groups of the study population).

Furthermore, the 2 groups (planned and unplanned) the 2
groups are not entirely homogeneous.

CONCLUSIONS
The main scope of developing an accurate and reliable ap-

proach to assess the risk of in-hospital falls in adult inpatients is
to stratify the risk, aiming to flag the cases at highest risk who
could be targeted by specific preventive interventions. The use
of only Conley scale—despite its sensitivity and specificity—is
not enough to fully address this need because of the multiple
and heterogeneous factors that predispose to in-hospital falls. Fi-
nally, as discussed, in the risk areas, the tools showed heteroge-
neous values of specificity and sensitivity, implying that the use
of multiple tools may be a forced choice not only to address the
complexity of risk factors but also to offset benefits and deficits
of each single index. However, the use of multiple tools can be
quite impractical, and creating a single tool tackling all aspects
would be a possible solution of this issue.
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