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Abstract

Aim: Understanding the appropriate prescription of psychotropics for hospitalized
patients in terms of preventing falls is an important issue. The aim of this study was to
assess the associations between the occurrence of falls and the use of various individual
psychotropics in hospitalized patients.

Methods: A retrospective matched case-control study was conducted on adult patients
admitted to every department of Tokyo Medical University Hospital, with the outcome
being in-hospital falls. A total of 447 hospitalized patients who had had in-hospital falls
at some point in their hospitalization between January 2016 and December 2016 were
included as cases. A total of 447 hospitalized patients who did not have in-hospital falls,
and were individually matched to the cases by sex, age, and clinical department, were
included as controls. All data were extracted from electronic medical records.
Conditional logistic regression analyses were conducted to assess the association
between the exposure to 16 psychotropic medications and the occurrence of in-hospital
falls. The multivariable logistic regression model adjusted sex, age, clinical department,
body mass index, fall risk score on the fall risk assessment measure, and use of
psychotropic medications.

Results: The multivariable conditional logistic regression model showed a significant
association between the use of risperidone (odds ratio [OR] =3.730; 95% confidence
interval [Cl] = 1.229-11.325) and flunitrazepam (OR =4.120; 95% Cl=1.105-15.364)
and an increased OR of falls among hospitalized patients.

Conclusion: The use of risperidone and flunitrazepam were identified as risk factors for

falls among hospitalized patients.
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INTRODUCTION

Falls in hospitalized patients are common and serious accidents. A
previous study on adult hospitalized patients in the United States
reported that the fall rate was presumed to be 3.56 per 1000 persons
per day, and approximately one in four falls resulted in injury.
Furthermore, both falls with and without injuries were found to lead
to a decline in an individual's activities of daily living over a long
period of time.2 From the viewpoint of medical safety management,
falls in hospitalized patients have been associated with increased
length and cost of hospitalization,® and furthermore, some medical
negligence suits associated with falls in hospitals have also been
reported.* In other words, the prevention of in-hospital falls is a
crucial issue in medical safety management.

To reduce the rate of in-hospital falls, medical staff are required
to assess the fall risk of hospitalized patients, and prevent
hospitalized patients from exposure to the risk factors for falls.®
The use of psychotropics is considered to be strongly associated with
falls in terms of their mechanism of action, and hence it is expected
that understanding the appropriate prescription of psychotropics
would lead to the prevention of falls in hospitalized patients.® Many
randomized control trials have investigated the efficacy and safety of
individual psychotropic drugs; however, the frequency of the
occurrence of falls is low, and therefore, it was difficult to statistically
evaluate the fall risk associated with each psychotropic drug.”® On
the other hand, some previous studies investigated the association of
the use of psychotropics with falls as the main outcome, and the use
of hypnotics has been suggested to be most strongly associated with
an increased risk of falls.”?” However, most previous studies
analyzing falls as the main outcome determined the fall risk
associated with the use of each class of psychotropics (i.e.,
antipsychotics, antidepressants, anxiolytics, and hypnotics) or the
use of benzodiazepines and non-benzodiazepines.?~7:19-2224-27 1o
the best of our knowledge, there have been no clinical reports to date
that have simultaneously assessed the associations between in-
hospital falls and various individual medications within multiple
classes of psychotropics. In other words, the following unanswered
question that has troubled physicians in the clinical setting remains:
whether or not each individual psychotropic medication is an
independent risk factor for falls among hospitalized patients. To
clarify this important issue, we hypothesized that each individual
psychotropic would be a risk factor for falls in hospitalized patients,
and aimed to assess the associations between falls and the use of
various individual psychotropics in hospitalized patients, by perform-

ing a matched case-control study.

PARTICIPANTS AND METHODS
Study design and participants

A retrospective matched case-control study was conducted on adult
patients admitted to every department of Tokyo Medical University

Hospital, which is a 904-bed general hospital. In the case-control
study, the outcome was in-hospital falls. First, all in-hospital falls
between January 2016 and December 2016 were identified from
incident reports. In our hospital, nurses are required to register all in-
hospital falls in incident reports, after informing doctors of the
incident. A fall is defined as a sudden, unintended descent of a
person's body to a lower level or the ground. The in-hospital fall rate
was 1.9 per 1000 persons per day during the abovementioned period
for inpatients in our hospital. All adult hospitalized patients who
experienced in-hospital falls at some point in their hospitalization
during the abovementioned period were included in the case group.
There were no exclusion criteria for the case group. The presence of
in-hospital falls in cases during their hospitalization was confirmed
from the electronic medical records. If a case was identified to have
experienced two or more in-hospital falls, only the first in-hospital fall
was included in the study analyses, considering that a previous fall is
a potential risk factor for subsequent falls.2® For the controls, among
the adult patients who were admitted at the same time as the cases
but who did not experience in-hospital falls, one patient was
randomly matched to each case by sex, age (plus or minus 3 years
and closest), and clinical department (i.e., 1:1 matching). There were
no exclusion criteria for the control group. The absence of in-hospital
falls in the controls during their hospitalization was confirmed from
their electronic medical records. Regarding controls who had been
admitted to Tokyo Medical University Hospital two or more times
during the study period, the data of the first hospitalization was
included in the analyses. Finally, 447 matched cases and controls
without missing data were included in the analyses.

Ethics review

The study was designed in compliance with the Declaration of
Helsinki (as revised in Brazil in 2013), and was approved by the
Institutional Review Board of Tokyo Medical University (approval
number: SH3612). The anonymity of the participants was assured.
The study was a retrospective observational study using data
collected from electronic medical record surveys, and hence was
considered to pose no risk to participants. Therefore, information
regarding the study and the way to decline participation were
presented on the hospital homepage, and patients were assumed to
be willing to participate in the study unless they took action to

decline participation (the so-called opt-out approach).

Data extraction

All data regarding patient characteristics and administered psycho-
tropics were extracted from electronic medical records. The index
date for each case was defined to be the day when the case
experienced the fall. The index date for each control was defined as
the hospital day corresponding to the days from admission to the fall
of the corresponding case. For example, for a case who had fallen on
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the 11th hospital day, the index date of this case was considered to
be the 11th hospital day, and the index date of the corresponding
control was considered to be the 11th day of hospitalization of the
control.

Psychotropic medications administered to participants on the
day before the index date were investigated, and the following 16
psychotropics, which were used by 10 or more participants on the
day before the index date, were analyzed as exposure for falls:
olanzapine, quetiapine, risperidone, duloxetine, mirtazapine, alprazo-
lam, ethyl loflazepate, etizolam, brotizolam, estazolam, eszopiclone,
flunitrazepam, suvorexant, triazolam, zolpidem, and zopiclone. Data
regarding the following characteristics of the patients at the time of
admission in the case and control groups were extracted: body mass
index, and total fall risk score measured using the fall risk assessment
measure,?’ in addition to the matching variables of sex, age, and
clinical department. For patients who used any psychotropic
medication on the day before the index date, their diagnoses of
mental disorders were also extracted, in accordance with the 10th
Revision of the International Classification of Diseases. The fall risk
assessment measure used at Tokyo Medical University Hospital
consists of the following items: age, history of falls, elimination status,
medications, sensory dysfunction, gait/balance, mobility, and cogni-
tive status, and is routinely administered by nurses to patients on
admission to assess their fall risk. The full total score is 36; a total
score of 7 to 15 indicates a moderate risk for falls, and a total score of

16 or higher indicates a high risk for falls.

Statistical analyses

Data regarding patient characteristics were initially compared
between the case and control groups. The t-test was used for
continuous variables, and the chi-squared test was used for
categorical variables. Subsequently, to assess the association
between the exposure to 16 psychotropic medications and the
occurrence of in-hospital falls, conditional logistic regression analyses

were conducted, and odds ratios (ORs) with 95% confidence intervals

<
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(Cls) were calculated. The dependent variable was the occurrence of
in-hospital falls. In the multivariable conditional logistic regression
model, in addition to the matching variables (sex, age, and clinical
department), body mass index, fall risk score, and use of psychotropic
medications were adjusted. In addition, to investigate the risk of falls
associated with the exposure to 16 psychotropic medications among
older hospitalized patients, analyses were conducted excluding those
under 65 years of age. All statistical analyses were performed using
IBM SPSS Statistics for Windows, Version 28.0 (IBM Corp, Armonk,
NY, USA), and a p-value of <0.05 was considered to indicate a

statistical significance.

RESULTS

Table 1 summarizes the comparison of patient characteristics at the
time of admission between the case and control groups. Regarding
matching variables (i.e., sex, age, and clinical department), significant
differences were not detected between the case and control groups.
The details of the clinical departments of the patients are presented
in Supporting Information: Supplementary Table 1. Regarding body
mass index and total fall risk score, significant differences were
detected between the two groups. The body mass index of the case
group was significantly lower than that of the control group
(p=0.002), and the total fall risk score of the case group was
significantly higher than that of the control group (p <0.001). The
major psychiatric diagnoses for patients who had been exposed to
any psychotropic medication on the day before the index date are
summarized in Supporting Information: Supplementary Table 2. In a
few patients, psychotropic medications were administered for the
purpose of improving nausea and vomiting associated with chemo-
therapy, or chronic musculoskeletal pain.

Table 2 shows the results of conditional logistic regression
analyses for the occurrence of the outcome of in-hospital falls
according to psychotropic medication exposure on the day before the
index date. Details of the number and proportion of patients who had

been exposed to each psychotropic medication on the day before the

TABLE 1 Characteristics of the
patients in the case and control groups.

Case Control Statistical
group (n= 447) group (n= 447) difference (p)
Age (years), mean (SD)? 68.7 (14.1) 68.7 (14.1) 0.983
Sex (male), n (%)° 241 (53.9) 241 (53.9) 1.000
Inpatient department 1.000
(Supplementary Table 1)°
Body mass index (kg/m?), 21.2 (3.9) 22.0 (3.8) 0.002
mean (SD)?
Fall risk score,© mean (SD)? 6.6 (4.1) 4.6 (3.7) <0.001

Abbreviation: SD, standard deviation.

?Analyzed by the t-test.
bAnalyzed by the x-test.

“Evaluated by the fall risk assessment tool.
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Univariable analyses

Multivariable analysis?

TABLE 2 Univariable and
multivariable conditional logistic

Variables OR 95% Cl p-value  OR 95% Cl p-value regression analyses for the occurrence of
Body mass index (kg/m?) 0.939 0.904-0.975 0.001* 0.931 0.892-0.972 0.001* falls.
Fall risk score® 1.215 1.156-1.277 <0.001* 1.205 1.144-1.269 <0.001*
Olanzapine 0.571 0.167-1.952 0.372 0.328 0.066-1.628 0.173

Quetiapine 1.333 0.463-3.843 0.594 0.565 0.140-2.291 0.424
Risperidone 3.000 1.191-7.558 0.020* 3.730 1.229-11.325 0.020*
Duloxetine 1.750 0.512-5.978 0.372 1.255 0.275-5.725 0.769
Mirtazapine 2.667 0.707-10.052 0.147 5.712 0.719-45.369 0.099

Alprazolam 1.400 0.444-4.411 0.566 2.039 0.433-9.608 0.368

Ethyl loflazepate 1.667 0.606-4.586 0.323 1.846 0.505-6.741 0.354

Etizolam 1.824 1.009-3.295 0.047* 1451 0.725-2.906 0.293

Brotizolam 1.167 0.676-2.012 0.579 0.929 0.477-1.808 0.828

Estazolam 3.333 0.917-12.112 0.067 1423 0.299-6.781 0.658
Eszopiclone 2.000 0.807-4.955 0.134 1458 0.491-4.332 0.497
Flunitrazepam 3.600 1.337-9.696 0.011* 4.120 1.105-15.364 0.035*
Suvorexant 5.000 1.096-22.820 0.038* 2.736 0.482-15.526 0.256

Triazolam 2.000 0.602-6.642 0.258 2.294 0.486-10.831 0.294

Zolpidem 1.500 0.930-2.420 0.097 1.250 0.707-2.209 0.443

Zopiclone 3.857 1.680-8.857 0.001* 2.524 0.958-6.651 0.061

Note: Matching variables are not presented in the table.
Abbreviations: Cl, confidence interval; OR, odds ratio.

3The multivariable logistic regression model adjusted age, sex, inpatient department, body mass index,
fall risk score, and the use of olanzapine, quetiapine, risperidone, duloxetine, mirtazapine, alprazolam,
ethyl loflazepate, etizolam, brotizolam, estazolam, eszopiclone, flunitrazepam, suvorexant, triazolam,

zolpidem, and zopiclone.
bEvaluated by the fall risk assessment tool.
*Statistically significant difference (p < 0.05).

index date in the case and control groups are presented in Supporting
Information: Supplementary Table 3. In univariable logistic regression
models, a significantly increased OR of in-hospital falls was observed
for the exposure to risperidone, etizolam, flunitrazepam, suvorexant,
and zopiclone, but not for the exposure to olanzapine, quetiapine,
duloxetine, mirtazapine, alprazolam, ethyl loflazepate, brotizolam,
estazolam, eszopiclone, triazolam, and zolpidem. Multivariable logistic
regression model, which adjusted sex, age, clinical department, body
mass index, fall risk score, and use of psychotropic medications,
found risperidone (OR=3.730; 95% Cl=1.229-11.325; p=0.020)
and flunitrazepam (OR =4.120; 95% Cl = 1.105-15.364; p = 0.035) as
remaining significantly associated with an increased OR of in-hospital
falls. On the other hand, regarding etizolam, suvorexant, and
zopiclone, as well as medications that were nonsignificant in
univariable logistic regression models, multivariable analysis showed
that the exposure to each medication was not significantly associated
with an increased OR of in-hospital falls. Regarding characteristics of
the patients, a low body mass index and a high total fall risk score
were significantly associated with an increased OR of in-hospital falls

in both univariable and multivariable logistic regression models.
Regarding the analyses of older hospitalized patients, in which 129
cases and controls under 65 years of age were excluded, the results
are shown in Supporting Information: Supplementary Table 4. In the
multivariable conditional logistic regression model, a significantly
increased OR of in-hospital falls was observed for the exposure to
mirtazapine, in addition to risperidone and flunitrazepam, which were
significantly associated with an increased OR of in-hospital falls in the
main multivariable analysis (including all cases and controls). On the
other hand, the calculated Cls, particularly that of mirtazapine,

were wide.

DISCUSSION

The summary of our main findings are as follows. We observed a
significant association between the use of risperidone and flunitra-
zepam and an increased OR of falls among hospitalized patients in
multivariable conditional logistic regression analysis. On the other
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hand, we observed no significant association of an increased OR of
falls with the use of olanzapine, quetiapine, duloxetine, mirtazapine,
alprazolam, ethyl loflazepate, etizolam, brotizolam, estazolam, eszo-
piclone, suvorexant, triazolam, zolpidem, and zopiclone, although
these findings might not indicate the absence of a risk for falls. To the
best of our knowledge, this study is the first to simultaneously
evaluate the association of in-hospital falls with the use of individual
medications within multiple classes of psychotropics, by collecting
data including actual medication use from medical records.

As we mentioned in the Introduction section, many previous
studies investigating the risk of falls have focused on the use of each

9:1315-17,19.22.2425 4 the use of each type of

10-14,20,21,23,26,27,30-33

class of psychotropics
benzodiazepine receptor agonists, although
the psychotropic classes or types identified as risk factors for falls
were partially inconsistent among the studies. The main reason for
these discrepancies might be that various medications were grouped
together into each class or type of psychotropics. Furthermore, these
discrepancies might be explained by the design of previous studies.
Namely, many previous studies focused on community-dwelling

10-17,19-22,24,25,27,31-33 and

10-17,20-22,24,25,27,30,33

persons or nursing home residents,
collected data using administrative databases.
Therefore, there might be the possibility of a lack of information
regarding the time interval between drug administration and the
occurrence of falls, that is, the medication data might include
medications that had already been discontinued at the time of the
fall or were initiated after the fall.10~17-20-22,24,25,27,30-33 Additionally,
there might be the possibility of differences between actual
medication use and prescriptions, owing to medication nonadher-
ence.10717:20-22.24,2527,31-33 £\ rthermore, there is the possibility that
the outcome of falls was not identified accurately, because validation
studies were not conducted or poor accuracy was found for the case-
identification aIgorithms.lo’17'20’22'24’25'27'30’33 On the other hand,
only a few previous studies simultaneously investigated the associa-
tion between several individual hypnotic medications and falls among
hospitalized patients.'® Obayashi et al. reported that the use of
brotizolam, estazolam, and zopiclone was significantly associated
with an increased risk for falls among hospitalized patients, whereas
the use of flunitrazepam, nitrazepam, triazolam, and zolpidem was
not, although they did not investigate the associations between falls
and individual medications within each class of psychotropics, except
for hypnotics.'® Their findings regarding hypnotics were inconsistent
with our findings that the use of flunitrazepam was the most strongly
associated with falls in hospitalized patients among hypnotics. The
main reason for the discrepancy might be that they categorized
patients who used hypnotics at some point during their hospital stay
into the exposure group, which means that the exposure group
included patients who started using hypnotics after they fell.

The strength of our present study is that we collected the data of
hospitalized patients from medical records. The study design enabled
us to obtain reliable data regarding patient characteristics, in addition
to data regarding psychotropic medications that were actually being
used at the time of the falls, with consideration of the timing of drug
administration and medication adherence. Furthermore, we were

a S
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able to avoid outcome misclassification bias, confirming the
presence/absence of in-hospital falls in subjects during their
hospitalization. Another strength is that we controlled for some
potential risk factors in our multivariable conditional logistic regres-
sion analysis. Therefore, the nature of this study enabled us to
suggest independent risk factors for falls. Additionally, the results of
the analysis in older hospitalized patients (Supporting Information:
Supplementary Table 4) were similar to the results of the main
analysis (Table 2), although uncertainty might still exist, considering
the calculated Cls.

Our findings that both the use of flunitrazepam and risperidone
are independent risk factors for in-hospital falls appear reasonable,
considering the mechanism of action of these medications. The
significant association of flunitrazepam use with falls might be
explained by the duration and severity of the carry-over effect of
flunitrazepam, which has a long half-life of 15-20 h.3*3> Additionally,
this significant association might be explained by the profound
muscle relaxant action of flunitrazepam.®>2¢ The significant associa-
tion of risperidone use with falls might be explained by the high
frequency of extrapyramidal side-effects (EPSs), based on its binding
to dopamine D, receptors. A previous systematic review and meta-
analysis of 54 studies showed that risperidone was associated with
more frequent use of antiparkinson medications than olanzapine and
quetiapine, suggesting that risperidone might induce more EPSs,
which clinicians consider treating with antiparkinson medications,
than olanzapine and quetiapine.®”

There are several limitations to this study. First, there might be
bias in the selection of the controls, although we controlled for
patient characteristics in the main multivariable analysis. Second, the
participants who used two or more psychotropics were included in
our data, and therefore, the influence of the use of multiple
psychotropics, including drug-drug interactions, on falls remains
unclear, although the use of other psychotropic medications was
adjusted for in the multivariable analysis. Third, although significant
differences were not detected between the case and control groups
for the doses of risperidone and flunitrazepam (data not shown), we
did not conduct a conditional logistic regression analysis considering
the doses of the psychotropic medications because a large variety of
types and doses of psychotropics were prescribed for patients with
different diseases, and hence it was difficult to reflect the dose of
each psychotropic in the analyses. Finally, the associations of the
exposure to some psychotropics with the occurrence of in-hospital
falls might not have reached statistical significance because of the
relatively small sample sizes of the participants using these
psychotropics. Further planned prospective studies of a large number

of hospitalized patients are warranted in the future.

Conclusion

In this study, we found that the use of flunitrazepam and risperidone
was associated with an increased OR of falls. On the other hand, the
use of olanzapine, quetiapine, duloxetine, mirtazapine, alprazolam,
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ethyl loflazepate, etizolam, brotizolam, estazolam, eszopiclone,
suvorexant, triazolam, zolpidem, and zopiclone was not associated
with an increased OR of falls. In other words, our results suggest that
a risk of falls exists for the use of psychotropic medications,
particularly, risperidone and flunitrazepam. These findings provide
useful information, namely that physicians should avoid administering
flunitrazepam to hospitalized patients, and furthermore, physicians
should administer risperidone to hospitalized patients with great
caution after assessing the patients’ characteristics. These ap-
proaches might lead to a reduction in the occurrence of falls in

hospitalized patients.
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