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Purpose: Injurious falls seriously threaten the safety of elderly patients. Identifying risk
factors for predicting the probability of injurious falls is an important issue that still needs to
be solved urgently. We aimed to identify predictors and develop a nomogram for distinguish-
ing populations at high risk of injurious falls from older adults in acute settings.

Patients and Methods: A retrospective case—control study was conducted at three hospi-
tals in Shanghai, China. Elderly patients with injurious falls from January 2014 to
December 2018 were taken as cases, and control patients who did not have falls were
randomly matched based on the admission date and the department. The data were collected
through a medical record review and adverse events system. The original data set was
randomly divided into a training set and a validation set at a 7:3 ratio. A nomogram was
established based on the results of the univariate analysis and multivariate logistic regression
analysis, and its discrimination and calibration were verified to confirm the accuracy of the
prediction. The cut-off value of risk stratification was determined to help medical staff
identify the high-risk groups.

Results: A total of 115 elderly patients with injurious falls and 230 controls were identified.
History of fractures, orthostatic hypotension, functional status, sedative-hypnotics and level
of serum albumin were independent risk factors for injurious falls in elderly patients. The
C-indexes of the training and validation sets were 0.874 (95% CI: 0.784-0.964) and 0.847
(95% CI: 0.771-0.924), respectively. Calibration curves were drawn and showed acceptable
predictive performance. The cut-off values of the training and validation sets were 146.3
points (sensitivity: 73.7%; specificity: 87.5%) and 157.2 points (sensitivity: 69.2%; specifi-
city: 85.5%), respectively.

Conclusion: The established nomogram facilitates the identification of high-risk popula-
tions among elderly patients, providing a new assessment tool to forecast the individual risk
of injurious falls.

Keywords: acute hospitalization, elderly adults, injurious falls, nomogram, prediction tool

Introduction

Accidental falls are a serious threat to public health, especially among the elderly
individuals, and have become a major problem that needs to be addressed urgently.'
Approximately one-third of older elder individuals reported one or more falls in the
past 12 months, with 37.5% of falls resulting in injuries and requiring medical
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treatment.” In acute care settings, falls are also common
adverse events in elderly individuals due to complex dis-
ease conditions, reduced adaptability and other causes,
resulting in a significant increase in the length of hospital
stay and medical expenses because of the additional treat-
ment of fall-related injuries.”>”’

The guidelines released to provide instructions for the
prevention of falls recommend to screening and assessing
risk factors for older persons and considering the identify-
ing factors to be a meaningful risk-averse approach to
reduce the incidence of falls.*® In recent years, several
studies have pointed out that falls are the result of
a combination of internal and external factors of elderly
individuals and have developed relevant assessment tools
for screening the high-risk population, which is important
and essential for implementing effective interventions and
reducing the incidence of falls.'®"'* However, more impor-
tantly, regarding the negative outcomes, such as limited
function, disability and loss of independence, identifying
the factors associated with injurious falls deserves more
attention in prevention programs and has not been com-
pletely explored. It remains unknown whether the predic-
tive performance of tools designed for assessing the risk of
falls is suitable for the effective prediction of injuries.

Concerning injurious falls, some studies have shown
that predictors including sex, history of falls, medications,
etc. were significantly related to adverse events and could
be an accessible reference for medical staff.'*"'® Aryee
et al pointed out that a history of falls, male sex, psycho-
tropic agents, joint replacement and recent surgery were
associated with the event of injurious falls.'® Lorraine et al
collected data from patients who sustained an injury after
falls and argued that race and medicines were independent
risk factors for injurious falls.'> However, the above stu-
dies only focused on the exploration of risk factors rather
than risk prediction. How to translate the results into an
appropriate form and make it easier for medical staff to
apply the results in clinical practice is an issue that needs
to be addressed urgently.

Nomograms, which based on the predictive indicators of
a clinical event, can calculate the individual probability by
presenting a simple, visual graphical representation.'”'®
Because of their user-friendly interfaces and rapid and accu-
rate predictive capabilities, nomograms have been exten-
sively used in oncology.'”'? In inpatient settings, the risk
of falls is usually expressed in a graded manner, which may
cause some elderly patients and their primary caregivers to
misunderstand the risk of falls, which may be caused by

educational or regional differences. Using a nomogram to
represent the numerical risk, for older adults and their pri-
mary caregivers, may actively improve the awareness of the
prevention of falls. For medical staff, the method of direct
numerical risk and corresponding stratification, which can be
applied to smart devices, is easy to use and facilitates clinical
decision-making.

In light of these considerations, the purpose of this
investigation was to determine the risk factors and develop
a scoring nomogram to predict the risk of injurious falls
for elderly patients in acute hospitals. Moreover, the estab-
lishment of a new method of risk stratification to identify
high-risk populations can facilitate the implementation of
targeted interventions to reduce severe consequences and
improve the quality of care.

Materials and Methods

A retrospective case—control study was performed to identify
predictors of injurious falls in three acute care hospitals in
Shanghai. The primary goal was to construct a user-friendly
nomogram for forecasting the risk of injurious falls and to
validate its predictive performance in order to confirm the
feasibility of its clinical application.

Study Population

All elderly patients with injurious falls after admission in
the three acute public hospitals from January 2014 to
December 2018 were included in the case group; these
cases had already been reported by the adverse events
system designed for recording the information about the
characteristics of the fall event. Fall events are defined as
“inadvertently coming on the ground, floor or other lower
level, excluding intentionally changing the position and
falling on furniture, walls or other objects”. According to
the occurrence of injury, falls can be divided into injurious
falls and non-injurious falls. The classification criteria for
injuries were based on the National Database of Nursing
Quality Indicators (NDNQI), which includes five levels of
injury: none, minor, moderate, major, and death.?® In our
study, we included the elderly patients who suffered falls
with injury during hospitalization as the case group. The
control group was identified from the electronic medical
record system, and matching was performed at a ratio of
1:2 through the individual matching method. The inclusion
criteria for both groups included age >65 years, with
relatively complete medical records for the data collected.
Due to the multicenter design, each hospital implemented
a different fall prevention strategy, and the environment,
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staffing and disease type of each department were differ-
ent, which may have certain interference effects on the
analysis of risk factors. Therefore, we set the admission
date (£3 days) and the same department, which were not
thought to be associated with injurious falls, as matching
conditions to neutralize the differences in the fall preven-
tion strategies and balance the differences in the overall
medical conditions for the adjustment of selection bias.
Regarding the randomness method, if a case had more
than twoeligible matches, we would obtain the serial num-
bers in turn, and finally selected the control patient through
a random number generation software. Whether there was
a fall event in the control group was not the selection
criterion of the control group. According to a previous
study, the prevalence of males among patients without
injurious falls was 40.3%.?' We assumed that the relative
risk was 3.00, with two-sided a-level of 0.05 and statistical
power of 90%. The minimum sample size in the case
group was 71 patients with injurious falls, and that of the
control group was 142 patients.”” The Ethics Committee of
Huashan Hospital Affiliated to Fudan University approved
this study protocol and waived the requirement for
informed consent due to the retrospective design. The
patient data accessed complied with relevant patient data
protection and privacy regulations. The study was per-
formed in accordance with the ethical standards of the
1983 Declaration of Helsinki.

Measures
Details on the demographic and medical data were col-
lected, including age, sex, body mass index (BMI), num-
ber of comorbidities, history of falls in the preceding 12
months, history of fractures, orthostatic hypotension (OH),
altered or limited mobility gait problems, functional status
(independent vs partially dependent vs completely depen-
dent), medication that was administered 24 hours before
the falls (sedative-hypnotics, antipsychotics, antihyperten-
sive drugs, insulin or oral hypoglycemics, diuretics) and
laboratory tests (hemoglobin, serum albumin, serum
potassium, international normalized ratio[INR]). For the
case group, we collected data at the time of admission as
close as possible to the injurious fall events when avail-
able. For the control group, the variables collected were
within 24 hours of admission. For example, the laboratory
values collected were the closest test before the events.
And in the controls, the tests collected were the first
laboratory values after admission. Due to the certain dif-
in the cut-off values

ferences of different testing

instruments used in each hospital, the laboratory tests
were expressed as low, normal and high levels according
to the respective assessment of each hospital. Diuretics
were used as a statistical variable, while the recorded
antihypertensive drugs did not include diuretics. The
related data of injurious falls were also gathered to sum-
marize the characteristics of injurious falls, including the
time, location, activity, and so on.

Statistical Analysis

All statistical analyses were calculated with IBM SPSS,
Version 23.0 (SPSS Inc., Chicago, USA). A P < 0.05
was used to describe statistically significant differences.
The characteristics of the study group and control group
are described by the mean + standard deviation (SD) or
frequency and percentage. In comparing the group dif-
ferences, the Student’s #-test or Mann—Whitney U-test
was performed for continuous variables, and the chi-
square test or Fisher’s exact test was performed for
categorical variables. Based on the results of univariate
analysis, statistically significant variables (P<0.05) were
considered in a multivariate conditional logistic regres-
sion model to screen out independent predictors of injur-
ious falls, and generate odds ratios (ORs) and 95%
confidence intervals (95% Cls) to draw the primary
conclusion. In multicollinearity tests, the variables of
the level of hemoglobin and gait problems were highly
associated with other variables and were excluded from
the model. A nomogram was established by R, Version
3.4.3 (https://www.r-project.org). The predictive perfor-

mance was measured by discrimination, calibration, and
clinical utility. The area under the curve (AUC) of the
receiver operating characteristic (ROC) curve was
expressed by the C-index, which reflected the ability of
the model to discriminate between those who would
suffer injurious falls from those who would not. The
C-index generally ranges from 0.5 (no better than
chance) to 1.0 (perfect discrimination).?® The nomogram
was then internally validated by 1000 bootstrap resam-
plings to reduce the bias and verify its predictive accu-
racy. Calibration plots were used to assess the
nomogram’s calibration, which refers to how close the
risk predicted by the nomogram is to risk actually
observed. For application in clinical practice, the cut-
off value corresponding to the maximum Youden index
(sensitivity+specificity-1) was determined to stratify the

high/low risk of injurious falls.

Clinical Interventions in Aging 2020:15

submit your manuscript

1769

Dove


https://www.r-project.org
http://www.dovepress.com
http://www.dovepress.com

Zhao et al

Dove

Results

Of the 234 patients (>18 years) who fell during hospitali-
zation, 115 patients (49.1%) were over 65 years of age and
suffered various degrees of fall-related injuries, which
were identified by the adverse events reporting system.
According to the individual matching method, 230
matched controls were randomly selected in our study,

and there were no falls in the control group.

Circumstances of Injurious Falls

As shown in Table 1, 31 patients (27.0%) had minor
injuries, 12 patients (10.4%) had moderate injuries, 69
patients (60.0%) had major injuries, and 3 patients
(2.6%) died. Most cases (82.6%) occurred in the internal
medicine department. The top three main diseases were
diagnosed as tumor (19.1%), circulatory system disease
(18.3%), and neurological disease (17.4%). In addition, 0
(the day of admission)-3 days (32.2%) or 7-14 days
(33.9%) after admission were periods of high incidence.
The month and time of occurrence were mainly from April
to June (32.2%) and 00:01 to 06:59 (34.8%). It is worth
noting that 42.6% of patients were not accompanied by
anyone. Injury-related activities were mainly position
changes (33.9%) and excretion (31.3%), mainly due to
weakness (44.3%), dizziness/vertigo (20.0%), and slipping
(21.7%).

Predictors for Injurious Falls

A total of 115 elderly patients with injurious falls and 230
controls were identified in our study. The mean age of the
training set (N = 242) was 78.27 + 9.15 years, with 132 males
(54.5%), and 110 for females (45.5%). The mean age of the
validation set (N = 103) was 78.05 + 8.70 years, with 56
males (54.4%) and 47 females (45.6%). The demographic
and clinical characteristics of all patients and of the patients
in the two sets are presented in Table 2, and there were no
differences between the two sets, which showed a good
balance. As shown in Table 3, five valuable predictors of
injurious falls were identified through univariate analysis and
multivariate logistic regression analysis (all P<0.05), includ-
ing a history of fractures (OR: 5.298, 95% CI: 2.311-12.145),
orthostatic hypotension (OR: 5.570, 95% CI: 2.063—15.038),
functional status (OR: 2.915, 95% CI: 1.125-7.553), seda-
tive-hypnotics (OR: 8.280, 95% CI: 3.631-18.883), and
serum albumin levels (OR: 12.505, 95% CI: 5.123-30.522).

Table | Circumstances of Injurious Fall Events

Variables n %
Degree of injury
Minor 31 27.0
Moderate 12 10.4
Major 69 60.0
Death 3 2.6
Department
Internal 95 82.6
Surgical 17 14.8
Others 3 2.6
Disease diagnosis
Circulatory system 21 18.3
Nervous system 20 17.4
Urinary system 13 1.3
Musculoskeletal system 14 12.2
Endocrine system 12 10.4
Cancer 22 19.1
Others 13 1.3
Admission stage (days)
0-3 37 322
4-6 19 16.5
7-14 39 339
15-21 14 12.2
>21 6 5.2
Month
-3 32 27.8
4-6 37 322
7-9 27 235
10-12 19 16.5
Date
I-10 45 39.1
11-20 36 313
221 34 29.6
Time
7:00-13:00 24 20.9
13:01-19:00 21 18.3
19:01-24:00 30 26.1
00:01-06:59 40 34.8
Accompanied by
Family 25 21.7
Care workers 41 357
None 49 42.6
Location
Bedside 42 36.5
Bathroom 39 339
Ward 16 13.9
Others 18 15.7
(Continued)
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Table | (Continued).

Variables n %

Type of reporting

Patient him(her)self 14 12.2
Family and care workers 41 357
Other patients in the same ward 35 30.4
Medical staff 20 17.4
Others 5 43

Activity related events

Change position 39 339
Excretion 36 31.3
Bathing 7 6.1
Hanging around 16 13.9
Examination 5 43
Others 12 10.4

Main cause

Weakness 51 443
Dizziness/Vertigo 23 20.0
Slipping 25 21.7
Stumbling 9 7.8
Others 7 6.1

Development of the Prediction
Nomogram

We constructed a nomogram (Figure 1), which includes
the five identified variables, to identify the individual risk
of injurious falls by using the rms package of R. As an
example of how to utilize the nomogram to calculate
values, we chose an elderly patient with fracture history,
no OH, partially dependent on functional status, no seda-
tive-hypnotics and low serum albumin. By drawing a line
up towards the points for each variable, the patient will
have 68.5 points (history of fractures), 0.0 points (OH),
15.2 points (functional status), 0.0 points (sedative-
hypnotics) and 100.0 points (low level of serum albumin).
The total number of points of this patient is 183.7 points,
and the probability of injurious falls is 62.0%. The total
score of the constructed nomogram was used as an indi-
cator to predict the risk of injurious falls, and the corre-
sponding ROC curves were drawn. The C-index in the
training set was 0.874 (95% CI:0.784-0.964), and the
corrected C-index was 0.876 (95% CI: 0.847-0.905). The
C-index in the validation set was 0.847 (95% CI: 0.771—
0.924). The calibration plots in the training set are pre-
sented in Figure 2A, and the calibration plots in the vali-
dation set are illustrated in Figure 2B. These figures show
the satisfactory concordance of the nomogram-predicted

and observed probabilities of injurious falls in elderly
individuals.

Risk Stratification of the Scoring Model

To facilitate the use of the prediction model for risk
stratification by medical staff, the cut-off value was deter-
mined by calculating by the maximum Youden index. In
the training set, the cut-off value was 146.3 points, the
sensitivity was 73.7%, and the specificity was 87.5%. In
the validation set, the cut-off value was 157.2 points, the
sensitivity was 69.2%, and the specificity was 85.5%. In
our study, 2 hospitals used the Morse Fall Scale (MFS),
and 1 hospital used an in-house tool to assess the fall risk
of inpatients. The risk level was divided into low, moder-
ate and high risk. The results of the three tools were
unified into categorical variables (low risk =0, medium
risk=1, high risk=2), and we attempted to compare the
prediction of injurious falls according to these tools with
that according to our nomogram. In the training set
(Figure 3A) and validation set (Figure 3B), compared
with the nomogram, the above mentioned assessment
tools had poor predictive ability in assessing the possibi-
lity of injurious falls (AUC in the training set: 0.542; AUC
in the validation set: 0.486), and were insufficient to
identify elderly patients at high risk of injurious falls.

Discussion

Injurious falls can cause high disability and mortality in
elderly individuals, leading to prolonged days of hospita-
lization and increased medical expenses. The crucial and
cost-effective solution that needs to be further explored in
the prevention program is the identification of elderly
individuals at high risk of injurious falls. To the best of
our knowledge, this was the first study to develop
a predictive nomogram of injurious falls among older
adults admitted to acute care hospital settings. Our study
suggested that risk factors, including history of fractures,
status,
hypnotics and low serum albumin levels, can influence

orthostatic hypotension, functional sedative-
the risk of injurious falls in elderly patients. The new
scoring nomogram of injurious falls can be accomplished
by reviewing past medical history and evaluating the
results of laboratory tests, functional status and medication
at admission. The nomogram showed acceptable predic-
tive performance for predicting the individual risk of
injurious falls in clinical practice. The nomogram we
established might facilitate the prioritization of scarce

hospital services and lead to the prevention of injurious
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Table 2 Demographic and Clinical Characteristics of the Training Set and Validation Set

Variables All Patients (N=345) | Training Set (N=242) | Validation Set (N=103) | P-value
n % n % n %
Age (MeantSD) 78.20 (9.01) 78.27 (9.15) 78.05 (8.70) 0.839
Sex 0.819
Male 188 54.5 132 54.5 56 54.4
Female 157 45.5 110 45.5 47 45.6
BMI 0.599
<185 27 7.8 16 6.6 I 10.7
18.5-24.9 237 68.7 168 69.4 69 67.0
25.0-29.9 71 20.6 51 21.1 20 19.4
230 10 29 7 29 3 3.0
Number of comorbidities 0.979
0-2 146 42.3 101 41.7 45 43.7
3-6 173 50.1 123 50.8 50 48.5
=7 26 7.5 18 74 8 7.8
History of fall 0.331
Yes 100 29.0 67 27.7 33 320
No 245 71.0 175 723 70 68.0
History of fractures 0.405
Yes 82 238 53 219 29 28.2
No 263 76.2 189 78.1 74 71.8
OH 0.846
Yes 56 16.2 39 16.1 17 16.5
No 289 83.8 203 83.9 86 83.5
Altered or limited mobility gait problems 0.096
Yes 147 42.6 95 393 52 50.5
No 198 574 147 60.7 51 49.5
Functional status 0.402
Independent 55 15.9 42 17.4 13 12.6
Partially dependent 275 79.7 188 77.7 87 84.5
Completely dependent 15 4.3 12 5.0 3 2.9
Sedative-hypnotics 0.806
Yes 79 229 53 21.9 26 25.2
No 266 77.1 189 78.1 77 748
Antipsychotics 0.411
Yes 23 6.7 18 74 5 4.9
No 322 933 224 92.6 98 95.1
Antihypertensive drugs 0.412
Yes 207 60.0 141 58.3 66 64.1
No 138 40.0 101 41.7 37 359
Insulin or oral hypoglycemics 0.305
Yes 120 348 89 36.8 31 30.1
No 225 65.2 153 63.2 72 69.9
(Continued)
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Table 2 (Continued).
Variables All Patients (N=345) | Training Set (N=242) | Validation Set (N=103) | P-value
n % n % n %

Diuretics 0.077
Yes 103 29.9 64 264 39 379
No 242 70.1 178 73.6 64 62.1

Level of hemoglobin 0.111
Normal 151 438 113 46.7 38 36.9
Low 193 55.9 129 533 64 62.1
High [ 0.3 0 0.0 | 1.0

Level of serum albumin 0.120
Normal 165 47.8 119 49.2 46 44.7
Low 180 522 123 50.8 57 55.3
High 0 0.0 0 0.0 0 0.0

Level of serum potassium 0.598
Normal 281 8l4 198 81.8 83 80.6
Low 55 15.9 39 16.1 16 15.5
High 9 26 5 2.1 4 39

Level of INR 0.456
Normal 308 89.3 217 89.7 91 88.3
Low 7 2.0 6 2.5 | 1.0
High 30 8.7 19 79 I 10.7

Abbreviations: BMI, body mass index; OH, orthostatic hypotension; INR, international normalized ratio.

falls for individual patients facing the greatest risks. The
cut-off values determined for risk stratification were ben-
eficial for developing personalized and targeted interven-
tions to early modify risk factors early and reduce the
incidence of injurious falls, avoiding prolonged hospital
stays and increased medical costs.

In line with the findings of previous research, we found
that those patients with a history of fractures were signifi-
cantly associated with the risk of re-fracture after falls, pos-
sibly as a result of a decrease in the strength and quality of
muscles and bones due to the limited activity caused by
previous fractures.”* Functional status was a predictor of
injurious falls, representing the capability of self-care in
activities of daily living (ADL). Samuel et al hold the con-
sistent view that elderly individuals needing assistance with
ADL tend to suffer injurious falls.® Our study suggests that
OH, a common disorder of elderly adults, can influence the
risk of injurious falls, which is in accordance with the find-
ings of Chang’s study.”® The common discomforts of the
disease are dizziness, light headedness, visual impairment,
weakness and fatigue, which may contribute to the occur-
rence of injurious falls.?” Since OH usually occurs during the
transformation of body posture, it is also compatible with the

circumstance of injurious falls occurring at the bedside in our
study. Previous studies have pointed out that the risk of hip
fracture was significantly increased in elderly patients taking
sedative-hypnotics, in line with our suggestions that seda-
tive-hypnotics were associated with severe injuries such as
fractures after falls.*® The reason for this may be due to the
side effects on the central nervous system, especially in the
first few hours after taking the drugs, easily leading to
adverse reactions such as drowsiness, fatigue, impaired bal-
ance and cognitive and motor functions, especially in elderly
patients.>>** This is the first study to directly determine the
relationship between the level of serum ALB and injurious
falls. Elderly patients with a low level of ALB at admission
were more likely prone to experiencing injuries after falling,
and more attention needs to be paid to these patients.
A reasonable interpretation is that albumin, a biomarker
representing nutritional status, has been at a low level for
a long time in these patients, which is not conducive to
maintaining normal skeletal muscle mass, strength and func-
tion and may cause sarcopenia, eventually causing severe

injuries after a fall.*!

Elderly patients should be advised to
exercise appropriately or to use assistive walking equipment

for gait and posture problems. Moreover, personalized
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Table 3 Univariate Analysis and Multivariate Logistic Analysis for Injurious Falls in the Training Set

Variables Injurious Falls No-Fall Group | P-value® | P-value® | OR 95% CI
Group (n=74) (n=168)
n % n %

Factors selected

History of fractures 0.000 0.000 5298 | 2.311-12.145
No 47 63.5 142 84.5
Yes 27 36.5 26 15.5

OH 0.003 0.001 5.570 | 2.063-15.038
No 54 73.0 149 88.7
Yes 20 27.0 19 11.3

Functional status 0.000 0.028 2915 1.125-7.553
Independent 5 6.8 37 22.0
Partially dependent 59 79.7 129 76.8
Completely dependent 10 13.5 2 1.2

Sedative-hypnotics 0.000 0.000 8.280 3.631-18.883
No 40 54.1 149 88.7
Yes 34 459 19 1.3

Level of serum albumin 0.000 0.000 12.505 | 5.123-30.522
Normal 16 21.6 103 61.3
Low 58 784 65 387
High 0 0.0 0 0.0

Factors not selected

Age (MeantSD) 80.91 (8.72) 77.07 (9.11) 0.002
Sex 0.806
Male 42 56.8 90 53.6
Female 32 43.2 78 46.4
BMI 0.157
<185 4 5.4 12 7.1
18.5-24.9 57 77.0 Il 66.1
25.0-29.9 13 17.6 38 226
230 0 0.0 7 42
Number of comorbidities 0.946
0-2 29 39.2 72 429
3-6 39 527 84 50.0
=7 6 8.1 12 7.1
History of fall 0.000
No 41 554 134 798
Yes 33 44.6 34 20.2
Altered or limited mobility gait problems 0.001
No 34 45.9 13 67.3
Yes 40 54.1 55 327
Antipsychotics 0.206
No 66 89.2 158 94.0
Yes 8 10.8 10 6.0
Antihypertensive drugs 0.476
No 34 45.9 67 39.9
Yes 40 54.1 101 60.1
Insulin or oral hypoglycemics 0.713
No 45 60.9 108 64.3
Yes 29 39.1 60 35.7
(Continued)
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Table 3 (Continued).
Variables Injurious Falls No-Fall Group | P-value® | P-value® | OR 95% ClI
Group (n=74) (n=168)
n % n %

Diuretics 0.000
No 43 58.1 135 80.4
Yes 31 41.9 33 19.6

Level of hemoglobin 0.001
Normal 23 311 90 53.6
Low 51 68.9 78 46.4
High 0 0.0 0 0.0

Level of serum potassium 0.026
Normal 53 71.6 145 86.3
Low 18 243 21 12.5
High 3 4.1 2 1.2

Level of INR 0.040
Normal 6l 82.4 156 929
Low 4 5.4 2 1.2
High 9 12.2 10 6.0

Notes: *P-value was calculated by univariate analysis. °P-value was calculated by multivariate logistic analysis. Bolded figures: P<0.05.
Abbreviations: BMI, body mass index; OH, orthostatic hypotension; INR, international normalized ratio; OR, odds ratio; 95% Cl, 95% confidence interval.

education should also be conducted, such as the placement of
commonly used items, the methods of position changing and
the correct responses after a fall for improving the fall man-
agement ability of patients and caregivers.**> The applic-
ability of sedative-hypnotics should be strict to avoid the
improper use of drugs by medical staff, and patients with
OH should be paid great attention as well and be reminded to
avoid specific circumstances, such as changing positions
rapidly, overeating, and standing for a long time, which
easily trigger the occurrence of OH. At the same time, raising

the bedside properly and increasing blood volume by adding
to the intake of water (2-3 L) and salts (6—10 g) could be
OH.3433
Furthermore, for elderly patients with chronic kidney dis-

considered feasible strategies to prevent
ease, severe liver disease or other multi-comorbidities, nutri-
tional assessment and supplementation should be carried out
in a timely manner to avoid frailty, malnutrition and other
conditions.

For the first time, this study not only developed

a nomogram to predict the risk of injurious falls in elderly

40 50 60 70 80 90 100

0 10 20 30
Points :
Orthostatic hypotension "

No
History of fractures r

No

Partially dependent

Functional status "
Independent

Completely dependent
X X Yes

Sedative hypnotics r ]
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Low level of serum albumin .

No
Total Points T T T T . v y

0 50 100 150 200 250 300 350 400
Probability of injurious falls - - - —— T T
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Figure | The nomogram to predict the probability of injurious falls in elderly inpatients.
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Figure 2 Calibration curve of the nomogram for the training set (A) and validation set (B). The model-predicted probability of the clinical model is illustrated on the X-axis,
and the observed probability of older adults with injury in a fall event is displayed on the Y-axis.

A

08
AUC =0.874

06

Sensitivity

04

0.2
=== Nomogram

== Fall risk assessment tools

0.0 0.2 04 0.6 08 1.0

1-Specificity

B .
0.8
AUC = 0.847
> 06
=
@
[
[
» AUC =/0.486
04
0.2
== Nomogram
== Fall risk assessment tools
0.0
0.0 0.2 04 06 0.8 1.0
1-Specificity

Figure 3 The ROC curve and AUC of the nomogram and fall risk assessment tools to predict the probability of injurious falls in the training set (A) and validation set (B).

Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve.

inpatients but also compared the performance against the
accepted tools for falls in clinical practice. Although many
risk tools have been developed and widely used to evaluate
the risk of falls, these tools were not designed to identify
people at high risk of falls with injury. In our study, the
calibration of MFS was lower than that of the nomogram,
which indicated that it was not enough to accurately identify
high-risk groups. Due to the serious negative effects caused
by injury, such as functional limitations, physical disability
and the loss of independence, it is important to determine the
risk factors and identify high-risk populations to reduce the
occurrence of injury or minimize the negative impact of
injury, which would improve the content of the fall preven-
tion program. Importantly, the nomogram has the ability to
simplify the statistical and complicated models into a single,
user-friendly interface to estimate the numerical probability
of an event specific to each elderly patient, which is different

from other tools of risk levels and can provide more practical
information for allowing the medical staff to weight the
utility of proceeding inquiries for the further targeted evalua-
tion and treatment of each patient. The risk stratification
method provided in our study could help medical staff iden-
tify the high-risk population that should be included in prior
management monitoring, and should better identify of injur-
ious fall patients who would gain the most benefit from
effective interventions. Meanwhile, the model could be set
in the electronic medical record system, automatically
extracting the key data. Alternatively, it could be converted
into application software on electronic mobile devices to
better facilitate efficient labor savings and assist in medical
decision-making. The focus of future research is to compare
other risk assessment tools among different populations, and
through the application of the visual model, to determine
whether the individualized numerical probability would
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affect the deviation of understanding due to varying educa-
tion as well as to determine the impact of the nomogram in
affecting the participation in a fall injury prevention program.

However, there were several limitations with this study
that should be acknowledged. First, the relevant data were
collected by reviewing medical records, and certain variables
were not evaluated in the patients, such as current levels of
depression or anxiety, sleep patterns and frailty. The above
factors may have an impact on injurious falls but were not
available for confirmation. Second, the assessment time
points to evaluate the risk factors for patients with injurious
falls (closest to the event) and the control patients (at the time
of admission) may not reflect the average or overall level of
the patient’s condition with some time-dependent covariates,
so the results may be affected by the length of hospital stay.
Additionally, the types of sedative-hypnotics and fractures
were not defined in detail, and laboratory tests were
described using categorical variables due to the different
research sites, which may have some impact on the accuracy
of nomogram evaluation. Third, due to the limitation of the
sample size, we conducted the prediction performance tests
only from the original data (training set and validation set),
and the external validation of the nomogram in other data
would support its widespread use. In the future, the nomo-
gram should be verified externally by different hospitals in
other countries, and more studies are needed to provide
a larger number of samples to support our results or explore
risk factors for injurious falls.

Conclusions

We identified significant predictors of injuries among
elderly patients in a retrospective case—control study, and
elderly persons with five risk factors were more suscepti-
ble to injuries falls than those without these factors.
Moreover, a nomogram was then constructed for predict-
ing individualized risk and provided a new approach to
risk stratification for identifying the high-risk population
in acute care hospitals. Different from the traditional risk
assessment tools, the nomogram can improve the percep-
tion of injurious falls for patients and primary caregivers
through a numerical representation of risk. Medical staff
can use this model to quickly screen and identify high-risk
patients and implement targeted interventions to reduce the
incidence of injurious falls and ensure patient safety.
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